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The dystopian vision: “Indeed, Granpa, tell what life was like before Climate Policies”.

“You see my little ones, as Gervais (2018) reminded us in his excellent book, less than three centuries ago we used to travel on foot,
on horseback or on a cariole, in a rowing boat or a sailboat. The land was cultivated with a plough pulled by a domestic animal and
the goods were transported in galleons or oxcarts. Even the richest castles were loosely heated with wood, and at nightfall, people
tried to work in a fleeting and fickle candlelight. Laundry kept the women busy at the wash-house and the economy was largely local
and self-sufficient.  Energy was  provided  by wood burning,  draught  animals,  wind  and river  currents.  Then came the industrial
revolution, fossil fuels, nuclear power and globalization. In 2019, before the Covid virus escaped from the Wuhan laboratory (Rogin,
2021), the world had changed more in 100 years than in 2 million years of human adventure. Then the GRUNZIs 4 imposed a global
zero-carbon emissions project, had delusional ideas like a social cost of carbon by demonizing carbon dioxide as a pollutant when it
had only advantages and a considerable private benefit of more than $400 per ton (Tol, 2017), and soon enough, due to climate
policies and the ecological transition, electricity had started to be in short supply with outages in winter when we needed it the most
(Worrall, 2019; Four, 2021), then a massive recession ensued and led to social disorders such that survivors like us of this Malthusian
project ended up in the Stone Age. The problem is that as the climate has naturally changed and become colder, most of the few
economic survivors have frozen to death, whereas IPCC's RCP 8.5 had forecast a warming of up to 5°C. But we should congratulate
ourselves on having a smaller carbon footprint.” - Grandpa to his seldom grand-children, 2100.

4 The obvious disdain for the fundamental  civil  rights and freedoms of the citizens, democracy and the parliamentary system
expressed by many climate and green activists and alas even a number of climate scientists is also clear in the German “Changing
World, Social Contract for a Great Transformation” (WBGU, 2011) and thus can be considered as a modern form of “Die Grünen
sozialismus”, i.e. GRUNZI.
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The Sorry State of Climate Science and Policies

Patrice POYET5

patrice.poyet.science (at) gmail (dot) com

Foreword

Early 2020, the world was struck by the man-made disaster of the spread of the COVID-19 virus that escaped from the
Wuhan laboratory (Rogin,  2021).  But  long  before  this  incredible  blunder  started to  be acknowledged after  much
denying, world leaders and some influential billionaires had already announced what would be the next and even more
expensive economic devastation, climate change policies and “decarbonation” of our economies. These perspectives
are far worse than a transient virus misery, as lasting measures will be enforced and enacted based on the gloomy
forecast of climate change software projections, that are impossible to check and that have compared very poorly so
far  with  real  instrumental  satellite  measurements  performed  with  micro  sounding  units.  Catastrophic  software
scenarios predicting an uncontrollable climate greenhouse runaway that would lead to ecological disasters, ominous
sea level rise and millions of refugees and deaths, all supposedly due to an increase over two centuries of 0.01% of the
atmospheric share of a totally harmless trace gas, have served to predict all sorts of calamities and to scare to the
bones the populations that are under the relentless indoctrination of the mass media. Worth noticing is that starting
with the threat  of  a return  to an  ice age in  the early  70s that  shifted to the global  warming scare,  such climate
calamities have been foretold for 50 years now (Rasool and Schneider, 1971; Schneider, 1989) but have, by chance and
for good reasons, never happened as reported by Ebell and Milloy (2019) and will most probably never happen.

In the midst of this COVID-19 man-made disaster I started, as a geophysicist, geochemist and computer scientist, to
painfully resent the ludicrous harping of ecologists crooks, NGOs and  supranational bodies of the UN all well funded
with tax-payer monies, and even of talking heads from the showbiz publishing columns in mainstream media to be read
by millions of gullible readers to make them feel guilty to just try to make a living for themselves and for their families
and to the forthcoming requirement for them to resort to a more frugal way of living «to save the planet» when they
themselves have probably not ever experienced what it means to make ends meets. As a geologist it was pretty clear
that climate had always changed on all timescales and had not needed mankind to demonstrate its whimsical nature, as
a  computer  scientist  I  had  long  known that  sophisticated  programs can more  or  less  say  whatever  the software
developers have designed them for (plus the garbage in garbage out syndrome with tuned or even forged data) and
even in a sometimes poorly reproducible way according to the too often met CACE paradigm (Changing Anything
Changes Everything) and finally as a geochemist I had been wary of the supposed evidence (chemical and physical) that
were explaining everything based on overly simplistic assumptions (radiative absorption by one scapegoat gas) and
furthermore that were not to be discussed as the consensus would not give you a chance to make your job as a
scientist, i.e. wonder and assess the soundness of the arguments.

President Obama’s advice to this year’s graduates «you can’t just accept what the experts and the people in charge tell
you» was spot on and I could not accept to be a silent accomplice of the future destruction of western economies for a
witch hunt without going in depth: 1) into the relevance of the brandished scientific « proofs » arising from so many
disciplines as climate science is just an illusion but resorts to a bunch of well known disciplines as chemistry, physics,
geology, astronomy, biology, to name a few, 2) the relevance of computer models mainly based on fluid mechanics
equations which are unable to make a decent fifteen day forecast but will – based on the same physical principles and
technology – tell you the average temperature a century away, and 3)  the delirious policies that will be implemented to
fight the enemy, nothing less than the gas of life, the gas which has enabled in the end all living species on this planet to
exist.  One should  never forget  that  irreplaceable and widely available  fossil  energy sources together  with  nuclear

5 https://www.researchgate.net/profile/Patrice_Poyet 
https://scholar.google.com/citations?user=UNfcrzYAAAAJ&hl=fr 
http://independent.academia.edu/PatricePoyet 
https://www.linkedin.com/in/patrice-poyet-247853/ 
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energy have simply enabled mankind to move out of the cave and improve living conditions on earth as never imagined
before!

Epistemologists around the end of the XXI century will report that the «Climate Fiasco» was a large scale deception
attempt initiated by a U.S. politician twice elected vice-president, who once took a class with an oceanographer and
global warming theorist,  and decided to embark on a crusade to save the world. Sticking to the wrong causation,
namely that CO2 was responsible for the increase of temperatures, whereas it was the other way round and contrary to
all evidence already available at the time, the growing flow of public funds into conforming universities and research
laboratories,  the  threatening  and  dismissal  of  opponents,  the hijacking  of  review committees of  most  prestigious
journals, and the use of the powerful bureaucratic machine of the UN, all led to a massive disinformation of the public
and a global scare of dissenting scientists. The stifling by all means of other opinions reminded of the worst years of
Soviet  science  under  the  leadership  of  Lysenko  and  enabled  the  Climate  tinkerers  to  declare  victory  through
«consensus»  and  «science  settled»,  not  even  realizing  the  inanity  of  their  claims  as  they  infringe  the very  basic
historical  foundations of  science.  By the years  2010,  their  dire  predictions of  warming and related calamities  not
happening, they changed the creed from global warming to climate change. Of course, as every scientist knew that
climate had always changed and on all  timescales, that was a major discovery at little risk of being invalidated or
challenged. This could enable them to hasten their agenda by promoting CO 2 not only to the status of a pollutant
(which will amaze scientists for the centuries to come) but to declare carbon (the basis of life) the enemy to defeat by
all  means,  including  enacting  legislation  around  the  2020  that  would  promote  a  zero-carbon  economy.  These
catastrophically   ill-founded  decisions  led  to  a  shift  of  wealth  from  Europe  and  the  U.S.  to  Asian  nations,  that
unwittingly  benefited  directly  of  the  self-suicide  of  the  West,  though  certainly  not  profiting  of  the  global  trade
reductions that fighting the harmless CO2 had led to. The Chinese, who had understood the sacred alliance formed by
real science and capital as revealed to the world by Adam Smith (1776) observed incredulously the way the western
public opinions had been manipulated and deceived and the way these societies were to return to relative poverty.
Africa had become the main raw material provider of China and more globally Asia and had done well by changing its
customers.  On  the  other  hand,  and  as  prophesized  by  Markovsky  (2016),  America  and  the  West  did  not  defeat
communism, they adopted it,  while the former Asian “communist” countries, keeping their development strategies
immune to the CO2 hysteria reached new “standards” of living that had only been known before by the West.

History will tell at the end of the XXI century, that even though at some point of the natural cycle that had started at the
end of the Little Ice Age (LIA) temperatures had gone past the medieval optimum, it was already pretty clear that the
climate was cooling and that a reversion to the means was to be considered, many being worried again of a return into
an ice age. In the meantime, the AGW delirium had come to an end and became known as Al Goreism (like Lysenkoism)
a joke with «Algorithms» reminding us that computer programs, based on dubious algorithms, had cost mainly western
societies trillions of dollars, wasted in meaningless «research» which confusing cause and effect had misled mankind in
extraordinary proportions and generated incredible  punitive  policies  to  achieve decarbonization,  as  if  CO 2 were a
demon. Unfortunately, real problems had returned and reminded us that one should never take a good life for granted
and that it only results of hard work and proper investments, the sacred alliance of science and capitalism, be it for an
individual or else at the level of societies. Among other new and real challenges had appeared a whole ensemble of
bacteria  resistant  to  any  sort  of  anti-biotherapies,  which  had  made  even  the  simplest  surgical  operations  nearly
impossible and had reminded us of the harshness of the fate of Napoleonic era soldiers who could just see their legs
and hands chopped away for minor wounds. Earth had taught us the hard way that it has a life of its own and that we
had been foolish to believe that  our «activities» could thwart  in  any way the course of  such a grand design,  the
Creation. Mankind was a derisory part of it, competing for a place to keep alive in the grand scheme of things, and the
fable about a frog who wanted to become as big as an ox, had been sadly forgotten.

This document tells this bemusing story, of how as early as 2020, an attentive observer could have had all the cards to
forecast, not the critical sea-rise levels, the death of the corals, the exponential rise of the temperature that will never
happen, but the self-destruction of the western economies and major shift to a new world order dominated by Asian
nations for the century to come.

Science has always been in a difficult position «Eritis sicut Deus, scientes bonum et malum» as the first biblical mention
of science occurs in the story of Eve’s temptation by the Serpent and must help separate the Good from the Evil.
Succeeding in this endeavor should not be taken for granted. Let’s make a try at it.

Moral of the story: given the large databases developed during the XX and XXI centuries nothing will be forgotten and
only those who have been genuinely and honestly mistaken will be forgiven.
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Things seem to be speeding up: in May 2019 the UK Parliament has declared climate emergency, and in June 2019 NYC
also declared a climate emergency. New York City Council passed a legislation, calling for an immediate response to the
global climate crises; the bill referenced several reports on the state of global warming and its impact, imparting that
extreme weather events brought about by rising temperatures demonstrate that the planet is "too hot to be a safe
environment"! Data from Innovation for Cool Earth Forum (ICEF, 2020) show that  more than 670 ruling bodies in 15
countries have declared climate emergencies.

If there is any emergency, it is to debunk this crazy fantasy that climate would have reached a tipping point that would
require to destroy our economies to avoid a catastrophe. Understanding how the climate has changed, from the distant
glaciations a billion years ago to the most intriguing and mind-boggling «green Sahara» some 6.5k years ago, has always
been one of the most challenging and intellectually rewarding endeavor of the geologists. Paleoclimate, coming along
with  paleogeography,  distant  plate-tectonics  motions  and  associated  orogeneses  have  always  fascinated  earth-
scientists and I remember as a student reading those reconstructions as fantastic stories that could only be matched by
the space-time journey that astronomy offered.

I would never have imagined though, 40 years ago, that by means of a strange hysteria hyper-focusing on just one of
the so many parameters driving the climate response (a harmless trace gas, i.e. CO2, the concentration of which has just
increased since the beginning of the industrial revolution by hardly more than 100 ppm, i.e. 0.01% of the atmospheric
total composition) and by resorting to mass conditioning of the population thanks to a host of activists relayed by one-
sided media, that we would have reached a tipping point; not the supposedly irreversible climate change but one that
will inflict incommensurable damage to our economies, industries and standard of living. Our great leaders are going to
ruin the prosperity of their own people for a second class theory, which is hardly more than one of the so many
possibilities to be considered and that ranks low into the very long list of factors that can and have changed the climate.
Furthermore, one should remember that the climate has always changed and quite a lot, on all timescales without any
anthropic  influence  whatsoever.  What  a  disaster  looming!  There  is  so  much  at  stake  with  the  planned  punitive
measures envisaged (i.e. taxes, regulations and more) to enforce a fantasy.

Up until 2007, some sort of opposition still could exist and make itself heard at the time the UN climate conference in
Bali  met strong opposition from a team of  over 100 prominent international  scientists,  who warned the UN, that
attempting  to  control  the Earth's  climate was  ultimately  futile. "Attempts  to prevent  global  climate  change  from
occurring  are  ultimately  futile,  and  constitute  a  tragic  misallocation  of  resources  that  would  be  better  spent  on
humanity's real and pressing problems," the letter signed by the scientists read. U.N. Secretary General Ban Ki Moon did
not answer nor met any of those scientists but argued «that global warming poses as great a threat to the world as
modern  warfare»,  and he vowed to make reduction of  greenhouse gases  one of  his  tenure's  top priorities.  Ban's
nickname was jusa (��), meaning "the administrative clerk" and was probably well deserved as without any scientific
training and no desire to listen to another perspective he took sides and he committed himself to making the IPCC’s
agenda move on. These times when some opposition could be voiced are gone (Morano, 2010), unfortunately, and it
has been harder and harder for people dissenting to exist as they have been discredited, threatened, fired or silenced.
In any case, do not expect the UN to accept some future responsibility in disastrous climate change policies outcomes;
e.g. when a lawsuit challenged UN legal immunity on behalf of Haitian cholera victims (UN peace keepers from Nepal
are said to be the source of the 2010–13 Haiti cholera outbreak), Ban declared that the legal immunity of the United
Nations before national courts should be upheld.

Does it make sense to write one more paper on the subject in 2020? Probably not! Will it change anything? Certainly
not! So what? In the end it will come down to individual responsibility, each scientist will have to chose side and I do
not want to share the blame for the self-inflicted damage and impoverishment of the young and future generations by
the insane policies that will be enforced. The doom-sayers, the alarmists have to know that beyond the short term glory
and comfortable means that  their  crusade bring them, they might  not  be alive when they will  have to face their
horrendous legacy on a longer term, but that they will not be forgotten nor forgiven, except for those who have truly
deceived and deluded themselves in trusting their computer models, believing that they had come close to some sort of
reality even though they knew that they had had to «reduce» their input data so much in order to try to make their
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computerized fantasies somehow match in hindsight the observed reality as it keeps unfolding in ways that their dire
predictions did not account for.

Albert Camus said in the Plague (1947, p. 151): «it is not a question of heroism in all this. It is about honesty. It's an idea
that can make you laugh, but the only way to fight against the plague is honesty».

Each one of  us who disagrees must  voice his  /  her concerns and not be worried of  the disparagements that will
inevitably come along, not underestimating the violence of the priests of the new religion. Of course, what I’m going to
write has no chance to be published going through a peer-reviewed process and will probably lead to ad-hominem
attacks, but until the dreams of the crusaders come true, and they manage to censor the Internet of any dissenting
opinion as «fake news», I will make use of the possibility to honestly develop and prop-up my thoughts and make them
available to the widest audience possible. I do not claim to detain any certainty but when there remains so many
doubts about what influences the climate, when knowledge is still so much in its infancy - and any scientist being
honest should and could acknowledge that - it is a mere folly to enforce brutal choices by political means, that will hurt
the most and mainly the poor who hardly make ends meet, by increasing the cost of energy.

We need to backtrack a bit as until the beginning of the 20th century, climate was seen as stable over timescales that
could be relevant for humans and it was just a matter of making a sufficient number of observations to identify a mean
and deviations.  Lamb (1959) was probably the first to emphasize that climate was ever changing and that it did not
make sense to consider it as stable and already recognized seven distinct climatic changes since the last major ice age.
This was a big change of paradigm as it acknowledged that the climate could change and had changed a lot, sometime
on short  timescales.  He described in «Our changing climate,  past  and present» (Lamb, 1959)  the following major
episodes:
1. The last major ice sheet disappeared from Scandinavia, and glaciers from Britain, somewhere about 8000-7000 B.C.
2. By 4000-2000 B.C. the post-glacial Climatic Optimum had been reached with world temperature 2-3° higher than

now.
3. Decline from the Climatic Optimum was at first gradual but became abrupt and accompanied by catastrophe to

some of the human civilizations of the time about 500 B.C.
4. There was a secondary optimum of climate between 400 and 1200 A.D., the peak probably being 800-1000 A.D. This

was on the whole a dry, warm period and apparently remarkably storm free in the Atlantic and in the North Sea.
5. Decline set in again. The period 1200-1400 A.D. contained some remarkable climatic instability in western Europe

with great floods and droughts, notably severe and notably mild winters.
6. The period 1400-1550 was one of partial recovery.
7. The period from 1550 to about 1850 has been called the Little Ice Age. The glaciers of Europe reached their most

advanced positions since the Ice Age ...and evidence suggests that by 1780-1800 the ice commonly extended more
than half way from Greenland to Norway and affected the coasts of Iceland for much of the year.

And he added: «Interest in the subject of climatic change was aroused once the considerable warming of our climate in
most seasons of the year from the 1890s to the 1930s and '40s became obvious to all. As a matter of fact, I find that this
trend was quite clearly recognized in a discussion in the Society as early as 1911». (Lamb, 1959).

Obviously at that time it was acknowledged that climate had changed a lot over the course of the previous 8000 years,
that a significant warming had taken place since the end of the Little Ice Age (LIA), but it did not dawn on anybody mind
that mankind could have any responsibility in that matter and it took some more years before some started to wonder
whether some of those changes could be related to man-made activities (e.g.  land usage, aerosols, pollutants and
greenhouse gases), a strange idea to some as Tim Ball.

“Climate change has happened, is happening and will always happen. Contrary to the message of the last thirty years,
current rate of climate change is well within the bounds of natural variability. Thus, a perfectly natural phenomenon
became the biggest deception in history” Tim Ball.

Some other scientists, acknowledged for their immense achievements and vast knowledge in so many fields, just prefer
to remain modest: «The climate of the earth is an immensely complicated system and nobody is close to understanding
it.» Freeman Dyson

Being modest is certainly the right approach to understanding why climate science has become so controversial.
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«Thus, a theory can very well be found to be incorrect if there is a logical error in its deduction, or found to be off the
mark if a fact is not in consonance with one of its conclusions. But the truth of a theory can never be proven. For one
never knows if  future experience will  contradict  its  conclusion;  and furthermore there are always  other conceptual
systems  imaginable  which  might  coordinate  the  very  same  facts.  When  two theories  are  available  and  both  are
compatible with the given arsenal of facts, then there are no other criteria to prefer one over the other besides the
intuitive eye of the researcher. In this manner one can understand why sagacious scientists, cognizant of both -theories
and facts- can still be passionate adherents of opposing theories.» (Einstein, 1919).
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«Climate has always changed. It always has and always will. Sea level has always changed. Ice sheets come and go. Life
always changes. Extinctions of life are normal. Planet Earth is dynamic and evolving. Climate changes are cyclical and
random. Through the eyes of a geologist, I would be really concerned if there were no change to Earth over time. In the
light of large rapid natural climate changes, just how much do humans really change climate?» Ian Plimer

«The hypothesis that human activity can create global warming is extraordinary because it is contrary to validated
knowledge from solar physics, astronomy, history, archeology and geology» Ian Plimer cited by Delingpole (2009a).

Climate science is supposed to be a recent discipline which did not really exist when I went to the university. As far as
things  happen  to  be  organized  in  France,  the  keyword  "climatology"  is  one  of  the  55  which  define  the  field  of
application of  teaching and research within the framework of  section 23 "Physical,  human, economic and regional
geography" of the National Council of Universities. As much as the universities know how to define and possibly recruit
the skills of a mathematician, a physicist, a chemist, a geologist, a geochemist, a biologist, a geographer, climatology
appears more mysterious as it was placed  together with 54 other specialties under the heading of “Geography”. How
many authors of the reports of the IPCC justify a thesis in climatology? IPCC writers have generally done their theses in
other  disciplines  and  have  taken the climate bandwagon,  which  has  become highly  politicized,  promising  credits,
budgets, contracts, travel, honors and promotions. Arrhenius, winner of the Nobel Prize in Chemistry in 1903, who is
generally and rightfully credited with the authorship of the regrettable atmospheric greenhouse effect idea, was not a
"climatologist".

Therefore, most of the prominent scientists in the field have graduated from well established sciences, for example just
to name a few in alphabetical order, sorry for the hundreds forgotten, e.g. Vincent Courtillot (geophysicist), James
Hansen (Physics and Mathematics / Astronomy / Physics), John T. Houghton (1931-2020) (Atmospheric Physics), Phil
Jones (Engineering Hydrology / Hydrology), Richard Lindzen (Physics / Applied Mathematics), Michael Mann (applied
mathematics  and physics  /  Geology and Geophysics),  Ian  Plimer (Geologist),  Roger  Revelle  (1909-1991)  (geology /
oceanography), Fred Singer (1924-2020) (electrical engineering / physics) and not from «Climate Science». One would
argue that they created climate science, but in fact it would be more reasonable to think that assessing past, present or
future climates requires such a host of expertise in so many fields that no single individual can entirely really master
them all.

So many parameters have an influence on the Earth’s climate and certainly not being exhaustive, one could mention
the cyclical variation of the Earth's orbit (i.e. axis inclination, precession 7, variations of orbital eccentricity), solar cycles
and activity, cloud cover and nucleation processes, oceanic oscillations of all sorts, land usage and over longer periods
cataclysmic volcanic  activity  like Deccan traps (eventually  on carbonated substrate),  clathrate release mechanisms,
distribution and drift of continental masses, even the crossing of galactic dust clouds or arms, etc. and I am omitting
many, all combining on different timescales, that one can legitimately wonder whether an additional 100 ppm of CO2

(i.e.  0.01%  of  the  overall  atmospheric  composition)  -  generating  a  supposed  +1,6W/m2  overall  anthropogenic
imbalance (if it really does, in case negative feedbacks have not been underestimated, e.g. Iris effect) - is the driving
force of the Earth’s climate ?

7 https://en.wikipedia.org/wiki/Precession 
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«To reduce modern climate change to one variable, CO2, or a small proportion of one variable - human-induced CO2 - is
not science. To try to predict the future based on just one variable (CO2) in extraordinarily complex natural systems is
folly.  Yet  when  astronomers  have  the  temerity  to  show  that  climate  is  driven  by  solar  activities  rather  than  CO2

emissions, they are dismissed as dinosaurs undertaking the methods of old-fashioned science». Ian Plimer

Having said that and having further quoted Ian Plimer will undoubtedly lead to a massive flow of critics, including those
usually drawn against the signatories of the « Petition Project » (Robinson et al., 2007), summarized as « but most of
these people are not  climate scientists ».  Therefore,  I  will  shortly remind my background and though, not  strictly
speaking a climate scientist, originally being a geochemist by training, I consider that I do not deserve to be silenced - as
is often the case for people expressing divergent opinion - by climate activists having simply no scientific training at all. I
graduated with a M.Sc. in 1981 (geology), got a Diplôme d’Etudes Approfondies at the Ecole des Mines de Paris / Nice
University (geophysics, geochemistry and remote sensing) and obtained a State Doctorate Degree, i.e. Doctorat d’Etat
ès Sciences (D.Sc.) in 1986 (Poyet, 1986) at INRIA (French National Institute for Research in Computer Science and
Control)  / Nice University (France)  in  geomathematics and geoinformatics.  Given the importance taken by climate
simulation systems (i.e. software) I will stress that most of my professional career was devoted to Applied Computer
Science in various domains like:

� Geochemistry, Hydrogeology, expert-systems in Earth and Planetary Sciences, e.g. (Leymarie and Poyet, 1983;
Poyet and Leymarie, 1983; Poyet, 1986; Poyet and Detay, 1988a-b-c; Poyet and Detay, 1989a-b-c, 1990; Detay
et al., 1989; Detay and Poyet, 1989; Detay and Poyet, 1990a-b-c-d; Detay et al., 1991; Poyet, 1992; Poyet and
Detay, 1992),

� Simulation and Defense Systems, e.g. (Poyet, 1987; Poyet et al.,  1987; Poyet, 1988;  Poyet and De La Cruz,
1988; Poyet and Haren, 1988; Poyet et al., 1989; Tomasini et al., 1991),

� Applied Artificial Intelligence, e.g. (Poyet and Delcambre, 1989, 1990; Poyet, 1990; Poyet et al., 1990, 1991,
1992; Debras et al., 1991),

� Computer and Software Integration in Construction, Manufacturing and Design, Concurrent Engineering and
Virtual Enterprises e.g. (Poyet, 1993; Tolman and Poyet, 1994; Poyet, 1994; Poyet and Dubois, 1995; Poyet et
al., 1995, 2002, 2004; Poyet and Monceyron, 1997a-b; Monceyron and Poyet, 1997; Poyet and Zarli, 1997,
1999; Sandakly et al., 2001; Zarli et al., 1997; Zarli and Poyet, 1999a-b, 2017),

� Finance and Trading, e.g. (Poyet and Besse, 2005a-b; Poyet, 2012),
� Astronomy and Planetology, e.g. (Poyet, 1982, 1985, 2014, 2017a-b, 2019; Poyet et al., 2014).

I have been interested in comparative planetology for a very long time (Poyet, 1982, 1985) and since 2015, I have been
working on computing double stars' orbits (Poyet, 2017a-b, 2019) but also studying paleo-climates, climate drivers, and
natural climate change, and this e-Book represents the compilation of my efforts on this last subject. My friends refer to
me as a polymath, my foes as a “touches everything”, the truth must be in between. I always try to gather enough
knowledge on any given subject I work on as to have a large perspective on it and avoid too narrow of a specialization
that would blur the broad picture. That's also why, given the thousands of papers I have read on the climate subject
and the past experiences I have in deploying computer systems in so many domains, I dare express my views of what
has become a controversial  domain, a real mine field if one does not stick to the one-sided dominant thinking. But I
consider that I have done more than my homework to be entitled to an opinion and I should not be blamed for doing
my best to express it clearly. 

The entire climate science rests on the credibility of computer models, and that's a good thing, because beyond my
initial training in Earth and Planetary Sciences, that's what I have done my entire life: applied computer science. Be it
for the modeling of geochemical or hydro-geochemical anomalies and the spreading of various species and compounds
in  the  aquifers,  for  the  physics  of  undersea  sound  propagation  used  to  derive  bathymetric  models  required  for
submarine  simulation  warfare,  for  Kalman  filter-based  carrier  motion  simulation  to  facilitate  A.I.  assisted  aircraft
landing, for missile handling and target motion analysis and pursuit, for underground water modeling to ensure village
water supply in Africa (e.g. North Cameroon), for data and software integrated models in construction and engineering,
for CAD representation and exchange, for computing double stars orbits, etc., computer models are always the same:
just models that strive to stick to reality, mimicking somehow some properties of the real world. But the more complex
the system modeled is, the less it can pretend to accurately represent the reality.

Earth System Models (ESMs terminology is used here in its most generic sense), are undoubtedly the most complex
endeavors one can think of, if not simply the most, and they are well worth it, provided one remembers that they are
completely unsuited for making any climate forecasting. Using the same physics, the same numerical methods and
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technologies, the same ultra-fast parallel computers, one notices that making 15 day meteorological previsions is hard
enough facing an extraordinarily complex non-linear and chaotic Earth system. Neither heat-waves e.g. (Nakamura et
al., 2005; Weisheimer et al., 2011; Stéfanon, 2012) nor floods (CNRM, 2020a) have successfully been forecast 15 days
ahead, and as the climate is the sum over 30 years minimum of such phenomena and many other common events,
including a decent account of precipitations also at regional scales (Koutsoyiannis et al., 2008) and obviously monsoons
and ENSO-like oscillations (see p. 170), one gets a sense of the gap to face to address climate modeling.

Let's keep our feet on the ground and not delude ourselves believing in models just because they are the result of
sophisticated computer runs, let's remember belief is not science, and the results are not more credible because they
were produced by a computer any more than an information is more reliable because it was seen on TV! It is also a
shame to bet on the public gullibility to sell baseless climate horror stories. Hollywood have excellent science fiction
scenarios and do an excellent job, there is no need to add any further to their achievements.

As a summary,  my understanding of  climate change is  driven by my knowledge in geology,  geochemistry,  remote
sensing, data analysis and processing, applied computer science and my experience of the design and implementation
of computer models and systems as a professional computer scientist for decades and my very long standing keen
interest in astronomy and comparative planetology. I’ll try to use my diverse scientific skills and some common sense to
ask some good questions. Climate has been warming since the end of the Little Ice Age (LIA). The question is to try to
assess whether CO2 is the only driver of that change, just one of the many reasons of it, or if it even plays a significant
role at all… Questioning this statement goes against what is the supposedly well  established consensus. What is a
consensus?

����� �������������

Let’s start with an anecdote: the consensus was so much prevalent and science settled that the managers of Glacier
National Park, a large wilderness area in Montana's Rocky Mountains with glacier-carved peaks and valleys running to
the Canadian border, had decided to post signs stating that «glaciers will be gone by 2020» as an «inconvenient truth»
to be displayed everywhere in the national park to warn the visitors of these dire predictions. Since the early 2000s
scientists had analyzed data, stating glaciers would massively recede by 2020. Unfortunately the «inconvenient reality»
is that the consensus was horribly wrong and the latest research shows that the glaciers are shrinking (to be checked by
how much), but in ways much more complex than what was predicted. Because of this, the park must update now (in
early 2020) signs stating all glaciers will be melted by 2020, the indoor and wayside exhibits have also been updated
including at the Apgar, Logan Pass and St. Mary visitor centers (Kurzmen, 2020).

The wager made sense as glaciers are demonstrating an extremely rapid response to climate change and since the end
of LIA, most of them have been receding, some at an alarming rate as early as the 1855 (Nussbaumer et al., 2011; Fig. 4
and 5), and e.g. Trutat stated in 1876 «Since I have been exploring the Pyrenees, I see the glaciers melt before my eyes
and in the Lys valley and in the area of Oo, they are receding at a frightening speed» (Trutat, 1876) as reported by
(René, 2011). Alpine glaciers, including for example Aletsch8 and Morteratsch among the largest glaciers in the Alps, but
also many others in all locations, e.g. Storbreen in Norway (Jaworowski, 2003), have equally all been receding at the
same period indicating that Trutat’s observations were not local anomalies (Akasofu, 2011). It is asserted that in some
cases the reasons for these extraordinary retreat at the end of LIA might be a decrease of winter precipitations more
than a summer months warming (Vincent, 2010). It is noteworthy that glaciers in the Andes have also been receding
since the end of LIA as well (Jomelli et al., 2009) demonstrating that this warming has been global and is ongoing. It is
noteworthy that all  these observations were made long before the industrial  age at  a period when anthropic CO2

released so far was negligible. This is confirmed for example, by  Ramanathan et al. (1987) «Furthermore, inferences
based on gases trapped in ice cores suggest that the increase in CO2 and CH4 is not a recent phenomenon but began
before the middle nineteenth century». Also of interest is the fact that these Alpine glaciers were 3300 years ago even
of a more limited extension than today (Holzhauser et al., 2005), e.g. Aletsch being shorter of one km, indicating that
the current climate is not exceptional.

The consensus is a mere non-sense in science and resorting to it all the time as an argument of authority to support the
AGW theory is in itself an alarming signal. When an hypothesis or a theory can be proved or otherwise invalidated by

8 Records state that in 1892 the glacier was shrinking by 20 m year–1, a rate similar to that calculated for the past 140 years as
reported by Dent (2004).
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means of legitimate scientific  methods, there is  no need to bully or  intimidate people with an alleged consensus.
Aristarchus of Samos (c. 310 – c. 230 BC) was an ancient Greek astronomer and mathematician who presented the first
known heliocentric model and Eratosthenes of Cyrene (c. 276 BC – c. 195/194 BC), is best known for being the first
person to calculate the circumference of the Earth (Eratosthenes' method to calculate the Earth's circumference has
been lost; what has been preserved is the simplified version described by Cleomedes using angular relationships and
distances between Alexandria and Syene, modern Assuan) but his calculation was remarkably accurate. He was also the
first  to calculate  the tilt  of  the Earth's  axis,  once again  with  remarkable  accuracy.  Additionally,  he  calculated the
distance from the Earth to the Sun. This knowledge, the incredible legacy of only two men, represented extraordinary
advances for  the time,  but  Plato,  Aristotle,  and Ptolemy preferred the geocentric  model,  which  was  held  as  true
throughout the Middle Ages and represented the consensus for centuries enforced by extreme persecutions by the
catholic inquisition, until the heliocentric theory was revived by Copernicus, after which Johannes Kepler described
planetary motions with greater accuracy with his three laws which are still used as the basis for computing orbits and
double stars’ orbits in particular (Poyet, 2017a-b).  Climate science has become the religion of our time: The analogy
with religion is taken literally; theologians declared that they could not clearly define what is God, but in his name they
dictated rules of conduct to men and did not hesitate to burn heretics. Climate Scientists admit they don’t know exactly
how the entire climate system works nor how reliable their predictions are, but they pretend to decide how human
beings shall live.

Interestingly enough, the consensus with climate change,  if  it  makes any sense as previously said, was in favor of
cooling in the early 1970s  with hundreds of frightening papers and videos9 (Cordato, 2013)  as carefully analyzed by
McFarlane (2018).  The major risk for mankind is certainly more a global and severe cooling (Roberts, 1975)  than a
global warming as rightfully Kukla (2000) pointed out as the configuration of the Sun and Earth is fast approaching what
it was 116,000 years ago when the last interglacial period ended and while the annual mean temperature on Earth is
now rising, polar mean temperatures remain steady and ice fields in the upper elevations of Greenland are actually
expanding. Ice ages begin building at the poles thousands of years before their effects are felt elsewhere (Kukla et al.,
1997;  2002)  as suggested by the study of  the Eemian (i.e.  130,000 yr  B.P.  and end at  116,000 yr  B.P.).  Thus,  the
important  indicator  of  impending  glaciation  may  not  be  global  mean  temperature  so  much  as  the  temperature
difference between the poles and the equator, the larger the difference the stronger the probable flow of water vapor
from the tropics toward the poles, where it would fall as snow to feed the growing ice fields. Even moderate cooling is a
much greater risk and direct threat to mankind survival than warming and one should remember Trevelyan (1942, p.
432) saying: «The last half dozen years of Williams's reign (i.e. the 1690s) had been the 'dear years' of Scottish memory,
six consecutive seasons of disastrous weather when the harvest would not ripen. The country had not the means to buy
food from abroad, so the people had laid themselves down and died. Many parishes had been reduced to a half or a
third of their inhabitants».

Kukla (1930-2014) is definitely remembered as a «contrarian climate scientist» in fact geologist, but the irony is that
coming from behind the curtain wall (Czechoslovakia) and immigrating to the land of the free, Kukla was the very first
with his fellow colleague Robley Matthews of Brown University to call on the government for intervention through a
letter  dated  December  3rd,  1972  they  sent  to  President  R.  Nixon.  By  February  1973,  the  State  Department  had
established a Panel on the Present Interglacial,  which advised Drs.  Kukla and Matthews that  it  "was seized of  the
matter" and numerous other government agencies were soon included10. Probably, Kukla had not read «Capitalism and
Freedom» by Milton Friedman and behaved as a statist, a legacy of his origins, leading to the first grip that politicians
and the administrations worldwide would exert over science to bend it to their agenda in controlling minds, fears and
voters on that issue of this new «climate science».

The installment of a non scientific international organization, i.e. UN/IPCC as the only supposedly knowledgeable body
in that matter proved extremely efficient to later silent all diverging views, moreover leveraging on mainstream media
with ad-hominem papers written by journalists with no scientific training at all and having the gall to question the
credentials of the most prominent researchers as Richard Lindzen for example (Huet, 2016) or to publish a book to
denounce an impostor (Huet, 2010) in the case of Claude Allègre who received the Crafoord prize in 1986 for his
exceptional scientific career.  Of course, given these exceptional attacks only typical of political feuds, which is not
surprising from Huet as he is a well known far-leftist activist journalist, most other dissenting scientists stick to a low
profile and apply voluntary self-censorship. At that point, science is dead and only remains politics for the worse, i.e.
political constructivism and punitive tax regimes, e.g. carbon tax. The answer to Huet, will be two Lindzen’s quotes:

9 https://www.youtube.com/watch?feature=player_embedded&v=1kGB5MMIAVA#! 
10 This led to creation and full operation of NOAA’s Climate Analysis Center in 1979 (Reeves and Gemmill, 2004).
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“The public discourse on global warming has little in common with the standards of scientific discourse. Rather, it is part
of political discourse where comments are made to secure the political base and frighten the opposition rather than to
illuminate issues. In political discourse, information is to be 'spun' to reinforce pre-existing beliefs, and to discourage
opposition.” Richard Lindzen

“Scientists who dissent from the alarmism have seen their grant funds disappear, their work derided, and themselves
libeled as industry stooges, scientific hacks or worse. Consequently, lies about climate change gain credence even when
they fly in the face of the science that supposedly is their basis.” Richard Lindzen

The IPCC was created in 1988 (WMO/UNEP, 1988) by the World Meteorological Organization (WMO) and the United
Nations  Environment  Programme (UNEP),  the objective  of  the  IPCC is  “to provide  governments  at  all  levels  with
scientific information that they can use to develop  climate policies”.  This further led to the creation of the United
Nations Framework Convention on Climate Change (UNFCCC), the key international treaty11 to reduce global warming
and cope with the consequences of climate change. The UNFCCC entered into force on 21 March 1994. All that without
any scientific proof of any man-made influence on climate. WMO is a fervent supporter of the computerized climatic
fantasies (see p 242), which have created a new business for meteorologists who had had to acknowledge their inability
to deliver medium term predictions (in fact beyond 15 days) and astutely fell back on developing meaningless “climate
scenarios”. At least WMO achieved an amazing feat: while unable to say anything about the weather more than 15 days
in advance they have deluded people to believe that they know what the climate will be in decades or centuries. They
have the gall to call that “sensitivity studies”! Here again we have a lack of understanding of basic science. If a theory,
AGW in this case, is not able to make predictions, it is protected against any attempts at refutation. It is therefore not a
scientific theory (Sidiropoulos, 2019a), that's as simple as that. As rightfully pointed out to me by J.-C. Maurin12 “the
opposition between 'climatologists' and 'climato-skeptics' is in reality an opposition between ignorant people who think
they know, i.e. the 'climatologists' and ignorant people who are aware of their ignorance, i.e. the 'climato-skeptics'”. But
as I have come to know the 'climatologists' too well for having argued with them so many times over 'Researchgate'
forums, they will reply: “ignorant, us? Talk for yourself!”.

Furthermore, everybody should understand that the excess of CO2 is certainly not a risk, the real risk is a depletion of
CO2 under  say  150  ppm as  this  would  stop  photosynthesis  and  end  life  and  the  world  as  we  know  it.  As  CO2

concentration has had a tendency to decrease steadily  through geological  times for all  the prevalent  geochemical
processes at work, some have surmised that the release of CO2 through the industrial age could have earned us some
time before the interglacial ends and the natural and ultimate demise of life on this planet happens. If you think that I
am overly pessimistic, Moore (2016) is not far from that, stating “If humans had not begun to use fossil fuels for energy
(...) it is reasonable to assume that atmospheric CO2 concentration would have continued to drop as it has for the past
140 million years,” perhaps to levels so low during the next glaciation period as to cause “widespread famine and likely
the eventual collapse of human civilization. This scenario would not require two million years but possibly only a few
thousand” (Moore, 2016) p. 16-17. Moore (2016) adds “Human emissions of CO2 have restored a balance to the global
carbon cycle, thereby ensuring the long-term continuation of life on Earth”. But, as I was reminded by Veyres13, man-
made emissions are dwarfed by natural sources (for their formal expression, see Equation 3, p.19), thus Moore's vision
is granting again much too large of an importance to our role on this planet, another sort of an anthropomorphic sin
opposite to that of the AGW itself.

Not only is science not settled but objecting to the catastrophic narrative promoted by some to fund their research and
reused by politicians to threaten our fundamental freedoms is the right of every informed person, including questioning
why so many resources are diverted from far more pressing world problems which have been looming for decades such
as rampant diseases (e.g. malaria), potable water availability (Poyet and Detay, 1989) and water supply (Poyet and
Detay, 1992), (Detay, 1997), sanitation and malnutrition and mull on the legitimate best usage of tax payer monies, as
Lomborg did in many of his writings, e.g. (Lomborg, 2007; 2020a-b). This was also very well stated by Crichton (2009)
“In  my  view,  our  approach  to  global  warming  exemplifies  everything  that  is  wrong  with  our  approach  to  the
environment. We are basing our decisions on speculation, not evidence. Societies are morally unjustified in spending
vast sums on a speculative issue when people around the world are dying of starvation and disease”. But, it is not just
starvation and disease, and as noted by Veyres “Problems usually come from corrupt  governments that keep their

11 Climate policies, treaties, etc. All that bears no relationship with science, obviously it all politics.
12 Personal communication on December 10, 2020. See footnote 473.
13 Personal communication on December 8, 2020. I am so much indebted to Camille Veyres, not to mention his careful reading of

the manuscript.
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subjects in a state of backwardness. The many Asian countries that have gone above 20,000$ GDP per capita thanks to
industrialization and training have electricity and running water and a medical system that ensures that life expectancy
has increased by 5 years for each doubling of the GDP per capita” see note above.

«I  gave  a  talk  recently  (on  fallacies  of  global  warming)  and  three  members  of  the  Canadian  government,  the
environmental cabinet, came up afterwards and said, ‘We agree with you, but it’s not worth our jobs to say anything.’
So what’s being created is a huge industry with billions of dollars of government money and people’s jobs dependent on
it», Dr. Tim Ball, Coast-to-Coast, Feb 6, 2007

There is now a powerful and very extensive body of vested interests supporting AGW: governments which intend to use
‘global warming’ as an excuse for greater taxation, regulation and protectionism; energy companies and investors who
stand to make a fortune from scams like carbon trading; charitable bodies like Greenpeace which depend for their
funding on public anxiety; environmental correspondents who need constantly to talk up the threat to justify their jobs,
research labs and scientists knowing where to side to get fundings, etc. So the consensus is the show must go on!
Consensus carries no scientific value. It belongs to politics. Unfortunately as we will detail in the section «deceitful
policies» being pursued, the activists’ fight to enact a worldwide climate state of emergency reminds us that we’re all in
it. When the European parliament in Nov. 2019 declared a global “climate and environmental emergency”, urging all EU
countries to commit to net zero greenhouse gas emissions by 2050, some EU MPs rightfully stated that it reminded
them of the Emergency Decree for the Protection of the German People, issued on 28 February 1933, which permitted
the suspension of the democratic aspects of the soon-to-disappear Weimar Republic.

As a summary let me quote Frank (1994): “Also, in scientific discussions sometimes the sentiment of the "generally
accepted view of the scientific community" is heard - as if verification or falsification of scientific hypotheses is a matter
of majority vote. There are many historic examples when the common belief, the majority of those who knew, hindered
true  progress.  Derogatory  statements  about  a  person's  scientific  reputation  are  least  helpful.  Often  the  less  firm
arguments are, the more is the interpretation based upon scientific 'authority through majority'  “. The worst about the
meaningless “consensus” has probably come recently as Cook14 et al. (2018) desperately try in a political document to
convince people of the importance of it, and of being a “climate scientist”, observing that the main author has a PhD in
cognitive  science,  i.e.  philosophy,  psychology,  linguistics,  anthropology.  A  decade  ago,  Morano  (2010)  provided  a
compilation of more than one thousand prominent scientists who dissented with the so-called consensus, see also
(Plimer, 2019).

To conclude, as it  says everything in one sentence, I  will  quote Legates et al.  (2015) who reporting on intentional
agnotology having a deliberate intent to deceive, state “The 97.1 % consensus claimed by Cook et al. (2013) turns out
upon inspection to be not 97.1 % but 0.3 %. Their claim of 97.1 % consensus, therefore, is arguably one of the greatest
items of misinformation that has been circulated on either side of the climate debate.”

“The work of  science has  nothing  whatever to do with consensus.  Consensus  is  the business of  politics.  In science
consensus is irrelevant. What is relevant is reproducible results. The greatest scientists in history are great precisely
because they broke with the consensus. There is no such thing as consensus science. If it’s consensus, it isn’t science. If
it’s  science,  it  isn’t  consensus.  Period. (...)  I  would  remind you to notice where  the  claim of  consensus  is  invoked.
Consensus is invoked only in situations where the science is not solid enough. Nobody says the consensus of scientists
agrees that E=mc2. Nobody says the consensus is that the sun is 93 million miles away. It would never occur to anyone
to speak that way.”- lecture on January 17, 2003 at the California Institute of Technology titled “Aliens Cause Global
Warming” by Michael Crichton (2003) also reported in (Perry, 2019b; Youngren, 2019).

“To me consensus  seems to be —the process of  abandoning all  beliefs,  principles,  values and policies in search of
something in which no-one believes, but to which no-one objects. —the process of avoiding the very issues that have to
be solved, merely because you cannot get agreement on the way ahead.” - Margaret Thatcher (1981)

No doubt that Margaret Thatcher knew what politics is about, thus no wonder she is an expert at defining “consensus”.

14 https://ise.gmu.edu/faculty-directory/john-cook/ 
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Strangely enough, Fourier (1824, 1827) is widely recognized as the «father» of the greenhouse effect although he never
called it that way and he wisely acknowledged that the actual mechanisms that determine the temperatures of the
atmosphere included mainly convection15. Based on his work and Tyndal’s (1859), Arrhenius (1896) developed what is
undoubtedly a close way of thinking to what is unfortunately referred to as the «greenhouse effect» today.  «One may
now ask, how much must carbonic acid vary according to our figures, in order that the temperature should attain the
same values as in the Tertiary and Ice ages respectively ? A simple calculation shows that the temperature in the arctic
regions would rise about 8° to 9°C., if the carbonic acid increased to 2.5 or 3 times its present value. In order to get the
temperature of the ice age between the 40th and 50th parallels, the carbonic acid in the air should sink to 0.62-0.55 of
its present value (lowering of temperature 4°-5° C.)». Arrhenius (1896) p. 268.

The ink of the first paper published by Arrhenius was not yet dry that Ångström (1900) disagreed with the computations
made by the former, one of the reasons being that Ångström had already noticed that the absorption by carbon dioxide
of the infrared radiation increases very little with its concentration and this did not bode well  for the new theory
(Arrhenius  proposed a  base-2 logarithmic law to  account for the influence of  atmospheric CO2 on  Earth’s surface
temperature).  Ångström had published the first  modern infrared absorption spectrum of CO2 with two absorption
bands,  and  published  experimental  results  that  showed  that  absorption  of  infrared  radiation  by  the  gas  in  the
atmosphere was already saturated so that adding more makes no difference, which is still confirmed by all laboratory
experiments.

At least Arrhenius recognized that “By the influence of the increasing percentage of carbonic acid in the atmosphere, we
may hope to enjoy ages with more equable and better climates, especially as regards the colder regions of the earth,
ages when the earth will bring forth much more abundant crops than at present, for the benefit of rapidly propagating
mankind” which was a much more positive stance with respect to this gas of life than the prevailing posture today.

What’s  so funny with  Arrhenius’  paper (1896),  and I  strongly  encourage anyone who has not  done so,  to read it
carefully to the end, is that the very foundation of his carbonic acid centric theory is based on the work of the Italian
meteorologist  L.  De  Marchi  whose  entire  set  of  conclusions  have  been  totally  proven  wrong  by  one  century  of
established science.

Let’s go back to Arrhenius’ paper:

«Has  no  one  hitherto  proposed  any  acceptable  explanation  for  the  occurrence  of  genial  and  glacial  periods  ?
Fortunately, during the progress of the foregoing calculations, a memoir was published by the distinguished Italian
meteorologist L. De Marchi which relieves me from answering the last question. He examined in detail the different
theories hitherto proposed-astronomical,  physical,  or geographical,  and of  these I  here give a short résumé. These
theories assert that the occurrence of genial or glacial epochs should depend on one or other change in the following
circumstances:-

15 see page 586 of this 1824 memorandum: de Saussure's (1779-1796) apparatus known as the Héliothermomètre (1767, 1774)
described by Sigrist (1993) p.37-38 and p. 59-76 (even though the explanation p.76 is very misleading), is a distant forerunner of
the modern solar flux measuring devices which were born with the pyrheliometer of Pouillet (1838), see Snow (2015); Fourier
clearly indicates (p. 586) that it is the movement of air (we would say convection) which is prevented by the glass; p. 587 he
states “la température est augmentée par l'interposition de l'atmosphère parce que la chaleur trouve moins d'obstacle pour
pénétrer l'air à l'état de lumière qu'elle n'en trouve pour repasser dans l'air lorsqu'elle est convertie en chaleur obscure” "[the
temperature is increased by the interposition of the atmosphere because the heat finds less obstacle to penetrate the air in the
light state than it finds in the air when it is converted into dark heat]" gives an account of the absence of clear concepts on the
electromagnetic waves discovered forty years later and the hypothesis, still accepted by Arrhenius, of a solid ether where light
propagates, with a conduction of heat as in a solid. This thermal conductivity of solid bodies is included in the Fourier heat
equation. For Fourier, it is the contact between two bodies (solids or similar) that allows heat transmission. Fresnel's memoirs
rejecting the corpuscular theory in favor of the wave theory and introducing the polarization of light date from 1815 -1822 but
the nature of dark heat was probably not yet understood.
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(1) The temperature of the earth's place in space.
(2) The sun's radiation to the earth (solar constant).
(3) The obliquity of the earth's axis to the ecliptic.
(4) The position of the poles on the earth's surface.
(5) The form of the earth's orbit, especially its eccentricity (Croll).
(6) The shape and extension of continents and oceans.
(7) The covering of the earth's surface (vegetation).
(7) The direction of the oceanic and aérial currents.
(9) The position of the equinoxes.
De Marchi arrives at the conclusion that all these hypotheses must be rejected (p. 207).» Arrhenius (1896).

So based on the inexact statements made by an Italian meteorologist of all what we know today as having a major
impact on the Earth’s climate on various timescales, and just to quote a few (Milankovitch, 1949;  Hays et al., 1976;
Laskar, 1990; Laskar and Robutel, 1993; Dansgaard et al., 1993; Maslin et al., 2001; Marchitto et al., 2010; Mysak, 2010;
Scafetta,  2010;  Feynman  and  Ruzmaikin,  2011;  2014),  Arrhenius  established  his  carbonic  acid  centric  theory  on
completely flawed assumptions.  «I trust that after what has been said the theory proposed in the foregoing pages will
prove useful in explaining some points in geological climatology which have hitherto proved most difficult to interpret».
Arrhenius (1896).

In the end, Arrhenius who is a chemist, is being challenged in his very domain of competence by Ångström (1900) in his
paper «About the importance of water vapor and carbonic  acid in the absorption of the earth's  atmosphere» who
stresses the importance of water vapor and refutes the role granted by Arrhenius to the CO 2 as the absorption bands of
this molecule are totally saturated and any CO2 increase will not even produce the logarithmic response envisaged by
Arrhenius, i.e. value of the absorption is given by Arrhenius p. 238 as:
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with b=-0.0463 and c=-0.008204 determined by least squares where a represents the strength of a ray of the wave-
length λ expressed in µ after it has entered with the strength 1 and passed through the air-mass 1, Arrhenius formula
trying  to  match  Langley’s  measurements  (1884)16).  Furthermore,  when  Arrhenius  ventures  in  other  domains  of
competences than his, what he does best is to quote Högbom’s work on carbon cycles in nature (1894) whom has a
truly impressive understanding of those processes for the time. But Arrhenius completely fails, in what he calls in his
conclusion,  to  deliver  a  solution nor  even  a  reasonable  perspective  to  «geological  climatology»  by basing  all  the
arguments supporting his «carbonic acid centric theory» on the rantings of the Italian meteorologist Luigi De Marchi -
(De Marchi,  1895) Le cause dell'era glaciale -  who clearly ventures himself into «terre incognita» and peremptorily
denies without the slightest intuition everything that will be later demonstrated by the most prominent scientists of the
XX century as we’ve seen above.

As a side note, one should notice that Arrhenius’ calculations are for a glass suspended in a vacuum with terms for non-
radiative exchanges. The wavelength calibration of thermal infrared gas transmission measurements was based on the
deflection by a NaCl  prism whose index was,  in  1886,  measured up to 2.3  µm;  the linear extrapolation made by
Arrhenius (1896) of the wavelength as a function of the deviation between 2.3 and 16 µm is erroneous and correct
values can be found here17 and furthermore its CO2 and water vapor absorption profiles are completely false. The
correct formula is:
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16 Erren, H., 2003. The key paper on global warming written by Svante Arrhenius in 1896 relies on the infrared observations of the
moon as published by Langley (1890). The paper of Langley contains errors that were corrected in by Langley (1900) and Abbot
but this was after Arrhenius published his theory. Erren (2003a), re-calibrates Langley's original data with modern observations
and standard atmospheric models using modtran3 on-line radiation code.

17 http://www.crystran.co.uk/optical-materials/sodium-chloride-nacl
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Linear extrapolation of the index beyond 5 µm using 1.5191 -0.00312 (λ - 5) gives very different values around 10 and
15 µm. The use of the Arrhenius formula ("with one glass") with modern spectra of absorption of water vapor and CO 2

would reduce the heating "for a doubling of the ppm" at +0.22°C see note 18. As stated by Dufresne19 (2009) p. 27 “the
atmospheric absorption data used by Arrhenius do not contain the 15 µm band, which is the main absorption band for
CO2, the separation into the contribution of CO2 and H2O is very imperfect, and the absorption by CO2 is notably very
overestimated,  the  model  used gives  a temperature  increase  of  almost  zero  for  a  doubling  of  CO2 if  realistic  CO2

absorption values are used. This model is fundamentally unsuitable for estimating the temperature increase in response
to an increase in CO2”. The values given by Arrhenius of +5.5°C for a doubling of the ppm are therefore fortuitous which
does not prevent them from being said by many as "still relevant" !, e.g. (Ramanathan and Vogelmann, 1997) or that
elementary radiative models derived from them be used for software simulators, e.g. (Anderson et al., 2016).

One will further notice that the analogy made with the “green-house” was already refuted as early as 1909 by Wood
(1909),  see footnote  83, p.  73,  but is still  re-used “ad nauseam” by almost  every 'climatologist'  even though they
hopefully, most of the time know, that it is grossly irrelevant.

Whatever the reasons that made the climate cool from the warm medieval optimum to delve into one of the coldest
period of the Holocene, the Little Ice Age and reversely whatever the reasons why the climate has had to warm up from
this minimum to the very favorable conditions we have now20 (and that we should cherish instead of being worried
about), has nothing to do with our CO2 anthropogenic emissions as there were simply none at the time! When an idea
is called into question from the start and does not rest on solid physical and chemical bases, as immediately pointed it
out by Ångström and when this theory fails miserably to explain the two last noticeable climatic changes that we
observed and that are well documented, it must be recognized that it is simply a baseless guess. If it weren't for the
modern frenzy of the doom-sayers who started a prosperous business to scare the public and so many other vested
interests, the idea of Arrhenius would have remained for what it is, an old shibboleth as it was for more than 75 years…

18 See (among other sources) Erren (2003b), Arrhenius was wrong. Using Arrhenius with modern day spectra used by Erren (2003b),
T4 = K/(1 + ν ε)  where ν=1-albedo=0.61 and ε emissivity, follows K= 9540491123 for T=288.15 K (15°C), Thus [CO 2]ppm=370,
ε=0.6293, T°C=15 and for a doubling [CO2]ppm=740, ε =0.6223, T°C=15.22270447, i.e. + 0.22°C.

19 Translated from French with www.DeepL.com/Translator (free version), to provide as neutral a translation as possible.
20 A decent attempt to provide such an explanation is given by Pangburn (2018, 2020).
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One of the key arguments wielded by the alarmists is that the bulk of CO 2 emitted by fossil fuel usage has remained in
the atmosphere, will keep doing so for more than a century and that its ominous effect will be deferred and felt by the
future generations, therefore trying to put the blame on us right now so that immediate action be taken in order to
curb emissions ASAP, whatever  the dire  economic consequences might  be. This  does not  resist  even a quick fact
checking.

In fact, the flux out-gassed by warm oceans between the tropics and by the soils where organic matter decomposes is
of the same order of magnitude as the flux absorbed by cold oceans at high latitudes and by vegetation, but never quite
equal  because  these  absorbed  and  degassed  fluxes  depend  on  temperatures,  precipitation  and  winds  in  the
corresponding zones, and on the volume of vegetation which increases as per the carbon dioxide content of the air. The
ratio (annual stock / flux) of the atmospheric carbon stock (in the CO2 of the air) to the flux absorbed each year by the
vegetation and by the oceans at high latitudes is in the range of four to five, hence an average lifespan of a molecule of
CO2 in the air from 4 to 5 years. One fifth of the CO2 in the air is absorbed every year, roughly half by vegetation and the
other  half  by  cold  oceans  at  high  latitudes on their  surface;  almost  as  much  is  degassed by  the soils  where the
vegetation decomposes and by the warm oceans on their surface. It appears that fossil fuels make up only 6% of the
CO2 in the air (compared to 2% in 1958), the other 94% come from natural out-gassing of the oceans and soil, in billions
of  tonnes  of  carbon,  Gt-C  or  gigatons  of  carbon:  10  Gt-C  /  year  "fossils"  against  some 170  Gt-C  /  year  "natural
degassing" (Moranne, 2000).

As one fifth of the CO2 content of the air is absorbed every year, the carbon content of the air y(t) is a solution of the
differential equation (Veyres, 2018): dy/dt = f(t) – y(t)/5 or y(t) = 5 f(t) – 5 dy/dt, with f(t) input:
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This applies to both components, i.e. the natural and the anthropogenic (f(t) = 10 Gt-C/yr) parts of the carbon of the air
as the atmospheric processes do not make any difference between the two, how would they? The anthropogenic
component of the air is 5 yr x 10 Gt-C/yr – 5 yr 0,4 Gt-C/yr = 48 Gt-C = 23 ppm or 6%; the component from natural out-
gassing is 94%. Furthermore, Veyres (2018) adds «the natural out-gassing,  since 1958, went up from 62 ppm/yr to
almost 80 ppm/yr, while anthropogenic emissions went from 1 ppm/yr to 4.5 ppm/yr. Natural climate cycles drive the
temperature that drive the natural out-gassing, that provides today’s 94% of the CO2 of the air, and the total CO2 of the
air drives the absorption, always (1/5) of it».

The oceans contain the bulk of the circulating carbon, 38,000 Gt-C, 90% in the form of bicarbonate ions (above the
Carbonate Compensation Depth (CCD), see footnote p. 134) then vegetation (500-800) and soil (1500) represent 2,500
Gt-C, finally the atmosphere 870 Gt-C (for 410 ppm). The cumulative carbon of fossil fuels used since 1750 makes 1%,
just one percent, of the carbon circulating in these three reservoirs. Furthermore, since 1900, net primary productivity
of vegetation has increased by a third and continues to increase roughly as the CO2 content of air (Goklany, 2015).
Absorption by the surface of cold oceans has increased by a third in proportion to the (increase of) partial pressure of
CO2 in the air. There is therefore in the air, at most, only the equivalent of five years of "anthropogenic" emissions, in
2014, five times 10 Gt-C = 50 Gt-C or 24 ppm, which makes only 6% of the carbon in the air (currently 400 ppm or 850
Gt-C), against 5 times 2.3 Gt-C in 1958 or 11.5 Gt-C or 5 ppm over 315 ppm (Veyres and Maurin, 2020). One will take
note that the CO2 contents of the air noted [CO2] are expressed in ppm or number of CO2 molecules per million air
molecules or parts per million, with 1 ppm = 2.1 Gt-C or billion tonnes of carbon contained in carbon dioxide molecules.

If we make use of IPCC data for the fluxes absorbed by vegetation and the oceans, we will take the two following
reports. The IPCC AR4 (figure 7-3 page 515) gives for vegetation 120 Gt-C (pre-industrial) + 3 Gt-C = 123 Gt-C and for the
oceans 70 Gt-C (pre-industrial) +22 Gt-C = 92 Gt-C therefore 190 Gt-C in pre-industrial and 215 Gt-C now (which is
+13%). The following report IPCC AR 5 (figure 6-1, page 471) gives for vegetation 109 Gt-C (pre-industrial) +14 Gt-C =
123 Gt-C and for the oceans 60 Gt-C (pre-industrial) +20 Gt-C = 80 Gt-C; therefore 169 Gt-C in pre-industrial and 203 Gt-
C now, (which is +20%); and while the air content in CO2 would have increased by about 37% (from 285 ppm to 390
ppm since this AR5 report refers to 2011), which makes the residence time (or average life-time τ) of the molecules
computed as stock/absorbed_flux of 3.5 years in pre-industrial and 4.1 years now (note that the reference to pre-
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industrial CO2 emissions ought to be taken with caution as all these values are estimates without known accuracy and
precision).

Critics and alarmists will claim that this reasoning based on the ratio (stock/flux) does not stand because it is the very 4
to 5 Gt-C accumulated yearly in the atmosphere that make the system break a supposedly previous equilibrium and
that the residence time of CO2 must also involve exchanges between superficial and deep ocean leading to much longer
“residence time” of over a century.

Though one would hardly see why any pre-established equilibrium would have more existed before than now, let’s see
whether we can find other confirmations of the residence time that comes from the ratio (stock/flux), i.e. 4 to 5 years
(Segalstad, 1998; Berry, 2019).

We’re going to see that carbon isotopes are going help us. δ13C is a linear function of the ratio of the number of carbon
13 (7 neutrons and 6 protons) to the number of atoms of carbon 12, expressed in parts per thousand (per mil, ‰, pm):
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The standard in Equation 4, was established thanks to the Pee Dee Belemnite (PDB) and was based on a Cretaceous
marine fossil, Belemnitella americana (d'Orbigny, 1840), which was from the Pee Dee Formation in South Carolina. This
material  had an anomalously high  13C/12C ratio (0.0112372),  and was established as δ13C value of  zero.  Since the
original PDB specimen is no longer available, its 13C/12C ratio can be back-calculated from a widely measured carbonate
standard NBS-19, which has (Friedman et al., 1982) a δ13C value of +1.95‰. The δ13C of a mixture is the sum of the δ13C
of the components of the mixture weighted by their quantities and this signature is expressed as indicated above in
parts per thousand (per mil, ‰, pm). The signature of the anthropic emissions varies with the proportion of the various
fossil fuels used, i.e. with coal (-24 pm), oil (-28 pm) and gas (-45pm) averaging to around -28pm to -29pm these last
years.

If we were to follow the IPCC (Summary for Policymakers SPC, 2013, page 10 § B.5 3rd paragraph): «Among these
cumulative anthropogenic CO2 emissions [since 1750], 240 [230 to 250] Gt-C have accumulated in the atmosphere»
(corresponding to the Bern formula) this would lead to: 28% (-28 pm) + 72% (-7 pm)= -12.9 pm which does not match at
all the observations. Rubino et al. (2013) propose a revised version of early δ13C measurements covering the last 1000
years (Law Dome, Antarctica), with a mean preindustrial level of -6.50 pm, which matches well the -7 pm used here.

This is also the conclusion drawn by  Harde (2019) who states: «Also the widely spread but wrong declaration that
"about half of the emissions remained in the atmosphere since 1750" and "the removal of all the human-emitted CO 2

from the atmosphere by natural  processes will take a few hundred thousand years (high confidence)" (see AR5 [1],
Chap. 6-Summary and Box 6.1) can be simply refuted by the isotope measurements at Mauna Loa. If the 113 ppm CO2

increase since 1750 (28.8% of the present concentration of 393 ppm - average between 2007 and 2016) would only
result  from human impacts and would have cumulated in the atmosphere,  the actual  (δ13C)atm value should have
dropped by ∆ = (δ13C)fuel-atm×28.8% = -18‰×28.8% = -5.2‰ to (δ13C)atm ≈ -7‰ -5.2‰ = -12.2‰, which by far is not
observed. (δ13C)atm in 1750 was assumed to have been -7‰».

Therefore the reasoning based on the ratio (stock/flux) is corroborated by the observed isotopic concentrations and
leads to a residence time of 4-6 years in the atmosphere for any CO2 molecule. As a summary, τ the lifespan of a
molecule of CO2 in the air is around 5 years because each year a fifth of the molecules in the air are absorbed by
vegetation or by the oceans (high latitudes) and about as many are degassed by the oceans (inter-tropical) and by the
grounds. In fact 850 / (90 + 80) = 5 years. 90 Gt-C would be absorbed by the oceans at high latitudes and as much
degassed in the inter-tropical zone, where water from high latitudes returns about 30 years later after circulation on
the isopycnic surfaces of equal density which surface at high latitudes and later feed the inter-tropical upwelling. 80 Gt-
C would be absorbed by vegetation and as much degassed by soils. Therefore the residence time in the atmosphere is 4
to 5 years and the corresponding proportion of anthropogenic CO2 in the air is 6% which this time matches well the δ13C
observations: 6% (-28 pm) + 94% (-7.2 pm)= - 8.35 pm (see Fig. 2 b).

A simple calculation with the probability of survival in exp(-t/τ) where τ is the lifetime also shows that the share of
anthropogenic emissions is 5 years x (annual emissions of 8 to 10 Gt-C) = 40 to 50 Gt-C, which is 5% to 6% of the 840 Gt-
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C carbon in the air. For m molecules in a container (or beads in a bag of beads), the probability of survival of a given
molecule after drawing and replacing a molecule is (1- 1/m) and after drawing and replacing the molecules p times in a
raw: (1- 1/m)m (p/m) or exp(-p/m); indeed ln[(1-1/m)m] = m ln(1-1/m)  m(-1/m) which converges to -1 for m large; if the�
anthropogenic emissions noted E increase exponentially in E (t) = E0 (1+a)t in the year t, what remains in the air is:
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Which according to Veyres (2014) gives the total anthropogenic contribution remaining in the air, which is for a=2%,
τ=5, i.e. (1.02t – exp(-t/5)) = 4.55 times the annual anthropic emissions, or for a=1%, τ=5 we have 4.76 times the annual
anthropic emissions, and finally for a=1%, τ=5.5 we get 5.21 times the annual anthropic emissions.

Thus, the above expression using the term “exp (-t/5.5)” is very different from the Bern formula used by the IPCC -2007
(page 213 note a of table 2-14) which claims that the fraction remaining in the air after t years is:
(21.7+ 25.9 exp (-t / 172.9) + 33.8 exp (-t / 18.51) + 18.6 exp (-t / 1.186))% which gives 36.4% remaining in the air after
100 years! And very close to another Bern formula previously used:
(18 + 14 exp (-t / 420) + 18 exp (-t / 70) + 24 exp (-t / 21) + 26 exp (-t / 3.4))% which gives 33.5% remaining in the air
after 100 years! The absurdity of such a model is well visible when comparing it with the natural  14C removal in the
atmosphere as depicted by Fig. 5, p. 142 in Harde (2019) or Maurin (2019b).

The conclusion is straightforward: the IPCC's assertion (SPM, 2013) on the accumulation in the air of anthropogenic
emissions is very inaccurate. The "Bern formulas" (IPCC-IPCC 2007) supposed to say what is the fraction remaining in
the air of the "anthropogenic" emissions is a deception. It is obviously deliberate as this long term residency argument
is leveraged by many, e.g. James Hansen noted that «in determining responsibility for climate change, the effect of
greenhouse gas emissions on climate is determined not by current emissions, but by accumulated emissions over the
lifetime of greenhouse gases in the atmosphere». That kind of reasoning leads to assert that « by this measure, the U.K.
is still the largest single cause of climate change, followed by the U.S. and Germany, even though its current emissions
are surpassed by the People's Republic of China».

We have left science and jumped into a different register, once having distorted the facts to fit an objective where the
subject becomes who is to blame for that situation, then the next step will be who is to pay for it and that is politics.

Is it possible to have further confirmation of the amount of anthropic CO 2 left in the atmosphere? It is indeed, but let's
first remind some notions relating to what is called the “Carbon Cycle” CC. At any given point in time, the atmospheric
CO2 exchanges throughout various geochemical and biological processes that make use of seven different reservoirs
including the atmosphere, hydrosphere, biosphere, pedosphere (i.e. the soils),  and lithosphere (i.e.  rocks)  and two
additional isolated reservoirs,  i.e.  deep Earth (the mantle mainly out-gas through volcanism) and outer space, this
equilibrium can be called the steady state and over short periods of time the temperature is the parameter that can
change the faster and the more easily and lead to a new equilibrium, a new steady state.  The largest  circulating
reservoir and by very far are the oceans which represent nearly 39,000 Gt-C (Zeebe and Wolf-Gladrow, 2001) that can
be further subdivided into Dissolved Inorganic Carbon (DIC) 38,000 Gt-C, Dissolved Organic Carbon (DOC) 700 Gt-C,
colloids 100 Gt-C, Particulate Organic Carbon (POC) 30 Gt-C, phytoplankton 3 Gt-C, zooplankton 0.1 Gt-C, bacterial 0.2
Gt-C. The atmosphere, as of 2018, is a reservoir of 869 Gt-C which therefore represents a mere 2.25% of the oceanic
sink. What characterizes these different reservoir are their storage capacity (stock) and the speed at which they can
exchange together (fluxes).

The atmosphere, the oceans, soils and vegetation exchange very large fluxes over short period of time whereas the
lithosphere is by far the largest sink over geological timescales (i.e. > 66,000,000 Gt-C and possibly up to 100,000,000
Gt-C) but it has a very slow response. The organic matter contained in the soils is in the range [1,500-2,400 Gt-C],
terrestrial plants and vegetation is in the range [500-650 Gt-C], and the permafrost stores around 1,700 Gt-C, the
remaining is in the fossil fuels for which reserves are known only to a certain approximation. Within the oceans, the
marine biota have a very fast turnover rate and even though they are just representing hardly slightly more than 3 Gt-C
they extract net 13 Gt-C from the surface ocean that they redistribute for 11 Gt-C into the Intermediate and Deep-Sea
Ocean (IDSO) and for 2 Gt-C as DOC. The surface ocean (SO) with a carbon stock of some 900 Gt-C exchanges twice
275Gt-C/year, an up-flux between the tropics and down-flux at mid latitudes with the IDSO (Levy et al., 2013) and some
uncertain amount drops onto the ocean floor to join the sediments which stock above the Calcite Compensation Depth
(CCD) or Aragonite Compensation Depth (ACD) is estimated to more than 1,750 Gt-C.
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Having stated the global picture, one can focus onto the exchange between the atmosphere and the fast sinks to
determine the fate of the anthropogenic CO2. In order to do that, a reconstruction since 1900 and up to 2018 has been
made of the various stocks and fluxes between the several reservoirs involved. Main data sources used for compiling
CO2 emissions were for the the ppm values (Scripps, 2020) and (Keeling et al., 2005), for man-made emission for 1971-
2016 (worldometers, 2020) and for man-made emission for 1958-2070 (Hausfather, 2018). We need to define τ as the
average lifetime or residence time, corresponding to a decrease of any emission to 1/e=0,3679 of its initial value, after
an e-folding time and we further define T, i.e. the half-life, given by T=0.693 τ.

Then let's consider the following reasoning: on year 1 we have the emission em 1, on year 2 we have the emissions em2

plus what remains of year 1, i.e. (1-1/τ) em1, on year 3  we have the emissions em3 plus what remains of year 2, i.e. (1-
1/τ) em2 plus what remains of year 1, i.e. (1-1/τ)2 em1, on year 4 we have  the emissions em4 plus what remains of year
3, i.e. (1-1/τ) em3 plus what remains of year 2, i.e. (1-1/τ)2 em2, plus what remains of year 1, i.e. (1-1/τ)3 em1, etc. 

Therefore we have the following expression for the Anthropogenic CO2 emissions left after n years, Aemn:
Aemn = emn +  (1-1/τ) emn-1 + (1-1/τ)2 emn-2 + (1-1/τ)3 emn-3 + … + (1-1/τ)n-1 em1
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Equation 6, is a very straightforward way of computing what anthropogenic CO2 is left after n years for the summation
over the entire time series available which converges easily with even less than 20 terms. All yearly emissions since
1959 are individually available, and for (1-1/τ)=0.82 (18% of any emission is absorbed at  the end of the year it  is
emitted), we have an e-folding time (or average life) of 5.05 yr as (0.82) 5.05=0.367, and τ=5.05 years matches well the
ratios  Fluxes/Stocks  and  the  isotopic  spread  between  species.  This  corresponds  to  an  absorption  efficiency  α of
(1/τ)=0.198, and one gets 52.15 Gt-C left in 2018 which represents 6% of the 869.27 Gt-C of the 2018 atmosphere
(408.63 ppm).

Figure 1. Estimating  the  relaxation  time  for  a  given emission  (here  the  52.15  Gt-C  of  anthropogenic  origin  left  today  in  the
atmosphere) with a function e-λt with λ=(1/τ)=0.198 and τ=1/λ =5.05yr over a 30 years time-scale.

Would one wish to know what will remain of these 52.15 Gt-C left in the atmosphere in the future, for example making
the assumption that emissions would stop and that one would try to assess a relaxation time or adjustment time, an
estimation can be done by an exponential function that is calibrated so as to match the properties of the above series.
This will be done by an exponential decrease of type em t  = e-λt with λ=1/τ=0.198 and τ=1/λ =5.05yr, and T the half-life
(as for a radioactive decay) is 3.5yr. The function em t = e-λt gives what remains of any emission em after t years and for
T=3.5,  λ T = 0.639 = Ln(2) and e0.639=0.5 thus the half-life, half  of the emission has been exchanged with another
reservoir. Searching for the half-life n=T of the term of the series (1-1/τ)n = 0.5, with τ=5.05yr, thus α of (1/τ)=0.198 and
computing n= Ln (0.5) / Ln (1-1/τ) would have also given n=3.5=T. To give an idea, using the exponential approximation,
after 10yr there remains 13.81% of the original emission, after 20yr only 0.99% and after 30 yr a mere 0.14%.
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Figure 1 is very close in its overall shape (exponential removal) to the curves for the datasets for Δ14C in CO2 produced
by Graven et al., (2017) which show in Figure 2 a) how this isotope produced by numerous nuclear aerial tests bombs in
the late 1950s early 1960s has been naturally removed from the atmosphere and the removal process does not make a
major distinction between the different isotopes as there is just a 5% maximum mass difference between the three
molecules based on the three C isotopes and it is pretty clear that the relaxation or adjustment time, whatever you call
it, cannot be in centuries or millenniums. The e-time is 3 times longer for Δ14C than 12C but remains very short, i.e. 16.5
years, as stated by Berry (2019) “The Physics Model accurately replicates the 14CO2 data from 1970 to 2014 with e-time
set to 16.5 years, balance level set to zero, and starting level set to the D14C level in 1970. (...) Isotopes undergo the
same chemical reactions but the rates that isotopes react can differ. Lighter isotopes form weaker chemical bonds and
react faster than heavier isotopes”. Another complementary explanation is provided by Veyres (footnote p. 14) “what is
important is the number of  14C molecules in the air constantly renewed by cosmic rays and by the emptying of the
stratosphere into the troposphere, which seems to have come to an end since 2010; it is therefore the excess compared
to the natural production that counts in atoms or moles of 14C (…) Fluctuations in the production of 14C in the polar zones
depend on the magnetic field of the sun, which has probably caused a slight decrease in the natural production also
identified by 10Be”. Another major reason for this longer relaxation time for Δ14C than 12C stems from the very process
that led to the massive injection of the  14C in the atmosphere in the first place, the aerial nuclear bomb tests, that
propelled very high into the stratosphere massive amounts of that radioactive species.

Figure 2. Measured time series for atmospheric  Δ14C in CO2 (a) (compare to the observed decrease past the emission peak to
Figure1) and δ13C in CO2 (b). Annual mean values of Δ14C are provided for three zonal bands representing the Northern
Hemisphere (30–90° N), the tropics (30°S–30°N) and the Southern Hemisphere (30–90° S). Annual mean, global mean
values are provided for δ13C. Source Graven et al. (2017).

The carbon 14 emitted by atmospheric nuclear testing has been added to the carbon 14 naturally produced in the
upper atmosphere. Its content almost doubled between 1955 and 1965 at the height of the fallout from the nuclear
tests.  The head of  the nuclear cloud enters the stratosphere when the power of  the explosions exceeds 20 kt.  It
becomes essentially stratospheric from 150 kt and reaches an impressive height of 25 km above 1 Mt. The 14C, which
represents a minuscule part of total stock on Earth of the the 3 isotopes, is radioactive with a period of 5,730 years. It is
formed permanently in the atmosphere by the action of cosmic rays on the nitrogen in the air, at a rate of about
1.54.1015 Bq/year21. Its production evolves permanently with the variation of the energy emitted by the Sun and with
that of the Earth's magnetic field. In addition to this natural radiocarbon, about 213.10 15 Bq have been emitted during
atmospheric nuclear tests (Renaud, 2012).  This is a massive disturbance of  the natural  equilibrium as this  amount
represents 138 times the normal annual production of this isotope by natural processes, leading to a doubling of its
concentration at  the end of  the aerial  tests  by the three nuclear  powers:  USA-URSS-GB.  The slow flushing of  the
stratospheric 14C into the troposphere results from gravitational forces and has kept on-going with times much longer
than  the  normal  cycle  of  12C,  thus  setting  an  absolute  maximum boundary  to  the  normal  half-life  of  CO2 in  the
atmosphere. In that respect, the Fig. 2 a) is very telling and confirms that the Δ14C measured e-time of 16.5 years (Berry,
2019) within the context of the aerial nuclear tests represents an impassable upper limit for the normal CO 2 circulation
processes. Nevertheless, this maximum duration represents a small fraction, i.e. just 1/6 of the erroneous values given
by the "Bern formulas" predicting that 36.4% of the emissions remain in the air after 100 years!

The Fig. 2 b) also shows how by a slow mixing with the anthropogenic carbon leads to a slow decrease of the δ 13C with a
current value of -8.5 pm.

21 The becquerel (Bq) is the SI unit of radioactivity. One becquerel is defined as the activity of a quantity of radioactive material in
which one nucleus decays per second.
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Let's be back to IPCC inspired models: Köhler et al. (2018) state that “ If one adds a certain amount of anthropogenic
CO2 to the atmosphere at time t0, the concentration will increase suddenly and then fall off following a complicated
function that depends on the response of the various active carbon reservoirs (…) The function how CO2 relaxes after
such an initial perturbation can be approximated by the sum of a few exponential functions with different characteristic
timescales”. In fact, it is worth noticing that the complicated function aforementioned by Köhler et al. (2018) is an
artifact of the a priori and completely absurd hypothesis of compartments in static equilibrium (a steady state) without
taking into account the degassed and absorbed flows which are 20 times higher than anthropogenic emissions! It is
posed a priori by the definition of the transfer function (i.e. Impulse Response Function, IRF) as a solution of a system of
differential equations via the Laplace transforms which give the a i exp(-t/bi), where the ai equals the weight on each
exponential (unitless) with Σ ai = 1 and the bi represent the decrease times of each exponential (yr) (Aamaas et al.,
2012; Archer and Brovkin, 2008; Archer et al., 2009; Maier-Reimer and Hasselmann, 1987; Maier-Reimer, 1996; Prather,
2007).

The so-called Bern (Siegenthaler and Joos, 1992) and airborne fraction Impulse Response Functions (IRF) assume,  a
priori, a static equilibrium between the three main compartments: oceans, atmosphere and vegetation and soils; this
assumption makes the important flows disappear: the  huge flows of carbon in the inter-tropical upwelling from deep
ocean to surface ocean (275 Gt-C/year), from surface ocean to air (100 Gt-C/year), from air to vegetation and soils (72
Gt-C/year) are completely ignored . Proving that those impulse responses are nonsense is easy:

� The impulse responses apply only to fossil fuel emissions and not to natural out-gassing; how do surface ocean
and vegetation sort the molecules of CO2 according to their origin ? 

� The absorption in dy(t)/dt = degaz(t) + emiss(t) – absorb(t) is assumed  almost constant since the preindustrial
times : this is nonsense as the Global Gross Primary Productivity (GGPP) of the vegetation has according to
many authors (Pretzsch et al., 2014; Goklany, 2015; Campbell et al., 2017; Haverd et al., 2020) increased by
more than 36% since 1900! 

More precisely (with n = the number of exponentials used) the IRF looks like:
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with absorb(t)  = absorb(0) + dy(t)/dt = absorb(0) + (1 -  AF(t))  em(t)  for the Airborne Fraction (AF), and amazingly
absorption depends upon em(t) and not upon y(t) !

The atmospheric C increase, with y1(t) the mass of C in the atmosphere at time t, is given by the convolution of the
Impulse Response Function IRF(t) with the emissions(t), i.e. noted em(t), by the following equation:
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and the 6 or 8 arbitrary coefficients (a i, bi), corresponding to the number n of exponentials used, are adjusted so that
the result vaguely resembles the Mauna Loa Observations (MLO) ppm series! It is physically impossible that absorb(t)
be a function of anything else than y(t), where y(t) is the mass of C contained in each compartment, another nonsense
is a relaxation time b  of about 50 years: absorb(0) = y(0)/5 years in preindustrial times and suddenly in 1751 it becomes
y(0)/5 + y(t)/50 or y(0)/5 + (y(t) – y(0))/50 instead of y(t)/5.

All  these  “miracles”  and  some  others  are  discussed  in  Harde  (2017a-b;  2019).  The  unfortunate  outcome  of  this
'mathematical engineering' based on IRFs is to dismiss, or if intentional to conceal, the real geochemical processes at
play and most importantly hide the dependence of the natural emissions on the temperature as expressed by Equation
182, p. 225. The Earth system is never in a steady state, it keeps adapting to a non-linear chain of sometimes conflicting
triggers of very different nature as the Holocene, the Quaternary, and more generally the entire Earth history show (see
Past Climates p. 96). Since the end of the LIA (i.e. 1850), the temperature has naturally gone up and the oceans have
continuously out-gassed, and just since 1900 they have released as per my Carbon Budget (CB) 403 Gt-C (see p. 92). The
mistaken  IRF  formulation  leads  to  wrongly  build  erroneous  CBs,  e.g.  IPCC's  Le  Quéré  et  al.  (2016,  2018),  where
fraudulently mankind appears as the sole responsible of the emissions, but how could it be otherwise as IPCC is a one-
sided thought only organization? It also leads to the flawed and disingenuous conclusion that Humanity would be to
blame for having broken a previous steady state, whereas the truth is that there is no and has never ever been any
steady state in an ever changing Earth. It also aims to dissimulate the fact that natural emissions are huge and driven by
the  temperature,  the  fluxes  exchanged  between  the  C-holding  reservoirs  are  massive  and  what  remains  of
anthropogenic emissions is  small as 89% of them  have been removed and captured by sinks (i.e. mainly soils and
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vegetation but also phytoplankton) over the period 1900-2018 (i.e. remains 52 Gt-C of the cumulated 458 Gt-C man-
made emissions). This is what sciences teaches us, what this e-book will demonstrate, but it does not fit the agenda of
the dominants.

Using the kind of miracle exponential fitting described above, Joos et al. (2013), in a multimodel analysis of a range of
models of different complexities including comprehensive Earth system models, Earth system models of intermediate
complexity (EMICs), and boxtype models, fit a sum of three exponentials over the first 1000 years, detecting relaxation
timescales of 4.3, 36.5, and 394.4 years (Table 5., p. 2803). So, at least the τ3 (4.3 yr) reported by Joos et al. (2013) is
close  to  the  values  computed  here  by  a  simple  but  rational  analysis,  i.e.  5.05  yr.  Furthermore,  Maurin  (2019c)
demonstrates that insofar as  12CO2 and  14CO2 have similar behaviors, the "bomb effect" observations show that the
theoretical models selected by the IPCC use reservoirs that are too small and that they exchange too slowly with the
atmosphere. Maurin (2019c) shows that taking into account the Suess effect of 1950 (Maurin, 2019a) as well as the δ13C
(Maurin, 2018) and Δ14C decrease (Maurin, 2019b) has also for consequence to 'de facto' lead to the abandonment of
an exclusively anthropogenic origin for the observed growth of atmospheric CO2. That's of course also in agreement
with the Carbon Budget presented in this e-book p. 92.

Some authors have also addressed the dynamics of much slower processes, such as the uptake of atmospheric CO 2 by
silicate weathering (see further section CO2 removal from the atmosphere p.  52) and Colbourn et al. (2015) used the
fitting of different numbers of exponentials  for an hypothetic 1000 Gt-C instantaneous emission and concluded that an
equation consisting of the sum of six exponentials, which differ in their turn-over timescale, provided the optimum fit,
capturing the timescales of shorter-term oceanic processes as well as the long-term processes. These are interesting
modeling  efforts  and  Colbourn  et  al.  (2015)  state  that  “By  fitting  model  output  to  a  series  of  exponentials  we
determined the e-folding time scale for atmospheric CO2 drawdown by silicate weathering to be 240 kyr (range 170–�
380  kyr),  significantly  less  than  existing  quantifications”,  as  they  better  assess   the  very  long  response  time  of
geochemical processes for extremely large hypothetical events but It does not change the clear and straightforward
understanding that a simple and rational approach, based on the probability of survival of each molecule, the ratios of
fluxes over stock, the spread of the isotopes based on the δ13C values past and observed, the modeling by series based
on reconstructed emissions since 1900 that was presented, and the simple exponential fit of a corresponding decrease
function to the previous series all lead to a residence time of 5.05 yr and a relaxation time in decades at most.

Other authors also study the long term geochemical response to extremely large pulse emissions (1,000-20,000 Gt-C)
using the fitting of multi-exponential function by means of the Matlab package and other techniques, e.g. “Convolution
Analysis of Atmospheric CO2 Decay22” of Lord et al. (2016), $3.3 p.10, but these efforts provide complementary angles to
what was explained, addressing huge hypothetical pulse emissions and long-term geochemical removal, so there is no
contradiction with what has been presented here for the simple reason that over these time-scales mankind faces so
many  other  greater  potential  threats,  bouts  of  paroxysmal  volcanism,  super-volcanoes  such  as  the  Yellowstone
displaying a superficial magmatic chamber of 46,000 km3 with a melt fraction of ~2% (e.g. Huang et al., 2015) with an
eruption overdue by geological standards, Large Igneous Provinces (LIP) that baffle imagination and that mankind not
only has never witnessed nor known but can even hardly comprehend or fathom (Coffin and Eldholm, 1994) and last
but worst an impact with a Near Earth Object (NEO) (e.g. Apophis, see Figure 50, p. 139) as there are unfortunately so
many of them dangerously roaming (Morbidelli et al., 2002; Perna et al., 2013; NSTC, 2018; Wheeler and Mathias,
2019), most remaining unknown until very late and that would require so much more attention that CO2... which is not
even a tail risk at timescales of up to more than 250 ky as modeled by Lord et al. (2016).

In the end, Veyres23 reminds me that one can always 'best fit' an Impulsion Response (IR) to the MLO measurements (or
else), but that is no proof of the soundness of the approach and does not ensure that instead of accounting for the real
geochemical processes at play one rather does not only perform some 'mathematical engineering'. He also reminds
that the derivative of the C-stocks y(t) must be computed, this is a mandatory requirement, before calculating any
correlation  with  the  MLO  stationary  time-series,  and  by  using  two  complementary  means:  1)  an  autoregressive
integrated  moving  average,  or  ARIMA24 (a  statistical  analysis  model  that  uses  time  series  data  to  either  better
understand the data set or to predict future trends) or 2) the monthly ppm increments given by 1.8 ( TA 25(t) + 0.8) / 12
that continue to accumulate as long as the DIC (Dissolved Inorganic Carbon) of the ocean does not decrease a little or
the temperature anomaly does not reach -0.8°C, he concludes that a decent forecast for 2100 is 540 ppm, which leads

22 Lord et al. (2016) use the term decay that has been avoided in this document to prevent confusion with radioactive processes.
23 Personal communication on December 10th, while peer-reviewing the manuscript.
24 ARIMAProcess[0.121065,{0.951, -0.32 ,-0.33, -0.018, 0.22, -0.387}, 1 , {-0.49} ,0.36]
25 TA is the Temperature Anomaly, e.g. as displayed in Figure 8, p. 37.
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using IPCC formula  84 p.  74, to estimate a maximum temperature increase of 1.2°C (which would be good news as
explained in section Why a Warmer World is a Better Place to Live, p. 372), or more realistically  and unfortunately ≈0°
as the Earth is a self-adaptive system based on thermodynamical processes relying on the hydrological cycle.

Now one may question why IPCC keep sticking to indefensible long residence times. The answer is written in plain clear
English in IPPC (2018c), p. 38 “The latter – the atmospheric residence time of the greenhouse gas – is a highly policy
relevant characteristic. Namely, emissions of a greenhouse gas that has a long atmospheric residence time is a quasi-
irreversible commitment to sustained radiative forcing over decades, centuries, or millennia, before natural processes
can remove the quantities emitted”. There is simply no science behind such a statement, just a means to drive policies.

Thus, most of the argumentation of the IPCC relies on an extravagant residence time or other similar concepts like the
"adjustment time" of  the CO2 in  the Earth's atmosphere. By stating that  it  would stay literally  100s of  years,  this
deception enables to make unfounded and extraordinary claims that pretend to establish and support various scare
tactics: CO2 would be very dangerous because it would stay very long in the atmosphere and thus our responsibility
extends  long  after  those  who  have  emitted  it  as  it  would  impact  future  generations  and  that  would  require
extraordinary policies. It is sad to acknowledge how well this brainwashing has operated, as I have even seen people
asserting, completely convinced of it, that CO2 is a waste (!) that must be removed at all cost from the atmosphere.
They did not even realize that they could put something in their plate and eat everyday thanks to it. All that started
with Revelle (1965) name calling CO2 a pollutant and the first so called "Bern" model years ago (Siegenthaler and Joos,
1992). IPCC have certainly been aware for a long time, not even of the weaknesses, but of the indefensible nature of
their  statements.  The  evidence  is  given,  e.g.  Table  1,  p.  38  of  IPCC(2018c)  that  gives  the  following  implausible
atmospheric lifetime of 5 to 200 years, adding with footnote (c) "No single lifetime can be defined for CO2 because of
the different rates of uptake by different removal processes". That level of uncertainty and deliberate confusion would
perfectly fit in the further section to come “IPCC and Their Unlikely Physics of Climate Change “, p. 342.

Beyond the excellent rebuttals by Berry (2019) or Essenhigh26 (2009) of the so called Bern formulae (there are several
variants), let's start with the ẟ13C mismatch that these approaches lead to and then address other deficiencies that lead
to strong incompatibilities with observations. The Bern formula (Siegenthaler and Joos,1992) or Hamburg pretend to
give the fraction remaining in the air after n years (like 37% after 100 years). These "Bern" and analogous formulae are
supposed  to  reflect  the  very  slow  migration  of  "anthropogenic"  carbon  to  the  ocean  floor27;  in  reality  they  are
numerical  approximations with six  or  eight  adjustable  parameters  of  the IRF that  convert  the series of  fossil  fuel
emissions from economic statistics since 1750 to a rough approximation of the series of CO2 contents observed28 at
Mauna Loa since 1958; they make the conjecture (IPCC AR4 2007 report) that the CO 2 content of the air in 1750 was
"277 ppm to plus or minus 1.2 ppm", as if they had the slightest idea of that!

As a general observation made by Veyres (2020e) and  Veyres and Maurin (2020) “these formulas (airborne fraction or
Bern) used by IPCC want to ignore a) that degassing and absorption depend on water temperatures and soil moisture b)
that absorption by vegetation increases as the amount of plant matter or leaf area is roughly proportional to the carbon
dioxide content of the air”. The IPCC (Summary for Policy Makers, 2013, page 10 § B.5 third paragraph) says: "Among
these accumulated  anthropogenic  emissions  of  CO2 [since  1750],  240 [230  to  250]  Gt-C  have accumulated  in  the
atmosphere" which would therefore make (240/850) = 28% anthropogenic carbon and a ẟ13C of 28% (-28 pm) + 72% (-7
pm) = -12.9 pm, a value very different from the observations. This mismatch is a 1st obvious refutation of this “Bern”
model.

The application of the Bern formula (IPCC, 2007) to the series of "fossil" carbon emissions since 1750 with the estimate
of the ẟ13C resulting from the variable proportion of coal-oil and gas in the economic statistics series leads to the curve
in blue in the Figure  3, while measurements at MLO are in red. The blue ẟ13C curve of the air has been calculated
according to the IPCC's Bern formula supposed to give the fractions of anthropogenic emissions remaining in the air t
years after the emission, starting from -6.5 pm and 277 ppm in "pre-industrial" and in red have been plotted the
observations (Mauna Loa). One can easily see from that sole Figure that the refutation is obvious. It simply does not fit
the observations again. This is a clear 2nd refutation of the “Bern” models.

26 Notice that the refutation by (Cawley, 2011), also published in Energy & Fuels, that aims to restore the glory of "Bern" & like
models", does not stand scrutiny and is full of arbitrary and unsubstantiated assumptions and mistakes.

27 there is not one ocean in equilibrium with the atmosphere, but there are absorption and degassing zones and a deep water
circulation (a few hundred meters away) on surfaces of equal density of seawater determined by temperature and salinity.

28 by applying some dubious smoothing on a moving average over several years to hide the interesting information which is the
ppm increments over 12 months.
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Figure 3. δ13C mismatch between the “Bern” model (blue line) and the measurements at MLO (in red). Source Veyres (2020e).

Finally the Bern and similar deceptions rely on fabricated IRFs F(t) (IPCC AR1, 1990, Figure 1-2, p. 9): it is assumed a
priori that the CO2 from natural degassing and that from fossil fuels have different destinies, that only the CO2 from
fossil fuel emissions can remain in the air, whereas that arising from natural degassing, thirty or twenty times greater, is
absorbed without delay! This artifice is integrated into the equations of the compartments where only the flow of fossil
fuel emissions appears and not the total flow of "natural degassing plus fossil fuel". The impulse responses therefore do
not apply to natural degassing but only to fossil fuels! Conventional and typical F(t) IRFs are shown in the next Figure 4
(decay time):

Figure 4. Comparison of various deceitful IRFs (including Delmas et al., 2005) with that in orange that is given as per Equation (3) in
exp(-t/5) which is valid both for natural degassing and for "fossil" emissions (of course) .  Source Veyres and
Maurin ( 2020).

Bern1(t) = 0.217 + 0.259 exp(-t/172.9) + 0.338 exp(-t/18.51) + 0.186 exp(-t/1.186) as per Siegenthaler and Joos (1992)
and still mentioned in AR5 WG3 (2013) and gives a lifetime or residence time of 51 years!
Hamburg(t) = 0.131 + 0.201 exp(-t/363) + 0.321 exp(-t/74) + 0.249 exp(-t/17) + 0.098 exp(-t/1.9), and gives a lifetime or
residence time of 101 years as per the Hamburg carbon cycle model of Maier-Reimer and Hasselmann (1987)!
Bern2(t) = 0.18 + 0.14 exp(-t/420) + 0.18 exp(-t/70) + 0.24 exp(-t/21) + 0.26 exp(-t/3.4) as per Joos et al. (2001) and a
rational approximation of Bern2(t) with:
Bern2(t) (b0 + b1 t + b2 t2 ) / (b0 + b3 t + b4 t2 + b5 t3 ) with {b0, b1, b2, b3, b4, b5}={279400, 72240, 730.4, 107000,
3367, 1}.

These different Impulse Responses Functions (IRF) are fabricated to match long enough CO2 withdrawal rates to justify
"ad-hoc" policies as stated in IPPC (2018c), p. 38 (thus, taxes and increased control over the economy) and the IRF of
the 3-dimensional ocean-circulation model of Maier-Reimer and Hasselmann (1987) of the AR1 (or IPCC FAR, 1990) are
visibly adjusted so that F(100) = 1/e (hence a lifetime or "adjustment time" of one hundred years) and a half-life of
about 30 years with F(30) = 50%. Fitting IRFs to objectives decided a priori is so obvious that it shames science and
provides a 3rd refutation of these fabricated models.
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Figure 5. Cumulative anthropogenic CO2 emissions over 1900-2018 (blue curve) and what's left of them (1970-2018) (red curve) as
computed by developing the series of emissions-absorptions according to Equation 6.

Let's go back to the contemporary era: one thing is for sure, over the period 1900-2018 458.08 Gt-C29 of anthropic CO2

were emitted and there only remains 52.15 Gt-C in the atmosphere, which means that 405.93 Gt-C of anthropic CO 2

have been removed, representing 88.62% of the total emissions and thus only 11.38% is left behind. The Figure  5
reconstructs all cumulative yearly emissions over the period 1959-2018 (middle column and blue curve) and for each
year, and according to the previous formula, calculates how much anthropogenic CO2 remained in the atmosphere
(right column and red curve). In the meantime, the  CO2 bulk has increased from 310ppm (659.45 Gt-C) in 1900 to
408.63ppm (869.27 Gt-C) in 2018 representing an increase of 209.82 Gt-C. But, since the end of the Little Ice Age, the
temperature has kept naturally increasing, leading to a different steady state between the massive oceanic sink and the
atmosphere, the oceans out-gassing as the temperature increases.

Can we assess how much out-gassing one can expect?

This is an important question as it leads to two very different interpretations of the situation: either we assume that the
oceans and other sinks were already quasi saturated in 1900 and therefore there has been a partial uptake of the
anthropic CO2 in the fast exchange but most of it has been replaced by non-anthropogenic 30 (as the oceans could not
take more though some was captured by phytoplankton and sank to the bottom in a form of long term storage) leading
to the 210 Gt-C increase, or rather one can consider that the total anthropogenic emissions of 458Gt-C just represent a
mere 1.08% of the total circulating Carbon stock of 42,370 Gt-C, i.e. oceans, soils, plants, atmosphere and therefore it
has been removed at 88.62% into the first 3 reservoirs and the increase is essentially the result of a new steady state
involving other sinks as the soils and vegetation where mainly the oceans adapt to a slight increase of the temperature
by an incremental out-gassing. To get an idea of what this means, if due to Henry's law the CO2 solubility in the ocean
would just decrease 2.5% (say from 40 to 39 milligram-atoms / liter of carbon, see Figure 6 and 7), the oceans would
out-gas 950 Gt-C (2.5% of 38,000 Gt-C) which is more than the current total CO2 2018 atmospheric content (all in Gt-C
units). What one must understand is that due to the very large size of the circulating reservoirs, especially the DIC, a
slight change of temperature producing a small decrease of solubility creates a massive change into the atmospheric
reservoir as it is very small compared to the other reservoirs (e.g. less than 2.5% of the oceans).

29 The 2 decimals precision is illusory as measurements at Mauna Loa, Samoa, South Pole , Point Barrow (Peterson et al., 1982) are
not even at  ±2ppm. But they correspond to the spreadsheet data computed and used to produce the graphs for the Carbon
Budget presented p. 92. The decimals will be dropped later in the text, not to be misleading with respect to the real accuracy to
be expected.

30 The finding presented in this e-book and the CB explained p. 92 are in stark contradiction with IPCC's Ciais et al. (2013), p. 467
Col. 1, statement “With a very high level of confidence, the increase in CO2 emissions from fossil fuel burning and those arising
from land use change are the dominant cause of the observed increase in atmospheric CO2 concentration.  About half of the
emissions remained in the atmosphere (240 ± 10 Gt-C) (113 ppm) since 1750 .” This is an unsupported claim that is presented as
having a “very high level of confidence”!
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The total atmospheric CO2 increase (in Gt-C) since 1900 and up to 2018, whatever its origin, can be estimated at 210Gt-
C, corresponding to 99 ppm (310ppm-409ppm). This is an upward limit as evidence from direct measurements of CO2 in
atmospheric air indicates that the 19th century average concentration was 335 ppmv (Slocum, 1955), but still, let's be
conservative and keep for reasoning 99 ppm and 210 Gt-C (not 74 ppm and 157 Gt-C). In any case, this will not change
much to the observation that follows, as be it  210 Gt-C or 157 Gt-C it corresponds to a new steady state based on a
mere decrease of solubility over 120 years of 0.552% first case or of 0.412% second case on the circulating oceanic DIC
stock of 38,000 Gt-C. So, very small changes of solubility of the surface oceans connected to a massive oceanic DIC
stock can lead to significant atmospheric variations, easily comparable or even well above the anthropogenic emissions
(see Figure  6 and  7).  As an indication, a 1°C increase of the average global oceanic temperature leads to a mean
solubility decrease of 1% (e.g. 10°C to 11°C -1.028% and 15°C to 16°C -1.022%) and a release of ~380 Gt-C over several
decades for a fast circulating stock of 38,000 Gt-C, even though that reservoir is spread across the surface and the IDSO
layers. Major differences of behaviors can be seen between the cold Arctic and Antarctic oceans and the warm tropical
waters, see Figures 91 p.225, and following  92, 93, 94. In the end the solution is obvious as the Primary Productivity
(PP) of the autotrophs31 has increased since 1900 by 30%, e.g. (Pretzsch et al., 2014;  Goklany, 2015;  Campbell et al.,
2017; Haverd et al., 2020) and therefore the organic matter contained in the soils and vegetation has increased by at
least 600 Gt-C (1900 to 2500 Gt-C) since 1900, i.e. SV_increase. Thus we are left with a very simple equation:

Oceans-net-degassing = net_Atm_Increase + SV_increase - ∑ Anthropogenic_emissions (9)

which gives a rough estimation for the Oceans-net-degassing = 210 + 600 – 458 = 352 Gt-C (since 1900). This is not a
surprising  figure  as  the oceans act  as  a  fast  circulating and exchange medium as  reminded by Levy  et  al.  (2013)
“climatological physical fluxes of dissolved inorganic carbon (DIC) are two orders of magnitude larger than the other
carbon fluxes … At temperate latitudes, the subduction of DIC and to a much lesser extent (<10%) the sinking of particles
maintain CO2 undersaturation, whereas DIC is obducted back to the surface in the tropical band (75%) and Southern
Ocean (25%). At the global scale, these two large counter-balancing fluxes of DIC amount to +275.5 Gt-C /yr for the
supply by obduction and –264.5 Gt-C/ yr for the removal by subduction which is 3 to 5 times larger than previous
estimates“, but as the temperature has increased since the end of the Little Ice Age (LIA), they have adjusted by a net
degassing of more than 350 Gt-C since 1900.

It is interesting, in order to provide a better perspective, to backtrack a little to early papers published during the
prehistory of the global warming at a time of nonsensical CO2 computations. Despite their many false assumptions and
dubious computations the papers of Callendar (1938, 1940, 1949), Plass (1956) and Revelle and Suess (1957) are still
quoted as an early proof that the fossil fuel emissions contribute to the increase of the CO 2 in the air; for instance
Table-I of Revelle and Suess (1957) compares cumulative total fossil fuels emissions quoted as 0.2759 10 18 grams CO2 or
76 Gt-C over 1860-1949 to the total atmospheric CO2 (2.35 1018 g CO2 or 651 Gt-C or 307 ppm), as if the emissions were
to remain in the air! Using this nonsense, Revelle and Suess (1957) elaborate: “Thus humans are now carrying out a
large scale geophysical experiment of a kind that could not have happened in the past nor be reproduced in the future.
Within a few centuries we are returning to the atmosphere and oceans the concentrated organic  carbon stored in
sedimentary  rocks  over  hundreds  of  millions  of  years”.  Table  2  of  Revelle  and  Suess  (1957)  assumes  that  the
photosynthesis on land is only 3.12% of the CO2 in the air while the Net Primary Production (NPP) is  about 8.6%
(Haverd et al, 2020); Table 3 says living matter on land is 12% of the atmospheric carbon and dead organic matter on
land 110% while recent estimates are 500/875 = 57% and 2000/875 = 229%; this undervaluation is to support the
amazing statement: ”considering the combined marine and atmospheric reservoir as a closed system in equilibrium…
τ(sea) / τ(atmosphere) = ( carbon in the sea) / (carbon in the atmosphere ) = 59.4. A 14C based guess of 400 years for
τ(sea) gives 400/59.4 = 6.7 years  for the exchange time τ of the atmosphere (…) we conclude that the time it takes on
the average CO2 molecule as a member of the atmospheric carbon reservoir to be absorbed by the sea is of the order of
magnitude of 10 years”. Modern estimate are indeed 11% per year for the ocean but with a NPP of vegetation of say
144/2 = 72 Gt-C/year or 8.2% per year the life time is about 5 years as  1/τ = 0.11 + 0.082 = 0.192.

Back to the residence time, one should notice though, that by using different methods than those aforementioned but
based on isotopic ratios, Revelle and Suess (1957) already concluded a long time ago that the CO 2 residence time was
just slightly longer than what has been assessed above: «From a comparison of C14/C12 and C13/C12 ratios in wood and in
marine material and from a slight decrease of the C14 concentration in terrestrial plants over the past 50 years it can be

31 An  autotroph  or  primary  producer  is  an  organism  that  produces  complex  organic  compounds  using  carbon  from  simple
substances such as carbon dioxide, generally using energy from light or inorganic chemical reactions.
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concluded that the average lifetime of a CO2 molecule in the atmosphere before it is dissolved into the sea is of the order
of 10 years. This means that most of the CO2 released by artificial fuel combustion since the beginning of the industrial
revolution must have been absorbed by the oceans» (Revelle and Suess, 1957). Revelle and Suess (1957) were wise in
challenging the belief of Callendar (1938, 1940, 1949), of Chamberlin (1899) and Arrhenius (1903) that "nearly all the
carbon dioxide produces by fossil fuel combustion has remained in the atmosphere".

It should also be noted that, just to mention one, the paper from Callendar (1938) met polite but strong opposition and
the  discussion  which  goes  with  the  paper  showed  that  nearly  all  scientists  of  the  time  were  doubtful  that  the
temperature variations could be due to radiative effects and stressed the importance of many other factors, including
convection and adiabatic air movements «that it was impossible to solve the problem of the temperature distribution in
the atmosphere by working out radiation.  The atmosphere was not in a state of radiative equilibrium,  and it  also
received heat by transfer from one part to another. In the second place, one had to remember that the temperature
distribution  in  the  atmosphere  was  determined  almost  entirely  by  the  movement  of  the  air  up  and down» (G.  C.
Simpson),  others mentioned «that it was not clear how the calculations regarding the gradual diffusion of CO2 into the
sea were  carried out» (J.  W.  Whipple),  or  stressed «that  the  effect  of  an increase in the  absorbing  power  of  the
atmosphere would not be a simple change of temperature, but would modify the general circulation, and so yield a very
complicated series of changes in conditions» (D. Brunt), others objected «that the rise of temperature was about ten
times as great in the arctic regions as in middle and low latitudes, and he did not think a change in the amount of
carbon dioxide could cause such a differential effect» (Brooks C. E. P.).

Therefore, even though the tune of the exchange was certainly way more courteous than the one used by activists
ecologists and scientists now days, nobody will miss to notice that disagreement was strong and that Callendar (1938)
hypothesis was not considered convincing at the time.

Let's see what are the basic equations if we try to provide an analytical model for the determination of the residence
time of CO2 we can assert that from a physical point of view, anthropogenic releases only add to the other sources. As
stated by Beslu (2018), the problem roughly corresponds to a situation with a bathtub with several taps and drains, or
more precisely with a tank in which several taps bring a fluid with slightly different characteristics and several outlets
open to the outside or to a recirculation loop evacuate the fluid from the large tank (via or without retention tanks).
Circuit  a  bit  complicated certainly  but  the equations that  govern it  are relatively  simple  and do not require  large
calculation software. We have before the industrial era:
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with m mass of Carbon C in the atmosphere, R0 emission of C of oceanic origin, Rv emission of C by vegetation, constant
λ of disappearance or inverse of the average residence time τ of CO2 in the atmosphere. By setting R = R0 + Rv natural
emission sources of C, it comes to equilibrium, i.e. when all  emissions to the atmosphere are exactly equal to the
absorptions by the ocean and vegetation:
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the complete equation being given by:
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or with the average lifetime τ = 1/λ
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After the start of the industrial era, the equation becomes:
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where r ’is the anthropogenic emission. Beslu (2018) then writes that we have:
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or with τ = 1/λ:

���"��  �� ���	 ��� 
� ����
 % 	��� 
� � (16)

30



which after a sufficient time (new equilibrium) will be reduced to (R + r') τ. But we have seen r’ is not constant, so Beslu
(2018)  approximated it  by a  succession of  r’i periods during which  the anthropogenic  emission remains  constant,
rectangular functions of emissions in a way. R is also considered to increase with time according to a linear law (at)
which is in agreement with the equation deduced from the observations since 1958 which he has assumed to be true
since 1850. For i=i+1 we then have:
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This analytical model by Beslu (2018) leads to an evolution of the CO2 concentration in the air close to that observed.
Note, however, that the most uncertain variable is that corresponding to the natural out-gassing R(t) = R 0 + at. Such a
model is way more satisfactory than contorted reasonings based on some sort «impulsions based» processes that
would lead to a different status for natural CO2 and anthropic CO2 as is strangely claimed by some «climatologists» and
it strengthens the other approaches based on (stock / absorbed_flux) and δ13C.

It is not realistic to think that natural CO2 emissions remain constant whatever the climatic conditions, the growth of
carbon dioxide contents [CO2] depends on the temperature (Allègre and Michard, 1973; 1974) according to a law of the
type (e.g. with a=1.8 and T0=-0.8°C):
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while anthropogenic rejection is independent of the temperature. It follows that this growth of [CO 2] comes largely
from the natural  effect  of the degassing of soils and oceans.  However,  whether by the IPCC or the other authors
defending the same line of thought, it is simply affirmed that anthropogenic release is the sole and unique cause of the
increase  in  the  concentration  of  CO2.  This  is  just  plain  wrong  and  has  important  consequences  on  the  General
Circulation Models, i.e. GCMs. To be more accurate, it is obvious that if pCO 2 increases in the atmosphere then the out-
gassing of the oceans will slightly reduce. Let’s note ΔpCO2 the increase in pCO2 in the atmosphere since t=0, thus we
can rewrite the previous equation:
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and as ΔpCO2 increases over time, d[CO2] /dt reduces theoretically to ultimately zero when: ΔpCO2 = a (T(t) -T0), but
that's obviously just a limit case mentioned for completeness and correctness.

But in fact, ocean absorption depends on the temperature ratio between mid latitudes and high extra-tropical latitudes
(Veyres, 2020a). A rough division of the surface ocean into five geographic zones, the inter-tropical which degases, two
intermediate zones in equilibrium with the air and, finally, two zones closer to the poles which pump CO 2 from the air
shows that absorption is not very sensitive to climatic cycles because it depends above all on the temperature ratio of
the last two zones: if CO2 seawater = pCO2 air at 35°N (which determines a DIC), when this surface water without the gyre
arrives at lower temperatures the difference (pCO2 air - pCO2 seawater) of partial pressures at 55°N will be following the
relationship: pCO2 air (1- (T45°N/T35°N)12.5) and depends only on pCO2 air, see note32 and Equations 182 p. 225 and 183 p. 225.
An increase of 1°C in the average temperature of the globe (air temperature close to the surface) would translate,
according to the curve of Budyko-Izrael (Hoffert and Covey, 1992), figure 8 of (Lindzen, 1997) as a function of the sine of
latitude,  by + 0.8°C at  35°N and +1.6°C at  55 N,  because as reminded by Lindzen (1997)  «Thus,  climate  changes
involving primarily changes in the equator-to-pole temperature difference will inevitably scale approximately with the
mean temperature, since changes in the mean temperature are simply a residual of the changes in the equator-to-pole
temperature when equatorial temperatures are approximately fixed».

Therefore, as computed by Veyres (2020) the difference (pCO2air - pCO2 seawater) would go to 55°N from: 
pair (1- ((273.15 + 5) / (273.15 + 20))12.5 ) = 0.481 pair to 
pair (1- ((273.15 + 5 + 1.6) / (273.15 + 20 + 0.8)) 12.5 ) = 0.461 pair, 

which is not in itself a major change, but the surface of the free ice floe will increase a little and the absorption would in
the end be little changed.

32 The flow of CO2 between the atmosphere and the ocean is proportional to the difference between the partial pressure in the air
and the partial pressure of  CO2 in the surface sea water which varies as the power 12.5 of the absolute temperature T of this
water, as the power 10 of the water content of carbon denoted DIC (Dissolved Inorganic Carbon) and as the power 10 of Talk
(Total Alkalinity) : pCO2 seawater (µatm) = 400 (T / 296.42)12.5 (DIC / 2000)10 (2300 / TAlk)10. This partial pressure in seawater is
almost four times greater in the inter-tropical  degassing zone than in the cold zones where absorption takes place  (Veyres,
2020a).
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Questioned by Ball (2014) Is climate change going to be less extreme than you previously thought? “The Revenge of
Gaia was over the top, but we were all so taken in by the perfect correlation between temperature and CO2 in the ice-
core analyses. You could draw a straight line relating temperature and CO2, and it was such a temptation for everyone
to say, “Well, with  CO2 rising we can say in such and such a year it will be this hot.  It was a mistake we all made.”
James Lovelock

We all know that correlation is not causation33 and we need to define and test a mechanism of causation to prove
cause. No study about climate change has been specifically designed to study cause, rather the contrary if you consider
the IPCC mission. Cause is always assumed, expected to be obvious, never tested and if you wonder, then you are a
denier! It awfully looks like religious belief and blaspheme crime. And that is very very poor science. In fact, it’s not
science at all. If we just assumed cause, what if it’s wrong? Then we spent billions of dollars for doing research to try to
solve  the wrong  problem.  We achieved nothing.  We should  begin  to  force  attention and apply  the real  scientific
method to the search for causes of climate change. It seems climate change believers think that the only proven fact,
namely that carbon dioxide absorbs infrared radiations (IRR)34, is enough to prove that what they call “greenhouse
effect” will irreversibly change climate. But  CO2 is  a rather marginal component (0.04%) of a set of various Infrared
Absorption Gases (IRAGs), H2O being by far a more important one and furthermore radiative exchanges being just one
rather minor of the many physical phenomenons acting on temperature and just to name some, e.g. atmospheric
pressure,  convection,  advection,  evaporation,  condensation,  cloud  formation,  oceanic  currents,  winds  and  global
circulation and so many more! If pressed about the causal mechanism you may hear hand-waving with references to
Fourier, Arrhenius, Tyndall, et al., and the fact that “everybody knows that” carbon dioxide absorbs IRR and that a glass
panel  will  let  visible  light  in  but  not  IRR  out  (see  footnote  402,  p.  347).  So  the IRR  absorbed by  carbon  dioxide
supposedly gets “stuck” in atmosphere, staying there until doomsday making atmosphere hotter than it should be.
Even though there’s no glass panels in the sky letting visible light in but not letting IRR out and that the atmosphere has
nothing  to  do  with  a  «greenhouse»  nor  any  of  the  physical  mechanisms  at  play  have  because  it  is  by  blocking
convection that the greenhouse heats. And that, somehow, will make earth’s surface hotter, even though nobody can
come up with the mechanism of heat transfer from atmosphere to earth’s surface that would make earth’s surface
hotter than it should be. It is however unfortunate for the AGW supporters that the physics of heat transfer that we will
revisit later does not support this at all.

Let’s put it that way: it is not because the temperature of the thermometer rose that the patient is ill, but because the
patient is ill that the temperature rose. In that case the dilatation of mercury is the underlying physical phenomenon. It
is not because CO2 increased that the temperature rose, but because the temperature rose that CO2 increased. In that
case the increased degassing of the oceans and soils due to lesser solubility of CO2 in warmer waters is the underlying
physical  phenomenon.  This  can be anticipated from the temperature  dependency of  Henry’s  law (1803)  and was
already reported by Takahashi (1961). Henry’s law shows that the partial pressure in the liquid (in a bottle for instance
where the partial pressure in the air is at equilibrium equal to the in the liquid) is heavily temperature dependent as
seen above, for sea water it is like T12.5 or according to Takahashi (1961) or Takahashi et al. (2009) like exp(-0.0433 T).
When  the  temperature  of  a  system changes,  the  Henry  constant  also  changes.  The  temperature  dependence  of
equilibrium constants can generally be described with the van't Hoff equation (van’t Hoff, 1884), which also applies to
Henry's law constants:
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where Δsol Hσ,s is the enthalpy of dissolution. Note that the letter Hσ,s in Δsol Hσ,s refers to enthalpy of dissolution of the
solute σ in the solvent s at temperature T and is not related to the letter H for Henry's law constants H=1/kH. Integrating

33 http://www.tylervigen.com/spurious-correlations
34 The correct statement should be: carbon dioxide absorbs only over some limited part of the thermal infrared spectrum near

15µm and 4.3 µm. As the blackbody radiation at terrestrial temperatures is negligible at 4.3 µm we are left with the small CO 2

band 18 THz to 22.5 THz (or 16.6 µm to 13.3 µm) while the effective thermal infrared band is 1 THz to 65 THz all of which is made
extremely opaque by the  water vapor (except between 22 and 35 THz).
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the above equation and creating an expression based on H° at the reference temperature T° = 298.15 K yields the
following equation H(T) = H° exp[ (- Δsol Hσ,s / R) ((1/T)-(1/T°))]:
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A reminder along the same line of reasoning is also given by Latour (2014): «Air is well mixed with only minor variation
in  CO2 content with latitude. Ocean is saturated with  CO2 in contact with  CO2 in air. Ocean water circulates up and
down, north and south, east and west, all around35. As warm water flows north and cools by convective and radiant
heat transfer, it absorbs CO2 from air. As cold water flows south and warms by convective and radiant heat transfer, it
releases,  out-gases,  CO2 to air.  If  global  average Tw increases,  water  out-gases and  CO2 in air  increases.  If  global
average Tw decreases, water absorbs and CO2 in air decreases. Oceans are a CO2 reservoir, a sink and source, depending
on  T  changes,  average  about  14.9°C  and  solar  incidence  absorbed/emitted  changes,  average  about  161  w/m2 of
surface». It should also be noted that Henry's law is established for a single solute dissolved in a single solvent. If the
solvent is not pure but contains other components, in particular other solutes, the Henry's constant is modified and
depends on the composition.

Figure 6. Here are shown curves for Carbon species in solution Cs in mg.atoms/L at different temperatures and chlorinities in sea-
water. They represent the amount of H2CO3, in milligram atoms of carbon per liter of sea water, in solution under the
designated conditions when the partial pressure of CO2 is 1 physical atmosphere. At 20°C and 19 ‰ Cl, Cs is 34.2. That is,
a partial pressure of one atmosphere of CO2 would be in equilibrium with a solution containing 34.2 milligram-atoms of
carbon as free CO2 + H2CO3. Source Sverdrup et al. (1942), fig 41, p. 202.

Figure 6 shows that the solubility of permanent gases usually decreases with increasing temperature and CO 2 solubility
is thirty times that of oxygen (Marinov and Sarmiento, 2004). Given Henry's law Pσ  = xlσ kH,σ,S (where xlσ  is the molar
fraction of the solute σ in the liquid mixture) at partial pressure Pσ of solute constant, if kH,σ,S increases then the molar
fraction in liquid phase xlσ can only decrease: therefore for most gases the solubility decreases when the temperature
increases  (Figure  6). The average curve for  19  ‰ Cl  of  Figure  6,  can be reasonably  approximated using Θ as  the
temperature by the following  equation 22 and is showed in Figure 7.
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Figure 7. Approximation of the decrease of  the solubility as a  function of  the temperature  Cs=f(Θ)  according  to the equation
proposed.

35 It is the upwelling with the layer with DIC = 2250 µmole/kg at 100 m below the surface which brings the 275 Gt-C on the surface
between the Tropics, 110 of which are degassed.
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Thus the solubility of a gas in sea water is lower than that in fresh water due to the competition between the dissolved
gas and the dissolved salts. Carbon dioxide (CO2) partially forms, by reaction with water, carbonic acid (H2CO3), which
itself, depending on the pH of water forms the hydrogen carbonate (HCO 3

−) and carbonate (CO3
2−) ions. As a result, the

more basic the pH of the water, the more carbon dioxide can be dissolved in the water. We can write these 3 reactions
and their  corresponding Henry's  law equilibrium constants as (a more complete presentation of these reactions is
available in section “The Myth of the Acidification of the Oceans” p.210):

a) CO2 + H2O <=> H2CO3 (reaction 172, p.213) and
b) H2CO3 <=> HCO3

− + H+ (reaction 167, p.211) and
c) HCO3

− <=> CO3
2− + H+ (reaction 168, p.211)

The first chemical equation a) represents the equilibrium of CO2 in the atmosphere with dissolved CO2 in the water. The
equilibrium constant, Henry’s Law, for this reaction is: K

CO2  
= [H2CO3] /  PCO2

= 10-1.47 and the equilibrium constant for the
two others b) and c) are: K1 = [H+] [HCO3

−] / [H2CO3] = 10-6.35 and K2 = [H+] [CO3
2−] / [HCO3

−] = 10-10.33

Furthermore, Latour (2014) reminds us that: «Engineers know the rate of mass transfer of any component, x, across any
gas-liquid interface is proportional to the difference between partial pressure of x in liquid and its partial pressure in
vapor. Partial pressure = mol fraction* total pressure = x*Pt. 
PPa = Partial pressure CO2 in air is 400 ppmv * 1 atm = 0.0004 atm
PPw = Partial pressure CO2 in liquid = f*X*Tw, where f = fugacity, X =  CO2 concentration in water and Tw = water
Temperature. When Tw increases, solubility decreases and PPw increases.
Transfer rate of CO2 from air to water is: TR = r*A*(PPa – PPw) > 0, where r is the interfacial film coefficient (i.e. a mass
transfer rate constant), and A = interface surface area of transfer. If TR < 0, transfer is in other direction, from water to
air. TR (in mol/hr) = r*A(x*Pa – f*X*Tw) = r*A*(0.0004 – f*X*Tw).
This quantifies the rate of CO2 from air to water increases with its 400 ppmv content in air, a stabilizing effect, and also
when Tw decreases (i.e. ocean is a sink in cold waters). As Tw increases, absorption rate decreases and can turn to out-
gassing»

This brief reminder of physical chemistry will now enable us to consider how CO2 lags the temperature (and therefore
does not cause its change), for both the immediate measurements that are available over the last decades and for the
ice cores were the “névé” behaves like a temporal low pass filter.

(Humlum  et al.,  2013) use data series on atmospheric carbon dioxide and global temperatures and investigate the
phase relation (leads/lags) between these for the period January 1980 to December 2011 and conclude: «Thus, the
simplest  explanation  of  observed  changes  in  DIFF12  for  atmospheric  CO2 is  that  they  are  induced  by  changes  in
temperature, as illustrated by Figs. 2–10. Consequently, a substantial part of the atmospheric increase of  CO2 since
January 1980 can be explained by associated changes in temperature, and presumably especially changes in ocean
temperatures (Toggweiler,  1999; Monnin et al.,  2001; Goldberg,  2008), as this is where we find both the strongest
correlation to changes in CO2 (Figs. 4, 6 and 8), and the longest time lag»

There cannot be a more unambiguous statement than: «Summing up, monthly data since January 1980 on atmospheric
CO2 and sea and air  temperatures unambiguously demonstrate the overall  global  temperature change sequence of
events to be 1) ocean surface, 2) surface air, 3) lower troposphere, and with changes in atmospheric CO2 always lagging
behind changes in any of these different temperature records» (Humlum et al., 2013). The logical inference is: «A main
control on atmospheric CO2 appears to be the ocean surface temperature, and it remains a possibility that a significant
part of the overall increase of atmospheric CO2 since at least 1958 (start of Mauna Loa observations) simply reflects the
gradual warming of the oceans36, as a result of the prolonged period of high solar activity since 1920 (Solanki et al.,
2004). Based on the GISP2 ice core proxy record from Greenland it has previously been pointed out that the present
period of warming since 1850 to a high degree may be explained by a natural c. 1100 yr periodic temperature variation»
(Humlum et al., 2013).

Of course, Humlum  et al. (2013) conclusions have not triggered a lot of enthusiasm in the 'CO2 greenhouse effect
explains  all'  community  and  Kern and  Leuenberger  (2013)  argued  «1)  what  could  be  the  sink  for  fossil  fuel  CO2

emissions,  if  neither  the  atmosphere  nor  the  ocean -  as  suggested  by  the  authors  -  plays  a  role?  2)  What  is  the

36 See for example:
https://woodfortrees.org/plot/esrl-co2/from:1995/derivative/mean:12/scale:2/mean:6/plot/hadsst3gl/from:1995/to/mean:6 
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alternative explanation for ocean acidification if the ocean is a net source of CO 2 to the atmosphere? Probably the most
provocative  point  of  the  commented  study  is  that  anthropogenic  emissions  have  little  influence  on  atmCO 2

concentrations. The authors have obviously ignored the reconstructed and directly measured carbon isotopic trends of
atmCO2 (both δ13C, and radiocarbon dilution) and the declining O2/N2 ratio, although these parameters provide solid
evidence that fossil fuel combustion is the major source of atmCO2 increase throughout the Industrial Era ». Everyone
will make his / her own judgment, but it appears that as will be developed later and summarized in Figure 28 p.92, the
cumulated  uptake  by  land  and  forests  based  on a  non  linear  model,  where  all  processes  are  dependent  on  the
temperature, leads to a major sink and as developed in the “Anthropic CO2 is 6% of tropospheric [CO2]” section p. 19 of
this paper the  δ13C measures prove the opposite of what Kern and Leuenberger (2013) state, know that the current
anthropic concentration is only 6% of the total [CO2].

For the contents of ice cores at geological times, the mechanism of absorption of  CO2 in the “névé” over a hundred
meters (this neve is light snow at the top and compact ice at the bottom) makes it a temporal low-pass filter which
eliminates variations happening faster than the accumulation time of 100 m of “névé”, i.e. a millennium at a rate of 100
mm / year, which is an order of magnitude of precipitation in the middle of Antarctica; the observations are there: CO2

is 800 years behind the temperatures determined by isotopic means (deuterium or oxygen 18) and lags temperature
(Uemura et al., 2018).

Analysis of the Vostok ice-cores shows that it is the rise in temperatures which increases the CO2 in the atmosphere (by
degassing) and not the reverse. This process still applies today and again, even for small temperature variations, the
delay of CO2 is of a few months (Humlum et al., 2013). For ice cores from the Antarctic, many authors have, since 1999
(Fisher et al., 1999; Monnin et al., 200137; Caillon et al., 2003; Quinn, 2010; Bereiter et al., 2012; Uemura et al., 2018)
shown that changes in the CO2 content of Antarctic ice cores follow temperature changes from 400 years to 800 years
(or more), and therefore cannot be the cause, but are the consequence. «High-resolution records from Antarctic ice
cores show that carbon dioxide concentrations increased by 80 to 100 parts per million by volume 600 ± 400 years after
the warming of the last three deglaciations» (Fisher et al., 1999).

Even the third author of (Caillon  et al., 2003), i.e. Severinghaus (2004) had to acknowledge that  CO2 cannot be the
driver of  climate change at a glaciation termination «From studying all  the available data (not  just  ice cores),  the
probable  sequence  of  events  at  a  termination  goes  something  like  this.  Some (currently  unknown)  process  causes
Antarctica and the surrounding ocean to warm. This process also causes CO2 to start rising, about 800 years later… In
other words, CO2 does not initiate the warming, but acts as an amplifier once they are underway».  Then as a denier of
his own major discovery, a typical example of cognitive dissonance (a psychological defense mechanisms that will be
elaborated further on later, i.e. p.297), Severinghaus (2004) adds «So, in summary, the lag of CO2 behind temperature
doesn’t tell us much about global warming». This is a truly amazing example of a confirmation bias, i.e. the tendency to
search for, interpret, favor, and recall information that confirms or support one's prior personal beliefs or values. It is an
important type of cognitive bias that has a significant effect on the proper functioning of society by distorting evidence-
based decision-making.

The next step in that flawed logic is to elaborate physical notions like «forcings» (Myhre et al., 2013), «feedbacks» and
the like which are unknown to Physics as reminded to us by Gerlich and Tscheuschner (2009) «The main strategy of the
defenders of CO2 - greenhouse effect seems to hide behind more and more pseudo-explanations taking advantage of
points which are not usually taught in physics. An example is the radiative transfer calculations that probably few know.
Another example is that of feedbacks used to amplify an effect that is not even marginal because it does not exist at all.
Obviously  the  defenders  of  the  thesis  of  "CO2-greenhouse  effect"  refuse  to  accept  reproducible  calculations  for
explanation and have recourse to non-reproducible calculations».

Severinghaus (2004)  is no exception to the rule by declaring «This process also causes CO2 to start rising, about 800
years later. Then CO2 further warms the whole planet, because of its heat-trapping properties. This leads to even further
CO2 release. So CO2 during ice ages should be thought of as a “feedback”, much like the feedback that results from
putting a microphone too near to a loudspeaker».  So, the third author of a major article in the leading peer-reviewed
journal, i.e. «Science» honestly and almost candidly states one year after its publication that they have no idea what
starts to warm up our world from an ice age but that they know with certainty what has caused the warming of the last
three decades, invoking pseudo-physics of «feedbacks». It’s not a geochemical discussion any longer here that prevails,

37 “We found that the start of the CO2 increase thus lagged the start of the δD increase by 800 ± 600 years, taking the uncertainties
of the gas-ice age difference and the determination of the increases into account” In: Monnin et al. (2001) p. 113.
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it’s the realm of cognitive psychology filled with cognitive dissonances and confirmation bias that prevent even clever
people to depart from dogmatic self-assurance and self-reassuring beliefs. We will be back on the Caillon et al., (2003)
paper in the section dealing with cognitive dissonances.

As far as ice-cores are concerned, similar results are presented by Indermühle et al. (2000) dealing with the ice core of
Taylor Dome, Antarctica and similar time lag between CO2 and temperature are reported, the maximum correlation R
being obtained between CO2 and T by «Shifting the time scale of the CO2 record in steps of 100 yr yields a maximum
value of R = 0.83 at a time lag of CO2 of 900 yrs». Furthermore, in order to evaluate the sensitivity of the lag, the
authors add «In order to test the sensitivity of this lag to the uncertainty of the control points and of ∆age of the Vostok
ice core (1000 yr), (Petit et al., 1999), we performed a Monte Carlo simulation (2000 runs) where the ages of the control
points have been varied randomly within estimated uncertainties. The simulation yields a lag of (1200 ± 700) yr. This
value is roughly in agreement with findings by Fischer et al.  (1999) who reported a time lag of CO 2 to the Vostok
temperature  of  (600±400)  yrs  during  early  deglacial  changes  in  the  last  3  transitions  glacial–interglacial».  Results
obtained from the EPICA Dome C are also consistent with what has been presented before for a different termination.
Landais et al. (2013) report «Here we present high-resolution records of atmospheric CO2 concentrations and isotopic
composition of N2 -an atmospheric  temperature proxy -  from air  bubbles  in the EPICA Dome C ice core that span
Termination II.  We find that atmospheric CO2 concentrations and Antarctic temperature started increasing in phase
around 136 ka, but in a second phase of Termination II, from 130.5 to 129 ka, the rise in atmospheric CO2 concentrations
lagged  that  of  Antarctic  temperature  unequivocally» and  conclude  that  they «investigate  the  processes  that  may
explain the slowdown of the atmospheric CO2 concentration when Antarctic temperature is rising, during phase II-b».
Same for Roe (2006) “Furthermore,variations in atmospheric CO2 appear to lag the rate of change of global ice volume.
This implies only a secondary role for CO2”. Got it ?

But Humlum et al. (2013) conclusions should not have come as a surprise as these results could have been anticipated
from the work done by Kuo  et  al.  (1990) more than a decade before,  these Bell  Labs researchers use  "telecom"
techniques for processing the two temperature and  CO2 time series in the frequency domain to establish that  CO2

concentrations follow the temperatures: «The hypothesis that the increase in atmospheric carbon dioxide is related to
observable changes in the climate is tested using modern methods of time-series analysis. The results confirm that
average  global  temperature  is  increasing,  and  that  temperature  and  atmospheric  carbon  dioxide  are  significantly
correlated over the past thirty years. Changes in carbon dioxide content lag those in temperature by five months». (Kuo
et al., 1990). Similar results are obtained using different methods by Koutsoyiannis and Kundzewicz (2020).

Park (2009),  a geology professor at  Yale,  employs techniques in the frequency domain to establish that  the [CO2]
contents follow the temperatures according to the formula: d[CO2]/dt = k(T(t)-T0) that will be used thereof in this paper.
Finally, before concluding this section, it is worthwhile to draw the reader’s attention to the work of Beenstock et al.,
(2012), this article by two economist professors in Tel Aviv and a meteorologist demonstrates through the statistical
tests of co-integration of time series developed in econometrics since the years 1985-1995 that to avoid unfounded
correlations, there can only be correlation between d[CO2]/dt and T (t) and that it is necessary to differentiate once the
time series of the CO2 concentrations before looking for correlations with the series of temperatures.

The conclusion of all what has been presented is pretty straightforward and unequivocal: CO2 is just a lagging proxy on
the temperature and the natural and regulating source is dominantly the oceans. Another formulation for these 94%
coming from natural sources (mainly the oceans and the soils and vegetation) is  d[CO2](t)/dt  = a T(t)  + b.  Hence
Equation 23 by Veyres (2018) :
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The grey curve of the next Figure 8 is dy1 (t) / dt for dt = 12 months; y1 (t) = y (t) - y2 (t) is calculated by removing from
y(t) observed at the Mauna Loa Observatory (MLO) (or elsewhere) the small quantity y2 (t) calculated from economic
statistics38.  The derivative dy1 (t) / dt is correlated to the yellow-green curve 1.7 (T (t) -T0) or 1.7 (TA (t) - (-0.8 ° C)). T (t)
is the monthly mean of the temperatures of the inter-tropical lower troposphere and AT (t) is the quantity, called
anomaly, obtained by taking the difference of T (t) and the average of T (t) over the same months from 1981 to 2010.
The El Niño events,  when they occur, modulate both the inter-tropical  temperatures T (t) and the degassing.  This

38 y2 (t) or CO2 of fossil fuels "left in the atmosphere" in ppm, calculated by weighting by exp (-t / 5) the historical consumption of
fossil fuels.
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relationship between inter-tropical temperatures and the time derivative dy (t) / dt of the y (t) series of monthly ppm
averages at Mauna Loa has been published several times, e.g. see (Beenstock et al., 2012). 

Figure 8. The CO2 content of the air is a consequence of past inter-tropical temperatures, in fact their time-integral: in grey the time
derivative of the ppm, in yellow-green a linear function of  the inter-tropical  UAH-MSU temperature anomaly39 TA(t),
(Soares, 2010; Veyres, 2018). This also shows the extraordinary variability of the annual increments in ppm, from less
than 0.5 in 1993 or even close to zero in 1959 (off the graph), to more than 3ppm in 2016 ( El Niño), thus with inter-
annual variations of more than 500% over the period, whereas man-made emission are regular and steadily increasing.
Therefore, just from this simple observation,  man-made emissions cannot explain the annual increments measured.
Data from Spencer et al. (2015).

One shall notice that unit root tests on time-series made popular by David Dickey and Wayne Fuller (Maddala and In-
Moo Kim,  1998)  or  KPSS  (Shin  and Schmidt,  1992)  require  the  ppm curve to  be derived  once  w.r.t.  time  before
attempting a correlation with the temperatures. The correlation between dy (t) / dt and AT (t) is also verified by Wang
(2013), and Wang (2014) and by the appearance of the autocorrelation functions of the time series; that of fossil fuel
emissions is very different from that of the 12-month increments of the Mauna Loa Observatory (MLO) series and that
of  the inter-tropical  temperatures.  It  is  therefore  a  deception to  say that  increases  in ppm observed at  MLO are
correlated with CO2 emissions from fossil fuels. Non-stationary series may suggest false correlations; the existence of a
possible correlation must be studied after having subtracted from each of the two time series its own linear trend. As
stated by Munshi (2015; 2016b) «A statistically significant correlation between annual anthropogenic CO2 emissions
and the annual rate of accumulation of CO2 in the atmosphere over a 53-year sample period from 1959-2011 is likely to
be spurious because it vanishes when the two series are detrended. The results do not indicate a measurable year to
year effect of annual anthropogenic emissions on the annual rate of CO2 accumulation in the atmosphere». See also
Munshi (2016a) for spurious correlations. 

Figure 9. Annual anthropogenic emissions in Gt-C per year (1959-2018) (red) compared to the yearly annual [CO2] increment in
ppm (blue) as measured at the MLO station show no relationship. Inter-annual ppm increases may vary enormously, e.g.
1973 (2.97), 1974 (0.09), 1997 (1.0), 1998 (3.28), 1999 (1.16) whereas emissions are regular with a steady progression.
Nature drives the annual increase. Data from: https://www.worldometers.info/co2-emissions/co2-emissions-by-year/.

39 http://apdrc.soest.hawaii.edu/datadoc/msu_uah_anom.php
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It  doesn't take a remarkable analytical mind to realize that there is simply no relationship between anthropogenic
emissions, which have been steadily increasing, and the annual ppm increments as measured at the MLO, which are
erratic and dependent as we have seen on Figure 8, on the inter-tropical ocean temperatures. This is simply obvious as
displayed on Figure  9,  where the anthropogenic emissions are visible in  red, and appear as a regular and steadily
increasing series progressing from 2.45 Gt-C in 1959 to 10.14 Gt-C in 2018 whereas the annual ppm increase measured
at  MLO,  displayed  in  blue,  is  erratic,  unrelated  to  the  former  and  depends  on  of  the  inter-tropical  UAH-MSU
temperature anomaly as explained before. Years with very small ppm increases are cold years, e.g. 1959 (0.06), 1965
(0.15), 1974 (0.09), 1993 (0.5), whereas years with significant increases are typically  warm or El Niño years such as
1973 (2.97),  1983 (2.57),  1998 (3.28) or 2016 (3.27).  Nature drives the process and inter-annual  variability can be
enormous and a lot more than 500%.

Figure 10. Carbon dioxide concentrations over the ocean, i.e. surface p(CO2) (µatm) essentially shows the outgassing from the warm
intertropical oceans. Source: Barry et al. (2010) and data from Takahashi et al. (2009).

Thus, as Veyres (2018) concludes «Hence the ppm are the integral over time of the temperature anomaly of the inter-
tropical  zone  where  out-gassing  takes  place,  a  consequence  of  past  temperatures;  CO2 ppm  cannot  control  the
temperature», and as visible on Figure  10 and further explained by Barry et al.  (2010) “Unlike atmospheric p(CO2),
which is relatively homogeneous over the Earth, aqueous p(CO2) and other ocean carbonate system parameters can
vary greatly over space and time. Water temperature and salinity influence the solubility of carbon dioxide in seawater,
widening the range of variability in the carbonate chemistry of the oceans, particularly with latitude”.

The flow of carbon dioxide between the surface ocean and the air follows from the difference in partial pressures
(Wanninkhof, 1999; 2009; 2013) “and is worth k × K0 × (pCO2eau− pCO2air) with k = 0.251 (Sc / 660) -0.5 <U240>; it is weakly
dependent on salinity. Sc (t) is the Schmidt number, Sc (t) = 2073.1 -125.62 t + 3.6276 t 2 - .043219 t3 where t is the
temperature in °C of seawater. The factor (Sc / 660) −0.5 increases from 0.54 to 1 and to 1.37 when t goes from -1.5°C to
+ 20°C and to +32°C, which amplifies the degassed flow. <U2> is the second order moment of wind speed; according to
Figure 5 of (Wanninkhof, 2013) it ranges from 30 m²/s² near the equator to 100 m²/s² at 50°N and perhaps 120 m²/s² or
even 150m²/s² at 50°S, as explained by Veyres and Maurin (2020).

CO2 concentration has mainly increased since the end of the Little Ice Age and since the end of the last glacial period
because the oceans are warming and as was demonstrated, anthropic CO2 does not represent more than 6% of the
overall [CO2] and the average residence time of any CO2 molecule (be it anthropic or not) is less than 6 years. CO2 plays
a rather insignificant role in the "grand climate scheme" at work and its IR absorption and contribution to the Earth’s
temperature are totally minor effects in  the overall  phenomenons at  play.  Therefore the following sentence is  an
absolute deception “The removal of all the human-emitted CO from the atmosphere by natural processes will take a
few hundred thousand years (high confidence) … we assessed that about 15 to 40% of CO 2 emitted until  2100 will
remain in the atmosphere longer than 1000 years” (IPCC, 2013) AR5 WG1, p. 472, which lies at the core of the IPCC
dogma and trickery.

Not  even  considering  the  physical  mechanisms  that  would  be  underlying  the  relationship  between  CO 2 and  T,
Klyashtorin  and  Lyubushin  (2003)  first  tried  to  verify  if  there  was  a  statistical  correlation  (rigorous,  i.e.  in  the
mathematical sense of the term) between the consumption of fuels on the planet (including coal, gas and fuels) and the

40 U2 is the second order moment of the wind speed (Wanninkhof, 1999; 2009; 2013)
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temperature variations recorded on the planet from 1861 to 2000. That is to say since the beginning of the industrial
era. It should be noted that, in doing so, they are freeing themselves from contentious arguments concerning the exact
proportion of CO2 released by man and stagnating in the atmosphere. It's quite simple: these two researchers want to
know if there is a real correlation between the consumption of fuels made by industrial and other activities and the
temperature of the planet, without worrying about the physical cause. It is a pure statistical correlation analysis. If
there is none, one hardly see why there would be a need to limit such a consumption.

Figure 11. Comparative dynamics of the World Fuel Consumption (WFC) and Global Temperature Anomaly (dT) 1861–2000 (checked
against O18 ice-core content in Greenland). Thin line shows the annual dT; Bold line is a 13-years moving average; The
thick gray line made of squares is the WFC (million tons of nominal fuel). From Klyashtorin and Lyubushin (2003).

Basically what does Figure  11 from  Klyashtorin and Lyubushin (2003) show? There are as many periods of negative
correlations as of positive and it also identifies clearly two periods during which the temperature decreased whatever
the  fraudulent  actions  of  William Connolley41 (a  Cambridge-based  software  engineer  and  Green  Party  activist  co-
founder along with Michael Mann and Gavin Schmidt of the deceptive realclimate.com blog) who removed the highly
inconvenient  references to the global cooling scare of  the 1970s from Wikipedia, the world’s most influential and
accessed informational source, by tampering 5428 articles and by obstructing other authors who dissented. All those
misconducts that are well documented by Delingpole (2009b), will permanently taint the scientific reputation of the
two  other  co-founders  and  will  definitely  tarnish  their  scientific  legacy  and  standing.  This  is  not  only  childish  or
bordering on mental illness as at an age of digitization of all sources and information, there will be no means to wipe off
the records neither the 1970 cooling scare not the long periods during which the temperature simply decreased during
the XX century, as there are not only plain visible on  11, but also archived in more than 285 papers listed, e.g. by
Richard (2016). There is no need to be a member of the Russian Academy of Science like the two authors to see what is
visible  in  plain  sight,  there  are  five  main  periods  alternating  ascending  and  descending  temperature  anomalies
(correlations between WFC and dT given in parenthesis): ascending 1861-1875 (+0.92), descending 1875-1910 (-0.71),
ascending 1910-1940 (+0.28),  descending  1940-1975  (-0.88),  ascending  1975-2000 (+0.94).  Tampering the data  as
explained and shown in Figure  106 and  107 p.  279, will not change Nature nor the scientific truth and not only the
1940-1975 cooling was acknowledged by Hansen (1981) who stated “The major difficulty in accepting this theory has
been the  absence  of  observed warming  coincident  with  the  historic  CO 2 increase.  In  fact,  the  temperature  in  the
Northern Hemisphere decreased by about 0.5°C between 1940 and 1970 (9),  a time of rapid CO2 buildup", but the
continuous adjustment of the tampered time-series is becoming so obvious that it is just plain ridiculous. On the very
Fig. 3 of Hansen (1981), the difference between the decades [1880-1890] and [1970-1980] stands at 0.35 °C, while
latest GISS “adjusted” series show now an unjustified additional increase of +0.55 °C. Unjustified of course, as by any
reasonable account the spread across two decades separated by 90 years of past temperature anomalies remain what
they were. This “adjustment” is  of  the same order of  magnitude as the 60 year oscillation that  was identified by
Klyashtorin and Lyubushin (2003) who conclude “Unlike the monotonously and exponentially increasing of WFC, the
dynamics of global  dT against the background of an age-long linear trend, undergo quasi-cyclic fluctuations with a
period about 60 years.  No true linear correlation exists between the Global dT and WFC dynamics for the last 140
years”.  This  is  what science shows by providing irrefutable  evidences and the Paris  Accord does enforce just  the

41 The inability of Wikipedia “arb commission” in dealing with Connolley's misbehaviors is revealed in Forte and Bruckman (2008).
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opposite on the false claims that there does exist a positive correlation between WFC and the temperatures. A shame,
indeed, when politics corrupt science.

Recently, some authors seem to discover that “Terrestrial ecosystems play a significant role in the global carbon cycle
and offset a large fraction of anthropogenic CO2 emissions. The terrestrial carbon sink is increasing...” (Keenan et al.,
2016). As Javier (2018d) realistically states “So, we were unable to predict a few decades ago that over 50% of our fast-
growing emissions would disappear from the atmosphere without any time delay, or that the fraction removed could
actually increase despite exponentially increasing emissions, yet we have high confidence that 15-40% will remain in the
atmosphere  1000  years  from now.  Clearly,  we  hugely  underestimated the  carbon  sinks  capacity  to deal  with  our
emissions, so we cannot have high confidence in distant future predictions”.

Furthermore, if we just consider radiative effects which are not the most important and by far, H2O vapor is a much
more important gas than CO2 both given its absorption spectrum and its concentration at always more than 1% average
(except at the poles) but up to 5% of the atmosphere - not a mere 0.04%. Its short residence time does not change
anything to its permanent presence in the atmosphere, and to its overriding radiative role with respect to CO 2. But,
radiative processes are the least important phenomenons to consider and we will  address the next major one, the
atmospheric pressure which determines the temperature on the ground. Then we will  see how the atmosphere is
opaque to IR radiations and how so many other processes account for heat transfers and contribute to the Earth’s
temperature.
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In the early seventies I stumbled into my father’s library on a book that amazed me as a youngster, i.e. «Planets and
Life»  (Sneath,  1970),  actually  the French  version  of  it  translated  by  François  de  Closets.  At  the time,  before  the
exploration of the solar system by spacecrafts, most of the information obtained on the atmosphere of the planets and
on  the  nature  of  their  soils  had  been  gathered  by  telescopic  observations  (actually  mainly  refractors  then)  by
spectroscopic and polarimetric studies. It is amazing that as early as the 1920s, the surface temperature and pressure of
Mars were reasonably known. Pettit and Nicholson (1924) report observations of the radiation from Mars made with
the vacuum thermocouple attached to the 100-inch telescope at the Mount Wilson Observatory on eleven days since
November, 1923. «From these results we may conclude that the radiation temperature of the center of the illuminated
hemisphere of Mars is a little above freezing, and that the mean temperature of the pole cap is about -70° centigrade.
The measures on the limb give the mean value over a region extending inwards to about one-fourth of the radius
towards the center, and this is about -13°C.».

During the 1920s, Lyot (1929) used a polarimeter to study the surface properties of the Moon and planets and he noted
that based on the amount of sunlight scattered by the Martian atmosphere, he could set an upper limit of 1/15 the
thickness of the Earth's atmosphere. This restricted the surface pressure to no greater than 2.4 kPa (24 mbar 42). These
polarimetric studies were extended by Dollfus (1957) and Dollfus et al. (1969) and lead to the characterization of the
nature of the ground. Furthermore, as early as in 1947, Kuiper (1947) while working at Yerkes Observatory in Wisconsin
and using infrared spectrometry, finds that the thin atmosphere of Mars consists mainly of CO2. NASA’s Mariner 443 and
Mariner 944 delivered in 1965 and 1971 the first images of the red planet.

Similar efforts were conducted for Venus with the discovery of CO2 in its atmosphere by infrared spectrometry with the
100-inch Hooker telescope by Adams and Dunham (1932) and temperature were measured (though the top of the
clouds) by Pettit and Nicholson (1955) «These means temperatures, -37°C and -42°C for the dark and the bright sides,
respectively, refer to the top of the high cloud-cover of Venus». NASA’s Mariner 2 made radiometer measurements of
the temperature while becoming the first spacecraft to fly past another planet then, passing within 35,000 km of Venus
on 14th Dec 1962. In 1967, Venera 445 confirmed that the atmosphere consisted primarily of carbon dioxide, providing
the first chemical analysis of the Venusian atmosphere, showing it to be primarily carbon dioxide with a few percents of
nitrogen  and  below one percent  of  oxygen and water  vapor.  While  entering  the atmosphere it  became the  first
spacecraft  to  survive  entry  into  another  planet's  atmosphere.  The  first  successful  landing  are  made  by  Venera  7
(broadcast data for only 23mn) in 1970 and Venera 8 in 1972 which revealed the extreme surface temperature of 455-
475°C. Venera 9 landed on the 22nd of Oct. 1975 and beamed back the first pictures of the surface of Venus with a
surprisingly good visibility; the lander was the first to return images from the surface of another planet.

Thus,  after  reading  Sneath  (1970)  in  the  mid-seventies,  I  was  already  amazed  at  the  time  to  fathom  that  the
atmosphere of Venus was mainly made of carbon dioxide (96.5%) and that the ground pressure was 93 bar whereas the
tenuous atmosphere of Mars was also mainly made of carbon dioxide (95.3%) but with a ground pressure of only 0.006
bar. Of course the difference of the ground temperature are striking: Mars’ surface temperatures may reach a high of
about 20 °C (293 K; 68 °F) at noon, at the equator, and a low of about −153°C (120K; −243°F) at the poles whereas
Venus is by far the hottest planet in the Solar System, with a mean surface temperature of 735 K (462°C; 863°F). Then it
dawned on me rapidly, observing that the temperature on Earth drops when you go up in the mountains, that there
was a direct relationship with the atmospheric pressure and that the composition of the atmosphere itself did not seem
to play a major role.

Before developing the aspects that are relevant to the present discussion, let's state that what is the general viewpoint
that is being considered in this section, which is well summarized by Wilde and Mulholland (2020) "We discuss how
with knowledge of three simple meteorological parameters of tropopause elevation, tropopause temperature and lapse

42 The Martian surface pressure varies through the year, but it averages 6 to 7 millibars.
43 Mariner 4 spacecraft performs the first successful flyby of Mars passing within 9846 km of the surface. It takes 21 images of the

Southern hemisphere of an area billions of years old, heavily cratered.
44 Mariner 9 is the first spacecraft to orbit another planet. It finds huge dormant volcanoes, a giant system of canyons and signs of

erosion by fluids and reveals that the Southern hemisphere is more cratered than the younger Northern hemisphere.
45 Soviet Venera 3 is the first spacecraft to reach another planet, crashing onto Venus on 1st of March 1966.
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rate for each atmospheric cell, combined with the measurement of the area of that cell, the average global surface
temperature can be calculated". Detailed meteorological considerations are not addressed because they go far beyond
the scope of this section and are furthermore completely irrelevant as the emphasis is on understanding and obtaining
an average  global  surface  temperature,  anywhere  on Earth  given the aforementioned  parameters,  and  especially
thanks to the notion of Lapse Rate (LR), which designates the rate of change in temperature observed while moving
upward through the Earth’s atmosphere. The LR is considered positive when the temperature decreases with elevation,
which is the general case, otherwise it is referred to as a temperature inversion. There are several LRs that are essential
for both practical and theoretical studies. The most commonly used LRs are the Dry air Adiabatic Lapse Rate (DALR), the
Moist unsaturated air Adiabatic Lapse Rate (MALR), the Saturated air Adiabatic Lapse Rate (SALR), the International
Standard Atmosphere Lapse Rate (ISALR), the Dew Point Lapse Rate (DPLR) and the Environmental Lapse Rate (ELR).
The most simple definition of the LR of non-rising air, commonly referred to as the normal, or ELR, is highly variable,
being  affected  by  radiation,  convection,  and  condensation;  it  averages  about  6.5  °C  per  kilometer  in  the  lower
atmosphere (troposphere) and differs from the Adiabatic Lapse Rate (ALR), which involves temperature changes due to
the rising or sinking of an air parcel. Adiabatic lapse rates are usually differentiated as dry (DALR) or moist (MALR). The
DALR depends only on the specific heat capacity of air at constant pressure and the acceleration due to gravity and
equals 9.8 °C per kilometer. But, when an air parcel that contains water vapor rises, some of the vapor will condense
and release latent heat, these are the MALR or SALR. This process causes the parcel to cool more slowly than it would if
it were not saturated. The MALR varies considerably because the amount of water vapor in the air is highly variable.
The greater the amount of vapor, the smaller the adiabatic lapse rate. As an air parcel rises and cools, it may eventually
lose its moisture through condensation; its lapse rate then increases and approaches the dry adiabatic value. The first
detailed discussion of the notion of lapse rate is provided by Brunt (1934, 1952), and in particular the ALR in Brunt
(1934), $19 and $20 p. 37-39. A more general presentation of atmospheric physics can be found in Wallace and Hobbs
(2006), with presentations of the vertical structure of the atmosphere p. 9 - see also  (Chamberlain and Hunten (1987)
Chapter 1, p.1-70; Schlatter (2010)) - of the the DALR p. 77, and the SALR p. 84. A general introduction to planetary
atmospheres is given for example by Pollack and Yung (1980) or by Sánchez-Lavega (2011).

The very reason of the existence of a Lapse Rate was pointed to long before, by the kinetic theory of gases which states
that the average molecular kinetic energy is proportional to the ideal gas law's absolute temperature and Maxwell
(1873) gave the first mechanical argument that molecular collisions entail an equalization of temperatures and hence a
tendency towards equilibrium. Consider a gas of N molecules, each of mass m, one gets - knowing that:
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and combining it with the ideal gas law:
3 4 �5 6 7) (25)

(where kB  is the Boltzmann constant and T the absolute temperature defined by the ideal gas law), the temperature is
given by equation (26):
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As we see, the kinetic theory of gases enables to link the temperature T and the pressure P (Equation 25). In terms of
the kinetic energy of the gas K, we have:
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thus, the product of pressure and volume per mole is proportional to the average (translational) molecular kinetic
energy. The kinetic energy of the system is N times that of a molecule, namely:
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And with Equation (26) we derive:
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The average kinetic energy of the molecules depends on the temperature:
�
�

��$����
�

6�) (30)

42



where kb is the Boltzmann constant (with  kb = 1.38 10-23 J.K-1), named after its 19th century Austrian discoverer, Ludwig
Boltzmann.  It  is  a  physical  constant  that  relates  the average relative  kinetic  energy of  particles  in  a gas with  the
temperature of the gas.  Thus the mean square velocity of molecules in the atmosphere is:
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The  calculation  of  the  adiabatic  lapse  rate  for  a  dry  atmosphere  can  be  performed by  considering  the adiabatic
expansion of a perfect gas (density ρ, molar mass M) which is governed by the law:

3�9: ) :���	 (32)
or Laplace's law (compression and adiabatic relaxation):
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See Moranne (2020):
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Thus:
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where γ denotes the adiabatic index of the gas, equal to:
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with for air :
Cp = Specific heat at constant pressure 1005 J/kg/K  for air,
Cv = Specific heat at constant volume 717 J/kg/K for air.

The ideal gas law is:
34 �") (37)

with R= Cp-Cv

thus: 3 �4 �4 �3�" �) ��� ��� $ ��) (38)

Using Equation (35) for the value of V dP (i.e. - γ P dV) and replacing above in Equation (38):
3 �4 �: 3 �4 �" �) ��� ��� $��) (39)

Thus:
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And:
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Therefore:
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In adiabatic compression, the variation of the internal energy U is equal to the work received:
�; �� $ �) ��3 �4 (43)

for a mass m of air (using a volume V):
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Using (35) again
�	������< ��: 3 �4 �� �� � �) (45)

one gets:
4 �3��� � �) (46)

And in addition, depending on the altitude : dP = - ρ g dz (Kumar, 1976 p. 54) with density ρ = m/V ; thus:
4 �3��� < �= (47)

Therefore:
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In a dry atmosphere, the temperature decreases by 9.8°C for every km of altitude.
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Thus, as the altitude increases by dz, the pressure decreases by:
�3��> < �= (49)

and the temperature by dT such that:
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By combining these two equations (49) and (50) with the equation of perfect gases:
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Where M is molar weight of the gas, one also obtains:
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In reality, due to the condensation of humid air, on the one hand, which gradually releases latent heat of condensation
at altitude, and on the other hand, to the heating of the atmosphere due to the absorption of solar radiation by the
water vapor it contains, and by the clouds, the denominator is corrected by a (negative) value C h, and the formula
becomes:
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With Ch = - 509 J/kg/K

Therefore,  it  is  not  surprising  that  the  polytropic46 relationship  T(P)/T0 =  (P/P0)R/(Cp  -  Ch) between  temperature  and
pressure given by equation (54):
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is strictly equivalent on Earth to the decrease in temperature with altitude given by Equation (53), dT/dz = -g/(Cp-Ch)
that civil aviation has standardized at - 6.5 °C/km, with g acceleration of gravity (9.8m/s²), Cp= 1005 J/kg/K (specific heat
capacity at constant pressure) and |Ch|= 509 J/kg/K as we’ve seen that it represents the heating at altitude coming from
the absorption by water vapor of part of the solar infrared and almost all of it by clouds, and from heating due to the
condensation of water vapor, each contributing about 1 K/day. R, the gas constant is equivalent to the Boltzmann
constant, but expressed in units of energy per temperature increment per mole, R = 8.31 J K -1 mol-1.

{T0, P0} represent the temperature and pressure of the layer which, at the Top Of the Air (TOA), effectively loses heat by
radiation towards the cosmos, i.e. starting at {255 K, 530 mbar} up to 300 mbar47. (T0, P0) are controlled by water vapor
and clouds. The short cycle of water vapor (11 days between evaporation and precipitation 48) means that a "radiative
imbalance"  between  the  heat  coming  from the  Sun  and  absorbed  by  the  surface,  by  humid  air  and  clouds  and
evacuated by thermal infrared radiation of the globe cannot last,  it  is  self-stabilizing.  This also matches Miskolczi's
greenhouse  theory  findings  (Miskolczi  and  Mlynczak,  2004;  Miskolczi,  2007,  2010,  2014)  based  on  his  previous
experience  in  developing  HARTCODE  (Miskolczi,  1989),  i.e.  a  line-by-line  computer  program  that  can  translate
atmospheric profiles to IR heat fluxes in W/m2, and thus that can convert p, T, rH profiles into IR spectra and vice versa,
that  computes the integrated optical  depth,  transmittance or radiance spectrum of  a layered atmosphere for any
viewing geometry with the desired resolution using the line-by-line integration method (it produces graphs such as the
simplified  one Figure  18).  From thereof,  Miskolczi  asserts  that  the  Earth  is  a  self-regulating system and that  the
atmosphere maintains a stable global average gray-body optical thickness49, where the maximum heat transfer to space

46 A polytropic equation represents a thermodynamic process  where the pressure and volume of a system are related by the
equation PVk= C.  Where P represents  the pressure,  V represents the volume, k represents  the polytropic  index, and C is a
constant. Here, the air is assimilated to a perfect gas, of molar mass M. In the atmosphere, we give ourselves a relation between
pressure p(z) and density ρ(z) of air at altitude z, called polytropic law of index k: p(z)/[ρ(z)]k = cte

47 Also take notice that the tropopause is located at about 150 millibars in the tropics and 300 mbar at high latitudes.
48 With an atmospheric stock of ≈17000 km3 and daily rainfall ≈ 1300 km3 we have a residence time of about 11 days.
49 Veyres (footnote 23) states that “Miskolczi's observations summarized by a constant ratio between SU and ST is not, contrary to

Miskolczi's presentations, a radiative phenomenon; that Miskolczi's mean ST is too strong or underestimates the clouds and that
the regulation of the OLR is not done via τA; it is simply the consequence that if it is hotter on the surface, SU increases, and as the
amount of water vapor at 9 km decreases, EU increases. On the other hand that ED / SU is more or less constant (between 103/165
and 429/521) is simply a consequence of the water vapor absorption spectrum. Stabilization comes from water vapor, not optical
thickness “stories” that mix what happens inside the window and what happens outside the window where the air is totally
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takes place, the value of which is 1.8650, see Miskolczi and Mlynczak (2004) p. 237. Among the various mechanisms
involved, some will be presented later, starting in p. 67.

The demonstration of the previous equations is given by Veyres (2020b-e), the change in Enthalpy H is : 
�, �) �A�4 �3�� � �) (55)

with S the Entropy and from
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with Q the net heat transfer and from dP = - ρ g dz (ρ = local density, g acceleration of gravity) and P = ρ R T v with Tv the
virtual temperature51 later used in Equation (58) and defined hereafter:
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with T: actual temperature; p: actual (total) pressure = pd + e; pd: partial pressure exerted by dry air; e: partial pressure
exerted by water vapor; ε = Rd/Rv = 0.622, comes:
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Thus:
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and by integration one obtains Equation (54): T(P)/T0 = (P/P0)R/(Cp - Ch) 
and the lapse rate in the troposphere is Equation (53): dT/dz = -g/(Cp-Ch).

With more water vapor in the air, |Ch| increases, the lapse rate goes from for example 6.5°C/km to 6°C/km, which
reduces the surface temperature and surface evaporation. Solar heat absorbed by the oceans and soils or vegetation is
converted to latent heat by evaporation and evapo-transpiration and to sensible heat by convection. The radiative heat
transfer from the surface to the air is almost zero, in net balance, and the radiative cooling of the surface by this
infrared radiation, which reaches the cosmos after having escaped absorption by the water vapor and the clouds, is
only 22 W/m2 (Costa and Shine, 2012), that is to say some 5% to 6% of the "average" radiation of the surface (and
mainly happens over dry deserts such as Saudi Arabia, Sahara, Atacama etc...).

Therefore, that the surface is warmer than the top of the air is essentially the effect of gravitation and the weight of the
atmosphere according to a relationship between temperature and pressure:
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where: the universal constant R = 8.314462 = J mol-1 K-1 and the specific constant for the air is given by Rs,air = 8.314/µ =
287 J kg-1 K-1 and µ= molar mass of the air (28.97 g/mol or 0,02897 kg/mol) and ~ means proportional to.

The relation (60) T(P) ~ P8,314/[µ (Cp – Ch)] fixes the temperature if one gives a couple {T, P} which is in practice that of the top
of the water vapor which radiates towards the cosmos, i.e. starting at {255 K, 530 mbar} on Earth (up to 300 mbar, i.e.
≈9 km of altitude) and on Venus {T, P} {230 K, 100 mbar} corresponds to the top of the dust layer (dust and aerosols
around 40 to 60 km have the same role as water vapor on Earth).

On Earth starting from the high troposphere {223 K, 263 mbar}:

opaque”.  Though, the end-result is to lead to the observation of a self-stabilizing Earth system.
50 this value correspond to a vertical optical thickness of about τ=1.23 and is obtained by means of computer calculations using the

Thermodynamic  Initial  Guess  Retrieval  (TIGR)  radiosonde  empirical  measurements  or  the  TOVS  Initial  Guess  Retrieval,  i.e.
(TIGR2), database which consists of 1761 weather balloon observations (Miskolczi, 2010).

51 Moist air has a lower apparent molecular weight than dry air, therefore the gas constant for 1 kg of moist air is larger than that
for 1 kg of dry air. But the exact value of the gas constant of moist air would depend on the amount of water vapor contained in
the air, thus it is more convenient to retain the gas constant of dry air and use a fictitious temperature in the ideal gas equation.
This fictitious temperature is called “virtual temperature”. This is the temperature that dry air must have in order to have the
same density as the moist air at the same pressure. Since moist air is less dense that dry air, the virtual temperature is always
greater than the actual temperature.
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Ground temperature = 288K (14.85°C) = 223K + 10 km x 6.5 K/km = 223 K (1 atm/0.26 atm) 0.19

g = 9.8 m/s², Cp=1005 J/kg/K et Ch = -509 J/kg/K.

On Venus starting from the tropopause around  0.1 atm and 230 K {230 K, 100 mbar} :
Ground temperature =735 K (461°C) = 230 K + 65 km x 7.7 K/km = 735 K = 230 K (92 atm/0.1 atm) 0.17

On Venus, the bulk of the air is carbon dioxide with a molar mass of 44 grams and g = 8.87 m/s²
Cp = 850 J/kg for CO2 (highly variable with temperature), R= 8.314/0.042 = 197
The lapse rate is then given by: 8.87/(850+309) = 0.00765 K/m and
the exponent R/(Cp - Ch) is worth 197/(850+309) = 0.17

As I  had guessed since I  was  a  youngster  and read Sneath  (1970)  it  is  well  established that  the  average  surface
temperature does not result from radiative phenomena in thermal infrared but quite essentially from atmospheric
pressure on Earth as on Venus (Sorokhtin et al., 2011).

As we have seen, on Earth the temperature at pressure P in the troposphere is: 
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Conversely, if one wishes to know what the pressure P will be at an altitude z expressed in meters, using the classical
relationship PV = nRT and ρ = m/V => P m/ρ =nRT =>  ρ = Pm / n RT = PM / RT with M = m/n the molar mass of the air
and assuming a constant temperature (sic), one gets the barometric textbook formula (Délèze, 2020; Stallinga, 2020):
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Meteorologists being mainly involved in determining the spatio-temporal changes of some local temperature fields
over short periods of time will be eager to disagree with the importance of the LRs as presented in this section. They
will point to the fact that in order to evaluate the temperature field one must consider the total energy equation. The
simplest form of this equation is discussed in the glossary of meteorology according to the work of Gill (1982), p. 76-82,
Equation  63,  and is  an expression relating all  forms of  energy obtained by combining the thermodynamic energy
equation (Iribarne and Godson, 1981) with the mechanical energy equation. When integrated over a fixed volume of
the atmosphere, this equation in its simplest form is:
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where, φ = gz is the geopotential energy, ρ is density, p is pressure, F is the vector frictional force per unit volume, and
u is the vector velocity. This equation, Gill (1982), expresses the fact that the combined internal, kinetic, and potential
energy in a given volume can vary only as a result of 1) the transport of these forms of energy across the boundaries of
the volume; 2) the work done by pressure forces on the boundary; 3) the addition or removal of heat; and 4) the
dissipational effect of friction52. One can see that further to the term related to the lapse rate φ, what controls the most
temperature changes is the advection term arising from the thermodynamic equation and the diabatic processes (i.e.
latent heat release and diabatic heating) plus a contribution from radiative forcing (such as ozone, CO 2, methane and
black carbon absorption). It entails that when cold air from the north is advected, one observes a cold front and a cold
air mass following (vice-versa from air masses from the south) and when the sun heats the surface, or latent heat is
released from changes of  phase,  diabatic  processes are  at  work.  Thus,  the determination of  the local  or  regional
distribution of changes of temperature gives little role to adiabatic processes at these spatio-temporal scale. But these
are meteorological considerations of little relevance to the discussion of what determines an average global surface
temperature, and to that avail the various LRs are key notions as reminded to us by Wilde and Mulholland (2020) who
state that “for each atmospheric cell we can compute the average surface temperature if we know the average annual
values  of  the  following  meteorological  parameters:  1.  The  average  height  of  the  tropopause.  2.  The  average
temperature of the tropopause. 3. The average environmental lapse rate of each cell. Using these three metrics we can
then calculate the average surface temperature of each atmospheric circulation cell". Thus, it is extremely important
not  to  be confused about  what  is  discussed  in  this  section.  Notions  such  as  buoyancy,  turbulence,  diffusion and
horizontal motions driven by advection, leading to frontal systems or latent heat released or absorbed, sensible heat,
all  which are sources and sinks of energy are of course very important, but do not characterize an  average global
surface temperature, which is as shown before essentially, for a given incoming irradiance level and albedo, the result

52 https://glossary.ametsoc.org/wiki/Energy_equation 
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of the thickness of the atmosphere. One could extrapolate, the thicker the warmer as on Venus, the thinner the colder
as on Mars. Let's see how this can be easily asserted. Even though it will be explained further why the usage of Stefan-
Boltzmann Law (SBL) is very dubious as planetary bodies are not “black bodies”, a simple calculation using Equation 155
p.91, will be very telling. Starting from the average distances to the Sun of Venus (108.2 106 km), the Earth (150.0 106

km), and Mars (227.9 106 km) and taking the average incoming terrestrial solar flux of 1370 W/m2 as a reference, one
can immediately derive values of 2633 W/m2 for Venus and 593 W/m2 for Mars. Using the Bond albedo values of 77%
for Venus and 25% for Mars, applying Equation 155 gives:
for Venus: (((1-0.77)*2633)/(4*5.67*10^-8))^(1/4) = 227.32°K=-46.15°C
for the Earth: (((1-0.3)*1370)/(4*5.67*10^-8))^(1/4) = 255.00°K=-18.15°C
for Mars: =(((1-0.25)*593)/(4*5.67*10^-8))^(1/4)=210.44°K = -63.15°C

Thus Venus should be 17 degrees Celsius warmer than Mars by the direct application of SBL, for two atmospheres
having comparable composition (≈96% of CO2 for  both),  using the respective incoming solar  fluxes and respective
albedo. That's not exactly what is observed, as if the temperature hardly reaches 0°C at the equator on Mars, it stands
at 462°C on Venus. Both atmospheres share the same composition with Venus made of 96.5% of CO 2 and Mars made of
96% of CO2 and but the remarkable difference is the total masses of their respective atmospheres of 4.8 10 20 kg for
Venus and only 1.5 1016 kg for Mars, leading to stark differences of pressure at the ground level of 93 bars on Venus and
just a tiny average of 6.36 mbar on Mars. This clearly shows that what explains the difference between the ground
temperature of Mars and Venus is certainly not an unproven and dubious radiative greenhouse effect, but simply a
massive difference of observed ground pressure. The conclusion is irrefutable, for a given incoming solar flux and a
given albedo, it is not the composition but the mass of the atmosphere and thus the ground pressure that determines
the average ground temperature.

As I had long wondered what would be the temperature on Earth replacing the air with 100% CO2 (without modifying
the water vapor profile), it is easy to notice that this would replace a Cp of 1005 J/kg/K by a Cp of around 850 J/kg/K, and
a lapse rate of -6.5 K/km by a lapse rate of -7.2 K/km, which would decrease the surface temperature by around 7°C!
This is also the conclusion reached by Chilingar et al. (2008a) «The writers investigated the effect of CO2 emission on the
temperature of atmosphere. Computations based on the adiabatic theory of greenhouse effect show that increasing CO 2

concentration in the atmosphere results in cooling rather than warming of the Earth’s atmosphere». In fact, they are not
alone  as  Ellsaesser  (1984)  concluded  that  “a  doubling  of  carbon  dioxide  would  have  little  or  no  effect  on  the
temperature at the surface and, if anything, might cause the surface to cool”.

Should we then be worried by 100 ppm more of CO2? Come on, it does not seem serious.

We can also easily simulate what would be the surface temperature with a higher pressure as has been the case in the
distant past on Earth, and for example assess with 2 bars 3 billions years ago with:
223 K (2 atm /0.26 atm) 0.19 = 328K = 55.44°C

This understanding is in accordance with Sorokhtin et al.  (2007a) «The denser the atmosphere (i.e.,  the higher the
atmospheric  pressure),  the warmer the climate.  Thus,  the  high surface temperature  at  the ocean level  during  the
Archean time, at a low Sun’s luminosity, may only be a result of higher atmospheric pressure. The gradual decrease in
the oceanic water temperature with a smooth increase of Sun’s luminosity may only be a result of a gradual decrease in
the atmospheric pressure. As shown later, the temperature will continue to drop in the future».

Temperature  on  the  ground  is  mainly  a  function  of  the  thickness  of  the  atmosphere  and  not  essentially  of  the
composition of the atmosphere (Jacob,  1999). Therefore one can only  be amazed by the following statements by
Hansen (2004): «This has relevance to the Earth’s climate. If we compare Venus, Earth and Mars, we find the Goldilocks
situation. One is much too hot, one is much too cold, and one is just right. The reason Mars is cold is that it has only a
thin atmosphere of CO2, which warms it by only a few degrees above the temperature that it would otherwise have 53,
given the amount of sunlight that it absorbs. Venus has a thick atmosphere that warms it by a few hundred degrees.
The Earth has enough greenhouse gases to warm it by a few tens of degrees, enough to make it a nice place to live. The
way this works is: greenhouse gases are transparent to sunlight, which passes through the atmosphere and heats the
planet’s surface, but the gases partially block heat radiation54, making it more difficult for heat to escape. Like a blanket,

53 Notice Hansen's double standard reasoning as there is 185 kg/m² of CO2 on Mars (Mars' atmosphere contains 95% by volume of
carbon dioxide) whereas just 6,3 kg/m² on Earth !

54 Radiation blockage does not prevent evaporative and convective cooling, which are the natural methods of cooling!
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they keep the surface warm». Hansen’s reasoning (2004) is completely flawed and one must find other explanations
than ignorance of physics as he clearly deliberately forgets the importance of the relationship between the pressure
and the temperature and rather focuses exclusively on radiative processes of minor importance. Perhaps as Freeman
Dyson puts it  «Hansen has turned his  science into ideology» (Dawidoff,  2009) as it  cannot be ignorance given his
credentials. The ground temperature is the result of gravitation and of the weight of the atmosphere and certainly not
just the result of radiative effects of GHGs. Strangely enough, Hansen (2004) notes that «Venus has a thick atmosphere
that warms it by a few hundred degrees» but does not wonder whether its «thickness» is not a more important factor
in determining its temperature than its «composition» and whether its composition has in fact some relevance at all to
the temperature itself. The 93 bar pressure on the ground  determines the temperature whatever the composition of
this atmosphere be!

As a summary, the ground temperature on Earth depends mainly on the atmospheric pressure, insolation (less aerosols
and  it  is  the  global  brightening  which  replaces  the  global  dimming  of  the  years  1950-1980),  air  movements
(convection / advection) and related transfers of water vapor (evaporation / condensation), ocean motion and currents,
and aerosol and nucleation processes having a direct impact on the cloud cover and albedo. The absorption of the
thermal infrared radiation by water vapor and carbon dioxide gases only represents a minor effect, and limited to the
contribution made by CO2 is just a marginal phenomenon.

Thus,  the  relation  (61)  T(P)=  Tréférence (P/Préférence)0.1905 on  Earth  and  a  similar  formula  for  Venus  giving  the  ground
temperature  as  a  function  of  the  pressure,  are  accurate  to  within  1%  and  are  deduced  from  the  elementary
thermodynamics  of  ideal  gases  in  a  gravitational  field  with  solar  heating  at  high  altitude  and  not  at  all   from a
mysterious "greenhouse effect theory".

Strangely enough, even the strongest proponents of the AGW theory accept that «Thermodynamics makes it possible
to calculate the temperature decrease with altitude, which is called the adiabatic lapse rate. To simplify, we will take
the  following  vertical  lapse  rate  of  temperature  in  the  constant  atmosphere.  The  essential  point  is  that  it  is
independent  of  radiative exchanges and independent  of  the  CO2 concentration» (Dufresne and Treiner,  2011)  in
French, p. 37. Legras, who is also a strong defender of the AGW theory states in Legras (2017) that « The temperature
profile  in  the  troposphere  is  not  determined  by  the  radiative  exchanges.  It  is  fixed  by  mixing  by  meteorological
disturbances and cloudy convection” and “The real atmosphere is not in radiative equilibrium below the tropopause.
The rising flow of energy is ensured in the lower layers by convective transport (mainly latent heat)» (Legras, 2017) in
French, p. 42. The next step for the supporters of the AGW theory will just be to accept that if thermodynamics makes it
possible to calculate the temperature decrease with altitude and if the main determining factor of the Earth's climate
and of the surface temperature is the Earth's atmosphere pressure and composition, i.e. N2/O2 (CO2 being a trace gas of
little importance, be it 0.03 or 0.04% and H2O the major GHG and heat transfer molecule),  then no other subterfuge
based on gibberish like «CO2 forcing» is needed, and  the denser the atmosphere (i.e.,  the higher the atmospheric
pressure),  the  warmer  the  climate  -  this  is  sometimes  referred  to  as  the  adiabatic  theory  of  greenhouse  effect
(Sorokhtin et al., 2011).

Finally, the Gravitational Thermal Lapse Rate determines the temperature in a differential way, and not in an absolute
manner: it does not set the temperature on the ground or at the tropopause, rather it fixes one according to the other,
without it being possible to say which comes first, it is the chicken and egg classical paradox, see also (Holmes, 2017;
Wilde and Mulholland, 2020). To give an example of this close relationship, let’s consider these two situations:

In inter-tropical areas, on average : Tropopause : -80°C at 16 km altitude => Surface T: - 80 + 6.5 x 16 = 24°C
In temperate zones, on average : Tropopause : -63°C at 12 km altitude (on average) => Surface T: - 63°C + 6.5°C/km x
12km = 15°C

As N2 represents 78.09% of the air composition and therefore contributes to the temperature far more than any other
gas and especially CO2, one may wonder where does N2 come from and why so little was found in Mars’s (2.6%) or
Venus’s (3.5%) atmospheres.  A recent study by Mikhail  and Sverjensky (2014) has finally brought some interesting
perspective on this longstanding question: «Here we present thermodynamic calculations that establish the speciation
of nitrogen in aqueous fluids under upper mantle conditions. We find that, under the relatively oxidized conditions of
Earth’s mantle wedges at convergent plate margins, nitrogen is expected to exist predominantly as N 2 in fluids and,
therefore, be degassed easily. In contrast, under more reducing conditions elsewhere in the Earth’s upper mantle and in
the mantles of Venus and Mars, nitrogen is expected predominantly in the form of ammonium (NH 4

+) in aqueous fluids.
Ammonium is moderately compatible in upper mantle minerals and unconducive to nitrogen degassing. We conclude
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that  Earth’s  oxidized  mantle  wedge  conditions—a  result  of  subduction  and  hence  plate  tectonics—favor  the
development of a nitrogen-enriched atmosphere, relative to the primordial noble gases, whereas the atmospheres of
Venus and Mars have less nitrogen because they lack plate tectonics».

Beyond contributing to the unique Earth’s atmosphere composition and N2 content, plate tectonics is also a unique
geological feature of planet Earth55, an affirmation one can make in 2020 after that most if not all significant telluric
bodies  of  the solar  system have been explored by spacecrafts  thanks to  a  unique period in  mankind history and
unprecedented accumulation of knowledge (instead of claiming that her childhood has been stolen, Greta should go to
school and later to the University and learn more about the conquest of this ultimate frontier). Thus, plate tectonics
contributes to many exceptional characteristics of the Earth, including one remarkable, i.e. the production of calc-
alcaline rocks (above subduction zones) characterized by a lighter density than basaltic ocean floor and mafic crust
leading over geological times to the creation of cratons and later emerged continents «floating» by isostasy above the
mantle and therefore making possible aerial life.

Recently, Johnson and Goldblatt (2018) have endeavored to analyze the Earth system nitrogen cycle over geologic
history, which is of the utmost importance to those wishing to develop a global understanding of what the Earth’s
climate might have been over long geological timescales,  once it  is well  understood that the pressure creates the
temperature. These authors have constructed a new nitrogen cycle model, called EarthN, and Johnson and Goldblatt
(2018) report that «This model is driven by mantle cooling, links biologic nitrogen cycling to phosphate and oxygen, and
incorporates geologic and biologic fluxes. Model output is consistent with large (2-4x) changes in atmospheric mass
over  time,  typically  indicating  atmospheric  drawdown and nitrogen  sequestration  into the  mantle  and continental
crust». What is so important here, is that it introduces the notion that the Earth’s atmosphere must have varied a lot
throughout geological times, both in composition and overall pressure, and that we cannot just analyze the geological
proxies that we are given with our current knowledge of the actual atmosphere.

This is also what  Sorokhtin et al. (2007a) explain «the partial pressure of carbon dioxide reached 3 to 4 atm in the
Archean time. During Proterozoic and Phanerozoic time, almost the entire carbon dioxide degassed from the mantle
was tied in carbonates (Ccarb) or biogenic matter (Corg). As a result of nitrogen degassing from the mantle, the partial
pressure  of  nitrogen  increased  substantially  during  the  Late  Archean  time.  The  atmospheric  pressure  (and  hence
temperature)  decline  during  the  Proterozoic  and  Phanerozoic  time could  have  occurred  only  due  to a decrease in
nitrogen partial pressure. There are few bacteria that can assimilate and bind the atmospheric nitrogen into organic
matter». To elaborate on how much N2 was removed from the Earth’s atmosphere, Sorokhtin et al. (2007a) continue
“The writers assumed an intermediate value of that ratio: Corg / Norg ~ 1 / 0.08. Ronov and Yaroshevsky (1978) stated
that presently 3.9 10� 21 g of Corg are present in the oceanic deposits of pelagic zone and shelves plus (9.02 to 8.09)  10� 21

g, in the continental deposits.  Thus, the amount of Norg in the present-day oceanic  deposits is about 3.12  10� 20 g,
whereas in the continental deposits it is about 5.0 10� 20 g” then “over the entire period of Earth’s geologic evolution (i.e.,
the recent 4 BY), 4.4 10� 21 g of nitrogen were removed from the atmosphere due to bonding of nitrogen by bacteria in
the oceanic biota. In addition, about 5.0 10� 20 g of nitrogen was preserved in continental deposits over the recent 400
MMY. Thus, approximately 4.9 10� 21 g of nitrogen was removed from the atmosphere over the entire period of Earth’s
evolution. As a result, the atmospheric pressure declined by 960 mbar (the present-day partial pressure of nitrogen is
760 mbar)… Without these bacteria, the current atmospheric pressure would be close to 2 atm and the average near-
surface temperature would be nearly 50◦C (rather than 15°C) and even over 70°C at the equator”.

One should finally note the essential characteristic of the carbon cycle: two reservoirs clearly dominate the others:
carbonate rocks (50 millions of Gt) and fossil organic matter (13 millions of Gt) for just 875 Gt-C in the atmosphere. The
latter of course include coals and oils, but also the disseminated organic matter which is contained in all sedimentary
rocks. Even if the biomass and the ocean are the reservoirs that play a big role in the short-term carbon cycle (on a

55 NASA’s Magellan orbits Venus on 10th of August 1990 and using radar maps 98% of the surface. After completing this mission it
plunges into Venus’s atmosphere in 1994. Further to that, it appears that Earth is the only telluric planet to have active plate
tectonics, probably as it requires liquid water to make subduction zones operate as we know and to produce calc-alkaline series
of rocks. The calc-alkaline magma series is one of two main subdivisions of the subalkaline magma series, the other subalkaline
magma series being the tholeiitic series. A magma series is a series of compositions that describes the evolution of a mafic
magma, which is high in magnesium and iron and produces basalt or gabbro, as it fractionally crystallizes to become a felsic
magma, which is low in magnesium and iron and produces rhyolite or granite.  Calc-alkaline rocks are rich in alkaline earths
(magnesia and calcium oxide) and alkali metals and make up a major part of the crust of the continents. The diverse rock types
in the calc-alkaline series include volcanic types such as basalt, andesite, dacite, rhyolite, and also their coarser-grained intrusive
equivalents (gabbro, diorite, granodiorite, and granite). They do not include silica-undersaturated, alkalic, or peralkaline rocks.
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human scale), on a geological scale, their mass of carbon is low. Though, the majority of carbon on Earth is not on the
surface, but in the depths. The Earth's mantle is a significant reservoir of carbon. The mantle contains more carbon than
the crust, oceans, biosphere, and atmosphere put together, thus most of Earth's C is still in the mantle. The figure is
estimated to be very roughly 1022 kg. Carbon concentration in the mantle is very variable, varying by more than a factor
of 100 between different parts.

Today, the atmosphere is made up of 80% N2 and 20% O2. These proportions are proportions by volume, but knowing
that these gases can be considered as ideal gases, they are also proportions by number of moles. As the molar mass of
oxygen  and  nitrogen  are  close  (32  and  28  respectively),  these  are  also  proportions  by  mass.  The  mass  of  the
atmosphere is one millionth of the mass of the Earth, or 5.1021g. There is therefore today 0.8 x 5.1021 g (4.1021 g) of N2

and 1021 g of oxygen O2. In mole, this corresponds to 0.14.1021 moles of N2 and 0.03.1021 moles of O2. The dissolution of
all the limestones would release 5.1021 moles of C, and therefore the proportion of CO2 in the atmosphere would be:
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therefore 97%, against 0.0370% today (Gaillardet, 2000). This calculation could also give an idea of the composition of
the atmosphere in the early days of Earth's history, when limestones did not exist. Oxygen (which did not exist either)
and carbon now stored in  fossil  organic  matter  should  be removed from the calculation.  The estimate of  97% is
therefore a minimum value for the original  terrestrial atmosphere. This 97% figure is  remarkably close to the CO 2

content of the atmosphere of Venus. The Earth has therefore put in place mechanisms for sequestering atmospheric
carbon, degassed from inside the Earth. This mechanism is undoubtedly the chemical alteration of silicates followed by
the precipitation of limestone (as long as they remain atop the carbonate compensation depth). Let’s see now how that
works in the next section.

Therefore  99.9618%  of  the  CO2 ever  present  in  the  atmosphere  has  been  removed  by  natural  processes  over
geological times and stored in one form or another, the major storage being limestones and carbonated rocks more
generally, see e.g. for a discussion of Urey's reaction (Kellogg et al., 2019). What’s remarkable is that enough CO 2 is just
left in the atmosphere so that photosynthesis would keep working (must be > 150 ppm), knowing that plants have
significantly improved since 1850 their development rate with the recent increase of 100 ppm, i.e. a mere 0.01% of the
overall  atmospheric  composition  (Zhu et  al.  2016;  Idso,  2019).  Thanks to  solar  energy and water,  the reaction of
photosynthesis in its simplest form is:

��'��� , �'�G �� , ��'���'� (65)

and produces glucose, a sugar that is both an energy carrier and a source of carbon for plant growth and the economic
benefits  for  mankind are  estimated to  more than three thousands billions  Euros since 1961 (Idso,  2013;  Gervais,
2016b). We should rejoice ourselves everyday that temperature have naturally gone up since the end of LIA and that
food security of mankind has thereof been improved!

The subject of paleo-barometry is highly speculative, unfortunately, and very few authors have ventured into this area
and must be commended for at least trying and showing how little is known so far, especially as we venture far into a
distant past. In fact, limited progress has been made since the early work of Sagan and Mullen (1972). It is generally
accepted that the Earth received less energy from the Sun in the Archean and Proterozoic eras (solar evolution models
predict an effective temperature of 5,714 K at 2.5 Gyr ago), thus the energy received then represented (5714/5800)^4 =
94.1% of the present value 2.5 billion years (Gyr) ago, but the solar luminosity LꙨ 2.5 Gyr ago is evaluated for the
standard solar model given by Bahcall  et al. (2001) at at 0.85 LꙨ.  Despite this lower insolation, our planet was not
subject  to  the  permanent  extreme  glaciation  that  would  have  probably  occurred  if  early  Earth  had  its  current
atmosphere (Sagan and Mullen,  1972).  This  contradiction  is  referred  to  in  the  literature  as  “the  faint  young Sun
paradox”.  Proponents of the AGW theory tend to over-emphasize this  phenomenon by exaggerating the deficit  of
insolation, pretending that at 2.5 Ga we would have had just 80% or less of the current radiation and an effective
temperature  of  just  5,274  K,  that  would  thus  justify  the  alleged  role  of  GHGs  and  of  CO2 in  particular,  which  is
purportedly presented as decisive. This is of course a deception.

Goldblatt et al. (2009) use a radiative–convective climate model “to show that more N2 in the atmosphere would have
increased the  warming  effect  of  existing greenhouse  gases  by  broadening their  absorption  lines” .  Here  again,  the
authors seem to overly focus on the IR absorption properties of GHGs and not enough on the gravitational lapse rate
outcome induced by a doubling of the Present Atmospheric Nitrogen (PAN) level which they model. The impact of the
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«lapse  rate  feedbacks»  as  they  refer  to  it  is  somehow considered,  as  equations  of  the  pseudo-adiabatic  (moist
adiabatic) lapse rate are given in the annex of the paper, but its effect is not separately explained nor quantified. The
Radiative  Convective  Model  (RCM)  that  Goldblatt  et  al.  (2009)  use  provides  for  the  global  annual  mean  vertical
structure of the atmosphere, and «convective adjustment in the model is to the pseudo-adiabatic (moist) lapse rate»,
but how is not reported and the RCM unfortunately does not account for such an important climate component as
the clouds,  the justification being «following the convention in  RCMs used for palaeoclimate,  we do not  explicitly
include clouds but use a high surface albedo to represent the net effect of clouds on the surface energy budget. This
simplifies the consideration of cloud feedbacks, which are highly uncertain, and facilitates direct comparison with other
recent models». In the end, the paper is not conclusive but opens the reasoning as to what might have caused a warmer
Earth than otherwise expected given the energy received from the Sun 2.5 Gyr ago, a thicker atmosphere than today as
envisaged by Sorokhtin et al. (2007a) and not the result of a more important greenhouse effect.

Unfortunately, Archaean air pressure seems now constrained by independent methods to ≤ 2 bar (Som et al., 2012) by
using raindrop imprints in  tuffs of the Ventersdorp Supergroup (South Africa);  the assumption is  that  « if  Archean
raindrops reached the modern maximum measured size, air density must have been less than 2.3 kg m -3, compared to
today’s 1.2 kg m-3». More recently, by applying a new proxy to the Archean eon, i.e. the size distribution of gas bubbles
(vesicles) in basaltic lava flows erupted at sea level,  Som et al. (2016) concluded that «our data indicate a surprisingly
low surface atmospheric pressure of Patm =0.23±0.23 (2σ) bar, and combined with previous studies suggest 0.5 bar as�
an upper limit to late Archean Patm». These results are in strong disagreement with all  models of the early Earth
atmosphere, which often propose PatmCO2 of 10 bars or more, and seem logical. What is interesting in this discussion is
to  acknowledge  how little  we  know of  the distant  Earth’s  atmosphere  and  paleo-bathymetry  and  that  it  is  very
unfortunate as one must recognize the major impact Patm has on the surface temperature, thanks to the gravitational
lapse rate as here explained.
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The most interesting part of Arrhenius (1896) p. 271, is when Arrhenius quotes Högbom (1894) «... as it proves that the
most important of all the processes by means of which carbonic acid has been removed from the atmosphere in all
times, namely the chemical weathering of siliceous minerals, is of the same order of magnitude as a process of contrary
effect,  which  is  caused by  the industrial  development  of  our  time, and which must  be  conceived of  as  being of  a
temporary nature.» who develops his views in «Högbom’s klassiska arbete om kolsyrans kretslopp i naturen (1894)»,
i.e. The classic works of A. G. Högbom on carbon cycles in nature (1894).

Högbom further  states  «In  comparison  with  the  quantity  of  carbonic  acid  which  is  fixed  in  limestone  (and  other
carbonates), the carbonic acid of the air vanishes. With regard to the thickness of sedimentary formations and the great
part of them that is formed by limestone and other carbonates, it seems not improbable that the total quantity of
carbonates would cover the whole  earth's  surface to a height  of  hundreds  of  meters.  If  we assume 100 meters,-a
number that may be inexact in a high degree, but probably is underestimated,- we find that about 25,000 times as
much carbonic acid is fixed to lime in the sedimentary formations as exists free in the air. Every molecule of carbonic
acid in this mass of limestone has, however, existed in and passed through the atmosphere in the course of time .» again
quote by Arrhenius (1896).

Högbom (1894) concludes that because the weathering processes might have had very different intensities at different
geological times and because it has consumed quantities of CO2 many thousand times greater than the amount now
disposable in the air, the probability of important variations of CO2 seems large, especially as the supply is related to
volcanic exhalations and other intermittent phenomenons that do not necessarily remain balanced over geological
times with other mechanisms withdrawing CO2 from the air. This is summarized by «If we pass the above-mentioned
processes for consuming and producing carbonic acid under review, we find that they evidently do not stand in such a
relation to or dependence on one another that any probability  exists  for the permanence of an equilibrium of  the
carbonic acid in the atmosphere».  Furthermore Högbom (1894) does not underestimate "the consumption of carbonic
acid by vegetative processes. The ocean, too, plays an important rôle as a regulator of the quantity of carbonic acid in
the air by means of the absorptive power of its water, which gives off carbonic acid as its temperature rises and absorbs
it a it cools"

In the end, the most interesting part of Arrhenius’ paper (1896) are the quotes from Högbom (1894) who clearly shows
a deep understanding of the carbon cycle and of the relative importance of the several processes involved and who
acknowledges that the atmospheric content of CO2 might have changed significantly,  but who as a good geologist
refrains himself from establishing any causal relationship with the temperature that may have been observed at the
corresponding geological times.

As Galvez and Gaillardet (2012) reminds us, by 1845 Jacques-Joseph Ébelmen (1845; 1847) had brilliantly contributed to
the emerging question of atmospheric composition by proposing that the alteration of silicates on continents and the
precipitation of carbonates in the ocean should be considered as a sink of atmospheric  CO2. As reminded by Berner
(2012) «The fundamental principles of the factors affecting the global carbon cycle, the global sulfur cycle and the levels
of  atmospheric  CO2 and O2 over  long-term (multi-million year)  time scales were first  elucidated by Jacques-Joseph
Ébelmen in 1845. He covered all major processes in such a correct manner that no appreciable changes in them have
been elucidated since then. Unfortunately, his ideas were forgotten and were independently deduced by others only 100
to 150 years later». From what we have seen above, and the quotes of  Högbom (1894) in Arrhenius’ paper (1896) it
could be that Ébelmen had left a legacy at least in Högbom’s thinking.

From thereof,  one should note that  the weathering of carbonates has surprisingly attracted little  attention in the
geochemical community both in terms of its mechanisms and global budget, to the notable exception of Walker et al.
(1981). This lack of interest most likely relates to the widely accepted idea that, over long periods of time (0.5 to 1 Myr
timescale), carbonate weathering is not a significant contributor to changes in the amount of atmospheric CO2 (Berner
and Berner, 2012). This understanding  is based on the following reaction showing that the weathering of carbonate on
land is exactly compensated by the opposite precipitation reaction in the ocean56:

56 The origin of the protons can be traced back to the following reactions CO2 + H2O � H2CO3 and  H2CO3 � H+ + HCO3
-
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(Calcite) ���'��, � '��' �H�G�� (&�� ,�'�
I (66)

and

(Forstérite) ?< � A�'	�	 , �'�	�' �H�G �?< (&�, 	 A�'	�	 ,�'�
I (67)

On the left side of the equation the carbonate rock is weathered and once ions reach the oceans they precipitate
mainly thanks to the biota, i.e. corals, shell animals and in the pelagic environment thanks to plankton species.
More generally, the reversible equation can be written as:

�� � . ?<�9��' ���'��, �' H�G � �� (&������?<(&�� ,�'�
I (68)

But, as suggested by Gaillardet et al. (2018) there could be some reasons why carbonate weathering may be important
for the Earth's surface regulation as the fast kinetics of carbonate weathering allows it to respond to changes at human
timescales making it consequently one of the components of climate equilibrium. Nevertheless, the focus will be given
here on the weathering of silicates (e.g.Anorthite, Albite)57:

(Anorthite) ����� A� �'����'��� , � '��� (&�� ,�'�
I��� � A�� '��', �	 (Kaolinite) (69)

In this mono-directional reaction we use 2 moles of CO2 whereas the precipitation of calcite (using Ca2+ + 2 HCO3
- ) will

just liberate one (therefore the ocean operate as a CO2 sink);

and:

(Albite) � 5���A��'�����' ��� , �' �� 5� (&�� ,�'�
I�	 , 	 A�'	���� A�� '��', �	 (Kaolinite) (70)

So, we’re going to try to put figures on the processes aforementioned and to give an indication to the reader of how
much CO2 can be trapped in calcareous rocks and limestones by the weathering of silicates. The weathering of silicate
minerals makes a big difference to atmospheric CO2, by-products of hydrolysis reactions affecting silicate minerals are
bicarbonates  (i.e.  HCO3

-)  anions  and  calcium cations,  further  metabolized  by  marine  plankton  in  the  oceans  and
converted  to  calcium carbonate.  The calcite  skeletal  remains  of  the marine organisms  are  deposited  as  deep-sea
sediments (as long as they do not deposit below the carbonate compensation depth) and are subtracted definitely from
the biogeochemical cycle until they are recycled into subduction zones and produce calc-alcaline series and associated
volcanism.

We forget temporary reversible reactions and just focus on one, irreversible, the alteration of rocks containing calcium
silicates (e.g. basalts, andesites, granites, etc.):

Calcium_silicates + CO2 + H2O -> Clays + Limestones

Calcium silicates (e.g. plagioclases, pyroxenes, amphiboles) are a good source from which to originate the weathering,
and if we take a calcium plagioclase we get:

����� � A��' ����' ��	 , � '�� ���'��A�	 '�
 ��	�', �� i.e. Kaolinite (71)

Simplified we retain:
�'����A�' ��A�'�����'� (Urey, 1952 p. 35458, 1956) (72)

So now, let's make some simple calculation, since the 20 Myr that Himalaya has surged, it has been eroded and the
sediments (e.g. clays, sandstones, etc.) have deposited in the Gange and Indus deltas. As a first conservative estimate,
2.106 km3 of rocks have been eroded, with an average density of 2.7 g/cm3, one gets an estimate of 5.4.1018 Kg of rocks

57 Most of the common minerals found in igneous rocks are solid-solution phases. These include olivine, pyroxene, amphibole,
biotite, and plagioclase feldspars.  Such a crystallization behavior is  often  illustrated by using the  NaAlSi3O8 (albite or Ab) -
CaAl2Si2O8 (anorthite or An) plagioclase system.

58 Urey (1952) states “Of course the silicates may have been a variety of minerals but the pressure of CO 2 was always kept at a low
level by this reaction or similar reactions just as it is now. Plutonic activities reverse the reaction from time to time, but on the
average the reaction probably proceeds to the right as carbon compounds come from the earth's interior, and in fact no evidence
for the deposition of calcium silicate in sediments seems to exist”, therefore unless metamorphism occurs, the reaction is mainly
to the right, see also (Duff and Morel, 1980).
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which have produced 1.62.1017 kg of altered calcium silicates. Knowing that N CaSiO3 have a mass of 116g and N CO2 a
mass of 44g (N Avogadro), 1kg of altered calcium silicate rocks absorbs (definitely) 0.38Kg of CO2.

So far, we can easily compute that the erosion of Himalaya removed over 20 Myr 6.2.10 16 Kg of CO2, i.e. 6.2.1013 tonnes
of CO2  or 6.2.104 GT of CO2 (Giga Tons).  If we consider that we have 407.4 ppm of [CO2] by volume in 2018, then the
concentration by weight is: 0.04074*(44.0095/28.97)=0.06189% of weight with  CO2 molar mass=44.0095 g/mole and
molar mass of air=28.97 g/mole, knowing that the total mean mass of the atmosphere is 5.148 1015 tonnes we get the
total weight of CO2 = 0.06189 % x 5.1480 x 1015 tonnes=3.186 1012 tonnes or 3.186.103 GT of CO2 (1 GT=109 tonnes). As
one knows that the entire atmosphere has 3.186.103 GT of CO2, one can conclude that the erosion of Himalaya has
removed from the atmosphere (62/3.186)=19.46, i.e. nearly 20 times the total actual atmospheric CO2. One can easily
understand that if [CO2] atmospheric concentrations react fast to changes of temperature adjusting to the solubility
changes as per Henry's law (see p.32), a longer term steady state between all carbonate reservoirs depends on many
more parameters, the weathering rate being just one of them, which itself depends on extremely intricate factors such
as the distribution of mountain belts, of plates, of the atmospheric circulation, etc.

As  a side note,  whatever  the cause of  their  formation,  the reliefs  immediately formed are prey to erosion which
destroys them at the rate of a few millimeters or even centimeters per century. The crust thus thins by superficial
ablation. But the erosion of a 1km thick of mountain does not lower the relief as much. According to the principle of
isostasis this slice of density 2.8 is necessarily replaced in depth by a slice of mantle terrain (d=3.3) of equivalent mass,
ie of thickness 2.8 / 3.3 * 1 = 0.85km. A large part of the destroyed relief is therefore reconstituted by a regional
uprising (the altitude has only dropped by 150m in the previous example) and by the migration of the Moho (i.e.
Mohorovičić discontinuity) upwards. In fact, zero altitude is only reached when the continental crust has regained its
thickness of 30km59. Thus, the complete erosion of a mountain range lead to far more CO2, removed than what could be
evaluated from the simple height of the chain.

In summary, the alteration of a calcium silicate (e.g. the alteration reaction of Kaolinite or Anorthite) consumes 2 moles
of  CO2 on the continent, but only one is released by the precipitation of calcite in the ocean (notice that this  CO2 is
immediately converted back into carbonate and bicarbonate ions and does not remain as  CO2). The alteration of Ca
silicates (and also of Mg, because magnesium limestones are precipitated) is therefore a mechanism capable in the long
term of efficiently pumping atmospheric CO2.

Let’s remember that the CO2 cycle is fueled by carbon dioxide of mantle origin which leaves at the level of volcanoes.
The surface C reservoir seems to keep a constant mass because what happens in the system through volcanism is equal
to what plunges back into the mantle in subduction. The fluxes involved in the geological carbon cycle are very low
compared  to  the  carbon  exchange  fluxes  between  the  atmosphere  and  the  biomass  on  the  one  hand  and  the
atmosphere and the ocean on the other hand (1000 times larger). However, even if these enormous fluxes play a large
role on a small time scale on the regulation of atmospheric CO2, they cannot play an influence on the geological scale.
Indeed,  the  flux  of  photosynthesis  is  almost  instantaneously  compensated  by  the  flow  of  respiration60 and  the
atmosphere and the ocean are in dynamic equilibrium on a geological scale.

The carbonate reservoir (limestones and sediments) is the largest carbon reservoir at the surface of the Earth along
with  the fossil  organic  carbon reservoir.  Accumulating during the Earth's  geological  history (essentially  during the
Proterozoic era), its size is estimated as > 50,000 000 Gt-C (carbonate), in the range [66,000,000 Gt-C – 100,000,000 Gt-
C]   and the fossil organic is > 13,000,000 Gt-C61 (kerogen) (Berner and Berner, 2012). The amounts of C stored in the
atmosphere and in the ocean are dwarfed in comparison at respectively 875 Gt-C (2019) and [36,000-38,000] Gt-C. As a
consequence,  any  imbalance,  even  small,  in  the  carbonate  reservoir  between  the  two  processes,  carbonate
precipitation by oceanic organisms on the one hand and chemical weathering and metamorphism on the other hand
could have important transient consequences on the atmospheric CO2 level.

In response to global change, carbonate weathering is an interesting atmospheric CO2 sink and a source of alkalinity to
the ocean that is able to play a key role at the 100 years to 10,000 years timescales (Beaulieu et al., 2012). Chemical

59 This leads to the denudation of very deep areas at the base of mountain ranges and gives geologists access to petrological facies
of very high pressures / temperatures.

60 Cellular respiration is the biochemical process in which the cells of an organism (e.g. bacteria) obtain energy, i.e.  Adenosine 5'-
triphosphate or ATP by breaking down Glucose into carbon dioxide and water using using oxygen in aerobic cellular respiration,
and other molecules such as nitrate (NO3) in anaerobic cellular respiration.

61 Note that 1 petagrams of carbon equals 1 Giga tonnes (1 PgC = 1 Gt-C).
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weathering of continental surfaces consumes 0.3 Gt yr-1 of atmospheric carbon. This flux is of the same importance as
the net uptake of CO2 by the terrestrial biosphere in LIA-type conditions (0.4 Gt C yr-1). The 0.3 Gt C yr-1 weathering flux
encompasses the dissolution of the outcropping silicate and carbonate minerals under the corrosive action of dissolved
atmospheric or biologically respired  CO2 in continental waters.  Both processes can be summarized by two generic
equations :

CaSiO3 (silicate mineral) + 2 CO2 (atmosphere) + H2O → Ca2+ (river) + 2HCO3
- (river) + SiO2

CaCO3 (carbonate mineral) + CO2 (atmosphere) + H2O → Ca2+ (river) + 2HCO3
-  (river)

In  both  cases,  atmospheric  carbon  is  captured  in  rivers  and  transferred  to  the  ocean.  This  atmospheric  CO2

consumption is balanced at the million-year timescale by the supply of volcanic CO2 and at the millennial (or much less)
timescale  (ocean mixing time)  by the release of  one mole  of  CO2 to the atmosphere for each mole of  carbonate
deposited on the sea floor (the reverse of the second reaction) as reminded by Beaulieu et al. (2012).
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Climate  sensitivity  refers  to  the  amount  of  global  surface  warming  that  will  occur  in  response  to  a  doubling  of
atmospheric CO2 concentrations. There are three main measures of climate sensitivity. The first is Equilibrium Climate
Sensitivity (ECS) which makes the assumption that Earth’s climate takes time to adjust to changes in CO2 concentration
and estimates the amount of  warming that  will  occur once all  processes have reached equilibrium. The second is
Transient Climate Response (TCR).  This is the amount of warming that might occur at the time when  CO2 doubles,
having increased gradually by 1% each year. TCR more closely matches the way the CO2 concentration has changed in
the past and does not necessarily consider that the distribution of heat between the atmosphere and oceans have
reached equilibrium. A third way of looking at climate sensitivity, Earth System Sensitivity (ESS), includes very long-term
Earth system «feedbacks», such as changes in ice sheets or changes in the distribution of vegetative cover (note that
such a forecast is totally out of reach, and will probably remain so). TCR tends to be notably lower than ECS. The
Intergovernmental Panel on Climate Change (IPCC) fifth assessment report, completed in 2014, gave a likely ECS range
of 1.5°C to 4.5°C of warming for a doubling of atmospheric CO2 concentrations, but a likely TCR of only 1°C to 2.5°C.
Therefore  ECS  represents  the  equilibrium  change  in  surface  temperature  to  a  doubling  of  atmospheric  CO2

concentration and TCR a shorter-term measure over 70 years, represents warming at the time CO2 concentration has
doubled when it  is  increased by 1% yr-1.  For  many years,  IPCC estimates  have put climate sensitivity  somewhere
between 1.5°C and 4.5°C of warming for a doubling of pre-industrial  CO2 levels. This range has remained stubbornly
wide, despite many individual studies claiming to narrow it and in that respect we would put confidence in recent
estimates by Lewis and Curry (2018) whereby based on (IPCC,2013) AR5 “forcings” medians are derived: “ for ECS of
1.50 K (5%–95% range: 1.05–2.45 K) and for TCR of 1.20 K (5%–95% range: 0.9–1.7 K)”.

The wide range of estimates of climate sensitivity reflects the high level of uncertainties in current «climate science»,
including how water vapor, clouds, surface reflectivity and many other factors may change as the Earth warms (as
nobody disagrees with the fact, that so far, it has warmed since the end of the Little Ice Age but we strongly disagree
with the fact that CO2 has played a major role in this warming or even any role at all). Climate programmes may amplify
(«positive  feedbacks»)  or diminish  («negative  feedbacks»)  through parametrization (i.e.  hundreds of  «tuning scroll
wheels») the very small effect of warming from increased  CO2 concentrations depending on the way they «model»
nature response to this doubling. It is generally agreed that the doubling of CO2 concentrations will have a very small
effect due to a logarithmic response to the increase, but that «feedbacks», i.e. induced effects, will lead for example to
an increase in water vapor – itself a more powerful greenhouse gas than CO2 – which will in turn warm the atmosphere
and create a vicious circle (this positive feedback is a hypothesis retained by the IPCC but never demonstrated).

We’re going to approach this topic following two slightly different perspectives, first it will be assessed what a doubling
of the [CO2] and its outcome on the climate system could be according to Sorokhtin et al. (2007b) and the use of the
polytropic set of equations described by Veyres (2020); this will demonstrate that replacing O2 with a doubling of CO2

will  not even lead to an increase in temperature at all,  then we will  briefly address the issue of the «feedbacks».
Second, we will follow Moranne (2020) and will see that by evaluating each of the contributions of the gas involved and
of the parts of the atmosphere concerned, a maximum of 0.5°C will be deemed reasonable. The temperature at the
altitude where the Thin Layer (TL) at the high Troposphere up To the Tropopause (TTT), say between 300-100 mbar
emits towards the cosmos, referred to as TTL_TTT, is following Veyres (2020c), given by the parameters of the relation
TTL_TTT (psurface /pTL_TTT)8,314/ (Cp - Ch)/µ and varies only slightly for a doubling of the content of trace gases (with µ= molar mass
of the air (28.97 g/mol), Cp is the specific heat at constant pressure 1005 J/kg/K of the air). For an increase of 400ppm to
800 ppm of carbon dioxide with a corresponding withdrawal an equal quantity of oxygen62, we have:
dµ = 4 10-4 (44-32)= 4.8 10-3; dCp= 4 10-4 (850 - 919) = -0.0276; dR/ R= - dµ/µ = -166 10-6

dCp / (Cp-Ch) = -0.0276 / 1509 = - 18.3 10-6 ;

TTL_TTT is determined by the albedo and astronomical parameters and is given by:
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The relationship expressing dTsurface / Tsurface is  given by equation (74):

62 admitting the very false IPCC assertion that all growth in air content comes from the combustion of coal, oil and gas
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Therefore:
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Which gives (76):
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Thus:
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Changing the surface temperature by one degree using Equation (77) supposes a dpTL_TOA =  1000 Pa or 10 hPa or
10mbar,  which  is  improbable63 because  the temperature  at  the  TL_TTT is  essentially  fixed by  water  vapor  which
represents 87% of the Outgoing Longwave Radiation of the globe (OLR) and that the essential of the rest is the radiation
of stratospheric CO2 and ozone. Increasing the albedo by 0.01 (for example from 0.3 to 0.31) decreases the surface
temperature by 1°C64 (Farmer and Cook, 2013). At constant albedo and constant TL_TTT pressure a  doubling of  CO2

would lead to a decrease of the surface temperature by 2 thousandths of a degree (Veyres, 2020c).

Let’s remember that the increase in CO2, for example since the end of the Little Ice Age, comes from the increase in
temperature  as  we  have  demonstrated  before,  not  the  other  way  round.  It  is  obviously  the  increase  in  natural
degassing, which for oceanic degassing is controlled by the temperature of seawater where the partial pressure of CO2

varies in T12.5, (T absolute temperature = 273.15 + temperature in °C) which explains the growth of ppm:
� that the cumulative emissions is unrelated to the "anthropogenic" ppm in the air which are roughly five times

the annual emissions averaged over the last few years ;
� that the CO2 content of the air is essentially (95%) a consequence of the temperatures which control the inter-

tropical natural degassing ;
� that the surface temperature depends on the gravitational lapse rate, the insolation of the surface (clouds play

a major role by adjusting the albedo) the convection and the advection of latent and sensible heat;
� that the stories of “radiative forcing by greenhouse gases” are nonsense and that it is the water vapor content

of the upper troposphere and not a warming of this upper troposphere that determines and regulates the
thermal infrared flux emitted by the globe to the cosmos (i.e. the Outgoing Long-wave Radiation, OLR). Let us
remember once again that it is the quantity of water vapor around 9 km which ensures in a few hours and a
few days the regulation of the radiation from the globe to the cosmos (where water vapor radiates 200 W/m²
towards the cosmos), and that it is absurd and contrary to observations to posit a priori that it is increasing.

Let’s follow now Moranne (2020) to assess the atmospheric sensitivity to CO2. One must first evaluate the restitution of
the radiative energy received by the Earth. To balance its energy (without which it would warm up indefinitely), the
Earth must return the energy it has received, namely : 156 W/m 2 at ground level, to prevent the ground from warming
indefinitely, and 240 W/m2 at the Top Of the Atmosphere (TOA),  that is the solar flux absorbed by the Earth (say
340W/m² * (1-albedo)), to prevent the atmosphere from warming indefinitely, which would have the indirect effect of
warming the ground (via the Lapse Rate starting from a warmer tropopause). The Earth's surface, which is on average
at 15°C (288K), therefore radiates (on average) at this temperature, according to the red curve 288K on the next Figure
12 and the Sun radiates at 5777K65 while the visible set of wavelenghts are displayed by the rainbow colors. As most
authors do, whenever "terrestrial" thermal infra-red is concerned (i.e. temperatures below 288K), we will reason in
frequencies (or wave-numbers), and no longer in wavelengths. Thus, a wavenumber of 1000 cm -1 (or frequency vs=30
THz)  corresponds  to  a  wavelength  of  10  μm.  Remember  that  vs =  c  /  λ with  λ=wavelength  (usually  in  10-9 m),
c=2.99792458 1010cm s-1 (speed of light) and vs frequency in Hz where frequency is a measurement of the number of
wave cycles per second (i.e. s-1). Wavenumber ũ = 1 / λ = vs / c is the reciprocal of the wavelength and ũ is defined as the
number of wavelengths per unit distance, typically centimeters (wavenumber is measured in cm1).

63 Unlikely for the "global average" value of the temperature of TL_TOA, but observed daily with the passage of anticyclones (first
drier kilometers, colder surface in winter) and depressions (first kilometers wetter and warmer surface)

64 A small change in albedo, say from 30 to 31% due to a marginal cloud cover increase, has a radiative effect of 3.4 W/m 2 (thus
reduces the energy received by 3.4 W/m2).

65 Only 5767 K if we want to reach 1360 W/m² with 5.68 x 57.67^4 (.696 / 149.5979)^2 =1360.
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As an example, The wavelength λ of the red line in the Hydrogen spectrum is approximately 656.5 nm. This corresponds
to 656.5 x 10-9 m or 656.5 x 10-7cm or ũ=1.523x104 cm-1. We can convert this to Hz by multiplying by the speed of light
which is 2.99792458 x 1010 cm s-1 resulting in 4.566 x 1014 Hz.

Figure 12. Planck radiation spectra for different temperatures in K (equal to T  in °C +273 (thus, 288K=15°C; 0K= -273°C), in log-log
representation.  Abscissa= Wavelength in µm (left scale= Spectral Specific Radiation right scale=Spectral Radiation).

The surface of the Earth, which is on average at 15°C (288K), therefore radiates (on average) at this temperature,
according to the red curve 288K (i.e. 300K) above. Figure 13 shows the opacity of water vapor, of optical thickness or
depth66 greater than a few units over almost the entire spectrum of thermal infrared, from radio frequencies, to a few
cm-1, up to at the optical frequency of 2220 cm -1, except over the wide interval of 350 cm -1 called "water vapor window"
from 770 cm-1 to 1180 cm-1. The CO2 is only significantly active and opaque from 600 cm -1 to 750 cm-1, i.e. a band of 150
cm-1 (17-24THz Figure 13), against 1870 cm-1 for water vapor. The 4.3 µm CO2 strip (≈2300 cm-1/73THz) absorbs a few
W/m² of solar radiation but is negligible at air temperatures.

Figure 13. Optical thickness  τ at infrared frequencies of water vapor (in blue),  and CO2 in black (and methane in green) for an
average value of 30 kg/m² of water vapor and 6 kg/m² of carbon dioxide and after doubling of ppm (in red), thermal
infrared frequencies in THz. The orange and black curves are the radiation of a black body surface ( π times the Planck
function) as a function of the frequency, spectral density given in W/m²/THz (SI units), after Moranne (2020).

66 The optical thickness or depth τ, is the natural logarithm of the ratio of incident to transmitted radiant power through a material,
here the air, is also given by τ = - ln T where T is the transmittance of the material. For diffuse radiation, the transmission is a
function of the optical thickness τ, and is given by 2 E3(τ) where E3(τ) is a special function, i.e. an exponential integral of degree 3
https://en.wikipedia.org/wiki/Exponential_integral ;  2  E3(τ)  can  be  approximated  by  exp  (-τ)  /  (1  +  0.676  τ0.886)  -  this
approximation is within 2 thousandths in relative on 0<τ<4 - and is worth 20% for τ = 1.07, 5% for τ = 2.15 and 1% for τ = 3.5, and
just 0.0016% for τ=4.3, and for τ=10 transmission is negligible, i.e. 7.10 -6. The optical thickness τ of the gas varies according to the
optical frequency as the lines of absorption of vibrations-rotations and rotations of the molecules which modulate the electric
dipole of the molecule which interacts with infrared radiation.
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As visible on the previous Figure 13, there exist a transparency band (between 23 THz and 36 THz or between 750 and
1,170 cm-1 or between 8.5µm and 13.3µm) which is called the "atmospheric window" or "water vapor window" of an
optical thickness of approximately 0.5 (that optical thickness absorbs 44% of the impinging radiation); that window is
nevertheless “closed” by clouds more than half of the time as a few microns or few tens of microns of liquid water
absorbs all  of  the thermal infrared: it  is  the only frequency band in which the Earth's surface can radiate directly
towards the cosmos;  elsewhere,  the atmosphere,  totally opaque,  blocks  and absorbs all  direct  radiation from the
ground to the cosmos. Thus, CO2 molecules at high altitudes do not receive the IR radiation emitted by the Earth.
Everything has been absorbed in a layer of air at a lower altitude that is opaque to radiation at the vibration frequencies
of the CO2 molecule. Moreover, the relaxation time required for the absorbed energy to be radiated is too long in view
of the probability of collisions (Witteman, 2020a-b). In 10 -10 seconds, the molecule does not have the time to radiate
that the heat has already been transmitted to its neighbors during mutual shocks (kinetic theory of gases). Aware of this
problem, and of the IR opacity of the two absorption bands at the lowest altitudes, Manabe in a series of papers
(Manabe  and  Möller,  1961;  Manabe  and  Wetherald,  1967;  Manabe  and  Strickler,  1964)  proposed  that  the  heat
absorbed and then dissipated by collisions to neighboring molecules be transported by convection to the TOA. Thus, as
collisions become rarer with altitude, all the emissions participating in the radiative balance take part at the TOA level.
Furthermore, for over almost the entire CO2 spectrum, water vapor acts first and superimposes its effect on CO 2, this up
to 750 cm-1 or 22.5 THz.

Water vapor, the content of which decreases very quickly with temperature, is concentrated in the lower layers (80%
below 700 mbar around 3 km) while the CO2 is rather uniformly distributed over the entire height of the air. This is why
CO2 contributes only for a few percent to the absorption of radiation from the surface by the air while water vapor
provides 98% of this absorption: the bulk of CO2, at altitude, sees only the little amount that has escaped absorption by
the water vapor of the lower layers and by the low clouds. A layer of τ = 1.07 absorbs 80% of the incident photons and,
in an environment where the temperatures do not vary too quickly, is the source of 80% of the photons coming out
from above the upper layer and 80% of the photons coming out through below the lower layer (at the contact with the
ground). The radiation of the air, below towards the surface or above towards the cosmos, therefore essentially comes
from a layer of optical thickness τ = 1. The lower slice of air is just tens or hundreds of meters thick (depending on the
frequency).

Let’s evaluate the thickness of this layer of atmosphere that will stop (close to the surface) or produce (TOA) 80% of the
radiative emission (optical thickness τ of 1.07). It will represent a small slice of the atmosphere above the ground and a
small slice at the TOA. For 30 kg/m² of water vapor at frequencies where the optical thickness τ is 1.07, this will be a
layer of roughly 300 grams67 of water vapor which, at the top or at the bottom of the troposphere, produces the bulk
(80%) of radiation towards the cosmos or towards the surface. Moving upwards from the surface (the ground), as the
amount of water vapor varies considerably depending on the latitude, an assessment will be made for both the tropical
and the temperate areas (in winter).

On the surface, one tonne of air occupies approximately 100 mbar since there are 10.3 tonnes of air for an average
atmospheric pressure of 1013 millibar, thus, 300 grams fit in:
(0.3 kg / 16 kg / ton of air) x 100 mbar / ton = 1.9 mbar in tropical
(0.3 kg / 1 kg / ton of air) x 100 mbar / ton = 30 mbar in winter at high latitudes.

Let’s now convert these in altitude atop the ground to calculate how much air thickness it takes to absorb 80% of the IR
radiation; one needs a polytropic equation that will give a dz in altitude z given a dp in pressure p, here of 1.9 mbar and
30 mbar, knowing p0=1013 mbar at z0=0:
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67 For an optical thickness τ = 100, and 30 kg/m² of water vapor  over the entire air column, the air-to-surface or air-to-cosmos
thermal radiation comes mainly, i.e. at 80% from a “skin” of (1.07/100) * 30 kg/m² = 321 grams of water vapor per m².
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using the following polytropic relation (80) z(P) = T0 /γ (1-(P/P0) 0,19 ) with γ=0.0065 one gets:
Temperature T0 /γ P/P0 (P/P0)0.19 1-(P/P0)0.19 Altitude (meters)

300 46154 =(1013-1.9)/1013 =0.999643 =0.000357 =16.46

270 41538 =(1013-30)/1013 =0.994304 =0.005696 =236.58
Therefore:
300 K / 6.5 10-3 K/m (1- ((1013 10-3 - 1.9 10-3) / 1013 10-3) 0.19 ) = 17 meters in tropical for 1.9 mbar,
270 K / 6.5 10-3 K/m (1- ((1013 10-3 - 30 10-3) / 1013 10-3) 0.19 ) = 240 meters for T0 = 270 K and 30 mbar in winter at high
latitudes.

These are remarkable numbers providing reliable orders of magnitude showing that just  17 meters of air in tropical
zone or  240 meters in temperate zone during winter (lower content of H20 vapor) are the thickness of the slice of
atmosphere that will stop 80% of the radiative emissions originating from the ground (optical thickness τ of 1.07)68.

At the TOA level, the pressure corresponding to the optical thickness τ of 1.07 lies somewhere around 290-310 mbar for
[2-12]THz and [40-65]THz (Figure 17 is later provided and shows the height of the level is highly variable depending on
the frequencies and the gas, i.e. H20 or CO2) and we will be back on that later, as the slight drifting lower of the altitude
of  this  layer  explains  the thermal  regulation of  the atmosphere.  The thickness  of  the layer  emitting 80% or  the
radiations towards the cosmos is a slice of approximately 2 km (and more) and lies around 9 km for about 0.3 atm
where we have 250 g to 300 g H2O / tonne of air. Within this "atmospheric window", between 23 and 35 THz or 750
and 1170 cm-1, if we reason statistically (dry or humid area, clear or overcast sky, ...), it is generally accepted that the
Earth's surface would radiate (at 15°C or 288K) around 110 W/m2 towards the cosmos (at 0K), by clear sky (optical
thickness = 0), if there were not this continuum of water vapor or the clouds. But in this continuum, water vapor, with
an average optical thickness of 0.5, blocks most of it at low altitude and on what crosses water vapor, the clouds block
(statistically) 60% (depending on whether they are present or not), at an altitude of approximately 2 or 3 km (i.e. 13 to
20°C less than the ground surface, i.e. approximately 20 W/m2 of heat transfer from the ground to the atmosphere).

Figure 14. Shows the net absorption and release of latent heat energy for the Earth's surface for January and July, respectively. The
highest values of flux or flow occur near the subtropical oceans where high temperatures and a plentiful supply of water
encourage the evaporation of water. Negative values of latent heat flux indicate a net release of latent energy back into
the environment because of the condensation or freezing of water. From Climate Lab Section, University of Oregon.

68 A slightly different but complementary approach by Nahle (2011) computes that the Quantum/wave stream mean free path
length leaving the surface of the Earth to the outer space before it has collided with molecules of carbon dioxide is about 33
meters. Geuskens (2019) then addresses the deactivation mechanisms of the CO2 molecules after such an encounter.
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On average and depending on the clouds (the average optical thickness is taken = 1;  τ = 0.5 for clear sky), and the
Earth's surface at 15°C, therefore radiates directly 22 W/m2 towards the cosmos (thus accounts for only 6% of the total
outgoing radiation). But outside this "atmospheric window", the  Earth, at ground level,  cannot dissipate its heat by
radiation, since the  atmosphere is completely  opaque (optical thickness greater than 5), therefore the very opaque
lower  troposphere is  at  the same temperature  as  the Earth's  surface and there  is  no heat  transfer  by radiation
between the two. And yet, it has to evacuate this energy, otherwise, it would heat up indefinitely, thus it has two other
means than radiation to do it: by evaporation and by convection.

The oceans are at the heart of the system; indeed, they receive, like the rest of the earth's surface, 156 W/m 2 (actually
a little more, because of their low albedo), and absorb almost all of them on the surface over a few decimeters of
thickness but they cannot re-emit this energy by radiation, because the air above them is saturated with water vapor
and is therefore almost completely opaque in the thermal infrared range (except in the atmospheric window) and they
cannot cool by mixing with the deeper layers, because, heated from above, they are in temperature inversion. The
oceans  (and  wet  soils  and  vegetation)  then  use  a  completely  different  strategy  to  stabilize  their  temperature:
evaporation. Changes in physical state (melting  � solidification or vaporization  � condensation) involve the state
change latent heat69, defined (in Joules) as the energy required to change the state of one kg of water. Considering the
abundance of water on the Earth's surface (the oceans occupy 71% of it) and in the atmosphere (there is on average 25
to 30 kg/m2), this process is very significant : water consumes 590 times more energy to vaporize (or evaporate) than to
rise by 1°C. And all this energy is released when it condenses into clouds, then into rain, at altitude. In addition, the
warmer the weather, the more water evaporates, at a rate of +7% per °C under average terrestrial conditions (Dalton's
Law of Evaporation) and thus playing a major regulating role.

Depending on the sources used, evaporation from the earth's surface is estimated at 502,800 km 3 of water/year70

(oceans)  or at 495,000 km3/year71 + 74,200 km3/year (for land surfaces such as lakes, forests, plants, etc.), for a total of
576,000  km3/year,  or  18.25  x  109 kg/s.  Therefore,  as  calculated  by  Moranne  (2000)  «The  latent  heat  of  water
vaporization (energy required) at 15°C is 2.470 x 106 J/kg. So this evaporation consumes 2.470 x 18.25 x 1015 = 45 1015

W; the Earth's surface area is 510,000,000,000 km2, or 510 x 1012 m2; thus, evaporation at the Earth's surface consumes
an average of 45,000 / 510 = 88.4 W/m2, which corresponds to an average of about 1.13 m of rain per year72 ». After
recent upward revision Moranne (2020) states «In total,  we can therefore consider that it  is about  96 W/m2 that
bypasses the opacity of the lower atmosphere73, and are directly transferred by convection (like a kind of heat pipe), at
an altitude where this vapor condenses into clouds releasing the latent heat it contains. We will see further on that this
energy is then radiated into the cosmos at an altitude where water vapor is no longer an obstacle to its own radiation».
This corresponds to the TOA level of approximately 290 mbars (under which 80% of the IR emission is blocked anyway,
i.e. τ = 1.07).

Heat is also transferred by convection and Moranne (2020) adds «The surface of the warm ground also transfers some
of its heat to the air that sweeps it : this lighter air rises and heats the troposphere. This transfer is estimated at about
38 W/m2 (order of magnitude in the absence of precise measurement).  This is another "heat pipe", parallel  to the
previous one, which also crosses the opaque atmosphere to the top of the troposphere».

Therefore, from what has been described above, one can propose an overall balance at the level of the ground as
follows: as it has been assumed, the ground surface receives an incoming energy of about 156 W/m 2 from the sun and
to balance its temperature at the surface, the Earth releases:

� a part by direct radiation through the "atmospheric window", but partially blocked by the "continuum" of
water vapor (average optical thickness taken = 1; τ = 0.5 for clear sky and 60% of clouds), i.e. 22 W/m2;

� a  part  by  latent  heat  transfer  from  ocean  evaporation  and  plant  evapo-transpiration,  i.e.  computed  at
88.4W/m2 and revised upwards at about 96 W/m2;

� finally, a part by convection of heated air on the ground surface, i.e. approximately 38 W/m2.

69 Latent heat is energy released or absorbed, by a body or a thermodynamic system, during a constant-temperature process —
usually a first-order phase transition. The term was introduced around 1762 by British chemist Joseph Black. It is derived from
the Latin latere (to lie hidden) https://en.wikipedia.org/wiki/Latent_heat 

70 according to http://www.planetoscope.com/atmosphere/117-evaporation-de-l-eau-des-oceans-dans-l-atmosphere.html
71 according to http ://earthobservatory.nasa.gov/Features/Water/page2.php
72 These figures have recently been revised upwards (almost 10%), particularly in the oceans (satellite observations and increased

evaporation due to temperature rise : 7% per °C).
73 Of course, this is an average : overall, depending on the latitude, this consumption is distributed between 0 and 250W/m2

61

https://en.wikipedia.org/wiki/Latent_heat


 Even  though  all  these  figures  can  be  debated  (they  are  all  averages),  we  focus  on  an  order  of  magnitude  and
corresponding balance between the fluxes received and emitted, i.e. 156 = 22 + 96 + 38.
On the Top Of the Atmosphere the incident flux is evaluated at 240 W/m2 and the following figure gives the pressure at
which, for each of the two gases considered, namely H2O and CO2, and at their respective frequencies (20-75 THz), the
optical thickness is evaluated at  τ = 1.07, and therefore 80% of the radiative emission coming from atop has been
absorbed, and reversely it is the altitude at which the atmosphere begins to radiate towards the cosmos (below, it can
be considered totally opaque).

The Earth's Outgoing Long-wave Radiation (OLR spectrum) shows the Earth's radiance, seen from the cosmos, as a
function of the radiation frequency, i.e. in the different emission bands : the energy dissipated is proportional to the
area under the curve (i.e. the integral of the curve), the total area being 240 W/m 2. The balance for these 240 W/m2 is
established by Moranne (2020) as follows: « 17 W/m2 from the stratosphere (O3 band) as the stratosphere has its own
balance  and  restores  what  it  has  absorbed,  the  22  W/m2 radiated  directly  from  the  ground  to  the  cosmos  (i.e.
atmospheric window), 190 W/m2 from atmospheric water vapor with a part in the band of the atmospheric window
(between 800 and 1200 cm-1), coming from a relatively low altitude (top of the continuum) to a high temperature and a
part, outside this band, at the top of the water vapor, therefore higher, therefore colder between 500 millibar and the
tropopause ; finally 10 to 12 W/m2 by the top of the tropospheric CO2 (in the band 610-7350 cm-1, or 18 to 22 THz)».

Figure 15. The position (altitude expressed in pressure) of the bottom of the layer that makes 80% of the radiation from the air to
the cosmos (TOA) at the different frequencies of the thermal infrared. The "Higher-Colder" for a doubling of the ppm of
CO2 around 18 THz and 22 THz is the difference between the black and red curves!, visible between 0.4 atm and 0.2 atm;
in blue the water vapor – layer at  τ =1.07 for both CO2 and H2O (30 Kg/m2). For the record, 0.2 atm corresponds to an
altitude of 12 km: it is also the altitude of the tropopause in temperate zones, at an average temperature of -60°C or
213K, after Moranne (2020).

If CO2 plays some role at the level of the stratosphere, one should notice that it blocks very little of the earth's radiation
towards the cosmos : 11 W/m2, or barely 5% of the OLR and appears to have a completely marginal role. To compute
the atmospheric sensitivity to CO2, Moranne (2020) retains the following figures, «To balance a doubling of CO2 as the
only incident factor, the surface will have to evacuate an additional : 1.1 W/m 2 (IR radiation from CO2 to the ground)
plus 0.3W/m2 (partial closure of the atmospheric window), minus - 0.4 W/m2 (solar radiation absorbed by stratospheric
CO2 that the ground will be deprived of), thus a total of 1 W/m2 and the (upper) troposphere will have to evacuate an
additional : 2.1 W/m2 (decrease in IR radiation at the top of the CO2 to the cosmos effect) plus the 1 W/m2 (evacuated
from the ground and recovered by the troposphere, provided the ground can balance them), thus a total of 3.1 W/m 2».
As we have seen before that the evaporation is a very effective mechanism to evacuate heat, each additional degree
leads to an increased evaporation of 7%,  it is easy to compute that to offset these additional 3.1 W/m 2 one will need an
increase of temperature of (3.1/ (96 * 0.07))=0.46°C.

But, AGW supporters will claim that this increased evaporation will lead to an increase content of water vapor, that will
increase the optical thickness in the continuum as well and therefore the atmospheric windows undergoes a double
shrinkage due to the 0.3 W/m2 seen before that reduce the emission to 21.7 instead of 22 W/m 2 and a new shrinkage
due to the increase of water vapor. The increase of 0.46°C, i.e. of 3.22% (0.46/7%) of the evaporation will lead to an
increase of the τ from 0.5 to 0.5*3,22%=0.516 and therefore from τ = 1.0 to τ = 1.016 (clouds remaining unchanged). 
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Thus:
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�� � = (21.7 / 2,71828) * 0.016  = 0.13 W/m2 (81)

Figure 16. Pressure (in atm) of the level above which 80% of the photons radiated by the air and reaching the cosmos are produced.
Location of the τ =1.07 layer from the top of the air for CO2, 2*CO2, and water w=25kg/m2 & w=50kg/m2. Solutions of
τH2Omax P 4.5 = 1.07 and of τCO2max P 1.45 = 1.07 and 2* τCO2max P 1.45 = 1.07. In orange the Planck function for a black body at
255K (Veyres, 2020).

So, instead of having to evacuate an additional 3.1 W/m2 it will be necessary to evacuate (3.1 + 0.13)=3.23 W/m2. Then
evaporation does not increase of 3.22% but of 3.22*(3.23/3.1)=3.22*(1+0.04) an so on, with an increase of 4% each
time and the series converges towards 1.04, thus we finally have to evacuate 3.23 W/m2 which leads to:

(3,23/ (96*0.07))=0.48°C (82)
The level P1.07 of the optical thickness τ =1.07 from the top of the air, is the lower limit of the layer sourcing 80% of the
photons lost to the cosmos; this level is the solution of 1 = τ max H2O P 1.07 H2O 4.5 or 1= τ max CO2 P 1.07 CO2 1.45. Doubling τmax CO2

uppers the CO2 level from P 1.07 CO2 to P"= 0.62 P 1.07 CO2 as shown on the previous Figure 16. There are about 40 cm-1 near
610 cm-1 and near 730 cm-1 where CO2 would  radiate  from a cooler and higher layer  after an  instantaneous CO 2

doubling with all temperature and humidity of the troposphere kept fixed, hypothesis which does not make sense!

Let’s note first that this CO2 doubling is not going to happen overnight but, at +2 ppm/year, would take about 200
years; hence there is plenty of time for convection and water vapor to restore the emission of heat energy to space as
this happens every day and night. Second this small temperature increase (i.e. 0.48°C) is in fact swiftly compensated by
an adaptive phenomenon involving water vapor: if CO2 radiates from higher and cooler (in the troposphere only !) there
will be more cooling of the 250 mbar layer (near 610 cm -1 and near 730 cm-1) and less cooling at 350 mbar (this is likely
to be erased by convection) and the water vapor content of upper layer of the air (in blue) will change by about 12%/K
near the tropopause and is reduced by the enhanced cooling of the 250 mbar layer; hence the water vapor radiation
will be from a lower and warmer level (e.g. Ellsaesser, 1991), with a very significant spectral leverage of a factor of ten
(400 cm-1 for the water vapor as compared to 40 cm-1 for the CO2).

Furthermore, the water vapor content of the air near 300 mbar (i.e. ≈ 9 km of altitude) is dynamic, extremely variable
and regulates the Outgoing Longwave Radiation of the globe (OLR); the relative humidity is there from 20% to 50%. It
wipes out in hours or days any tropospheric effect of more CO2 in the air. The lower limit of the radiating layer or skin is
pictured in blue for water vapor, red for today’s CO2 ppm, magenta for doubled CO2 (Figure 16). CO2 radiates from the
stratosphere except near 18.4 THz and near 21.6 THz. Doubling the CO2 content of the air pushes the radiating skin
upward around those two absorption lines from 350 mbar to say 250 mbar, from red to magenta, hence a “higher and
cooler” effect in the troposphere74, that reduces the OLR by some 1.6W/m² (effect at the top of the atmosphere), less
than one percent of the water vapor tropospheric OLR.

74 This is an elementary consequence of the ideal  gas relationship, because a warmer surface and lower troposphere correspond to
a higher tropopause and a colder lower stratosphere and vice versa. So if there is a warming of the lower troposphere, which is
observed since the end of the LIA, the relationship between surface temperature and upper troposphere temperature means
that the tropopause is higher. However, in cold polar regions there is a temperature inversion (air at 500 m or 1 km is warmer
than the surface) and thus more CO2 would actually decrease the radiation from the air to the surface, as this radiation would
come on average from lower and colder (Schmithüsen, H., et al., 2015).
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As far as the energy retained at the level of the ground due to a doubling of CO2, the calculation done by Moranne
(2020) of 1.0 W/m2 is certainly conservative, i.e. «1.1 W/m2 (IR radiation from CO2 to the ground) plus 0.3 W/m2 (partial
closure of the atmospheric window), minus - 0.4 W/m2 (solar radiation absorbed by stratospheric CO2 that the ground
will be deprived of), thus a total of 1.0 W/m2» and Hansen et al. (1984) consider that a doubling of CO2 would rather
lead to an increase of 0.8 W/m² per clear sky. Figure 16 shows that doubling the carbon dioxide content of the air (the
red curve replaces the black curve on Figure  13) very slightly closes the window of water vapor around 26 THz and
therefore reduces the radiation which, not trapped by the clouds and water vapor, passes directly from the surface to
the cosmos; as said this effect is on the order of 0.8 W/m² for a clear sky.

But, the surface radiation reaching the cosmos is on average 22 W/m² including the effect of the clouds and say 50
W/m² through the atmospheric window for clear cloudless sky. Therefore, the 0.8 W/m² need to be corrected by the
ratio (22/50) * 0.8 W/m² = 0.35 W/m² to get an effective value of what does not reach any longer the cosmos and was
initially radiated by the surface. These 0.35W/m² will go through the cycle of evaporation, advection (or displacement
of air), condensation, and radiation at altitude towards the cosmos.

Again, the evaporation is a very effective mechanism to evacuate heat, as seen each additional degree leads to an
increased evaporation of 7%, it is easy to compute that to offset these additional 0.35 W/m2 one will need an increase
of temperature of (0.35/(96*0.07))=0.052°C. This additional absorption arising from a doubling of CO 2 traps 0.35 W/m2

and is therefore negligible compared to the average evaporation of 96W/m², double or triple in tropical areas (Figure
14). Now let’s consider what happens at the Top Of the Air and remind first that the radiation from the TOA to the
cosmos is supplied roughly half by the solar irradiance absorbed by water vapor and half by condensation and a little by
convection; it is not supplied by radiation from the surface since the net radiative balance between the surface and
the air is almost zero.

Figure 17. Cooling of cloudless air by radiation for a tropical troposphere: O3 around 960 cm-1, CO2 around 666 cm-1 and water vapor
across the spectrum. The considered spectral range is from 0 to 2500 cm -1. From (Brindley and Harries, 1998). The low
areas in pale blue do not cool because the medium is opaque, the high areas in light blue do not cool because there is
hardly any trace gas left (no water vapor capable of radiating).

Let us now see the top of the air which radiates towards the cosmos: this radiation takes place in the layers around τ=1,
τ optical thickness counted from the top of the air, and therefore at a pressure, in atmosphere, of (1 / τ max H2O) (1 / 4.5)  for
water vapor and (1 /  τ max  CO2)  (1  /  1.45) for CO2,  see (Veyres, 2020b)75 p. 9-10. A calculation, made absorption line by
absorption line (Figure 17) shows where these layers are. The higher the altitudes at the which they cool (pressures the
lower), the bigger the optical thickness τ of the air (Figure 15).

75 See Figure entitled: Approximation of saturated water vapor and real water vapor as a function of P (atm) assuming a change in
relative humidity in 80% P 0.75 and corresponding abacuses.
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The heating of the tropopause by CO2 (and ozone) which absorbs the radiation coming from the warmer zones above
and below is evacuated by the radiation of water vapor towards the cosmos, on this same layer between 100 cm -1 and
400 cm-1. Figure 17, shows that CO2 essentially radiates from the stratosphere towards 225K above the tropopause and
the O3 radiates towards the cosmos from the top of the stratosphere at more than 250K and essentially more than
275K; the peaks of optical thickness of CO2 around 614 cm-1 and 718 cm-1 (i.e. the two pins or the «horns» Figure 16) are
not very clearly visible here and rest a little below the tropopause (towards τ = 4). 

For  an  instant  doubling  of  [CO2]  content  of  the  atmosphere  (what  a  strange  first  assumption),  with  unchanged76

temperature and water vapor profiles (what a strange second assumption), the radiation of tropospheric CO 2 towards
the cosmos would decrease by 1.5 to 2.0 W/m². Even if you believe that making such assumptions makes sense (I do
not) it is a ludicrous figure for such a convoluted reasoning. The representations for water vapor in Figure 16 assume
that the relative humidity remains constant. However, water has the property of condensing (clouds, rain). As Veyres
(2020) reminds «the 1% (or 4%) of the total water vapor which is above 360 mbar (or 500 mbar) provides the bulk of the
radiation  towards  the  cosmos  (below  600cm-1)  and  regulates  it  finely  and  quickly.  The  compensation  of  a  lesser
radiation towards the cosmos of tropospheric CO2 on 40 cm-1 (passage from the red curve to the magenta curve of
Figure 8) is done by a slight decrease in the water vapor content of the upper layers, with an effect on more than 400
cm-1: the water vapor then radiates lower and warmer», this is based on observations, e.g. as reported Figure 19 and
Figure 20.

Figure 18. A radiative transfer model simulation of the TOA zenith monochromatic radiance for a mid-latitude summer atmosphere.
Smooth solid lines indicate Planck curves for different temperatures: 225, 250, 275, and 293.75 K. The latter was the
assumed surface temperature. The calculated quantity has to be integrated over frequency and direction to obtain total
OLR (Buehler et al, 2006). Similar OLR spectrum can be measured by Michelson spectrometers at the nadir of satellites.

As explained by Buehler et al  (2006) and taken into account by their model “ the sensitivity of OLR to changes  in
humidity,  carbon  dioxide  concentration,  and  temperature  were  investigated  for  different  cloud-free  atmospheric
scenarios. It was found that for the tropical scenario a 20% change in humidity has a larger impact than a doubling of
the carbon dioxide concentration. The sensitive altitude region for temperature and humidity changes is the entire free
troposphere, including the upper troposphere where humidity data quality is poor. The considered spectral range is from
0 to 2500 cm-1, the most important radiatively active species in this spectral region are water vapor, carbon dioxide,
methane, nitrous oxide, and ozone, with water vapor being by far the most important one… Only the clear-sky case
was considered. Clouds are known to have a very important impact on both the SW (i.e. Short Wave, Solar) and the LW
(i.e. Long Wave, IR) radiation, but, as stated above, are not the subject of this study… The mean value of clear-sky OLR
most strongly depends on the mean temperature and humidity profile”.

76 As reminded by Veyres (2020) the notion of radiative forcing, variation of the net radiative flux rising at the tropopause with
temperature and humidity profiles kept fixed, is only a calculation trick used to compare calculation programs with each others.
Contrary to the assertions of the IPCC, this «notion» has no physical reality: in 200 years, the time necessary to double the ppm
at the current rate of + 2ppm / year, the temperature and humidity profiles have the time to adjust, as they do every day in a few
hours, by convection and by condensation.
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Even with the limitations of this study, it is visible that doubling CO2 is not a big deal, but that water vapor, humidity
content and temperature profile up to the tropopause,  plus the clouds which have not even be taken into account ,
play much bigger roles. The radiation of the stratosphere is hardly changed by a change in CO 2 contents: each layer will
always radiate as much as it receives from solar UV absorbed by oxygen and ozone, but at optical frequencies offset by
a few cm-1. The notch at 666 cm-1 is higher (and "warmer") at an altitude of more than 11 km and corresponds to the
maximum of the optical thickness of CO2, while the spike at the middle of the notch goes a lot higher up to 35 km.

Figure 19. Atmospheric specific humidity at 300 mb (ca. 9 km altitude), 600 mb (ca. 4.2 km altitude), 1000 mb (near surface) over
the  period  1948-2016.  Data  from  NOAA  Earth  System  Research  Laboratory,  chart  from
https://www.climate4you.com/ClimateAndClouds.htm

The polytropic  gravitational  lapse rate,  g/(Cp+|Ch|)  seen in  one of  the previous sections explains  the tropospheric
temperature profile, and determines the  surface temperature attached by the polytropic relation T/T0 = (1/P0)R/µ/(Cp+|Ch|)

to  a  layer  {P0,  T0}  which  radiates  towards the cosmos:  this  layer  is,  because of  the shape of  the Planck function
(depending on the optical frequency), driven by the water vapor below 600 cm -1 and by the clouds (present 2/3 of the
time and places), which replace the surface in the 350 cm -1 window of water vapor. Figures 13 and 16 correspond to the
less frequent case of clear skies.

The reader might probably start sensing that I feel like we have spoken way too much of CO 2 so far and that it will be
soon time to move on to more important factors really playing a role on climate, leaving behind us the fantasy land of
climate science.

So,  it  is  time  to  draw some conclusions.  CO2 plays  a  very  minor  role already  at  the  level  of  the  physics  of  the
atmosphere and we have not considered yet  all  other  factors  having an impact  such as  :  variation of  the orbital
characteristics  of  the  Earth  (i.e.  obliquity,  precession,  eccentricity,  nutation),  variable  activity  of  the  sun  and  the
mechanisms by which they can impact clouds formation and therefore the albedo, heat storage and distribution by
means of the oceans, the currents and the global atmospheric circulation, etc.

Gregory (2013) also provides a graph of the global average annual Relative Humidity (RH) from 300 mb to 700 mb,
shown in next Figure 20. The specific humidity in g/kg of moist air at 400 mb (8 km) is displayed in Figure 21. It shows
that specific humidity has declined by 14% since 1948 using the best fit line.
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Figure 20. Global relative humidity, middle and upper atmosphere, from radiosonde data, NOAA Earth System Research Laboratory.
These  radiosonde  measurements  of  relative  humidity  in  the  upper  troposphere  (1948-2012)  show  that  increased
temperature and CO2 did not increase humidity there - the opposite of the assumptions of both General Climate Models
and the IPCC. Source: Gregory (2013).

Gregory (2013) states “In contrast, climate models all  show RH staying constant, implying that specific humidity is
forecast to increase with warming. So climate models show positive feedback and rising specific humidity with warming
in the upper troposphere, but the data shows falling specific humidity and negative feedback”, see Figure 21. This also
matches  Miskolczi's  (2010)  findings,  who  reported  based  on  the NOAA 61 year  global  average database  that  the
atmosphere’s moisture content during 61 years from 1948 to 2008, in global average, decreased by about 1%.

This amount was the climate process’s automatic dynamic response and was enough to counter the impact of any
CO2 and methane increase. Furthermore, the Earth climate system has several other ways to self-regulate the impact of
CO2 other than humidity decrease. The possibilities involve modifications in the vertical distribution of water vapor,
meridional (latitudinal) distribution of water vapor, meridional distribution of temperature, cloud reaction (e.g. average
cloud cover, cloud height, cloud type, cloud thickness, etc.) making it such that “the total long-wave feedback, including
cirrus cloud variations, may even be negative” (Lindzen, 2019).

Figure 21. Specific humidity at 400 mb pressure level. Source: Gregory (2013).

67



As far as the physics of the atmosphere is concerned, one can identify the following three major factors, dealing with
the automatic adjustment of the layer of the tropopause where the water vapor radiates towards the universe, the
increase of the OLR, and the albedo change:

� 1) The content of air in water vapor is roughly constant (over time) but it tends to decrease in the upper
troposphere, as anticipated by Lindzen (1990) p. 296-297, and Ellsaesser (1991) and reported by Paltridge et al.
(2009) in their paper “Trends in middle- and upper-level tropospheric humidity from NCEP reanalysis data”, and
displayed on Figure 20 from Gregory (2013), while the IPCC had predicted the opposite (i.e. imaginary positive
feedback supposed to happen when the [CO2] increases77). It is the air vapor content of water around 9 km
which decreases slightly, hence a warmer and lower (altitude) radiation on 40 THz (Ellsaesser, 1991). That
slight decrease in humidity around 300 mbar (i.e. ≈ 9 km of altitude) explains why the bottom of the layer of
optical thickness 1.07 has come down, say, from p=300 mbar to p=311 mbar. These pressures correspond, for
288K at the surface, according to the relationship T ~ P  0.19, to temperatures of 229.1K and 230.7K. Veyres
(2020) states that «the quantity of water vapor above 500 mbar is dynamic (the relative humidity is extremely
variable and unstable between 400 mbar and 200 mbar), and regulates the infrared thermal flux emitted by
the globe towards the cosmos; as the caloric content of the oceans changes very little from one year to the
next,  by  about  a  thousandth  of  the  solar  flux  absorbed by  the  globe,  this  demonstrates  the  efficiency  of
regulation by the quantity of water vapor between 100 mbar and 400 mbar, and by the clouds. As, at these
temperatures, 4 σ T3 is 2.75 (W/m²) / K, we would have, in black body, a variation of the flux 4 σ T3 dT = 2.75
(230.7K - 229.1K ) = + 4.3 W/m²».

Figure 22. Average total radiation of the globe in thermal infrared (in W/m²) represented as a function of the carbon dioxide content
of the air in ppm (Mauna Loa series)78. Note the seasonal cycles due to vegetation. Forty years of observations (1974-
2014) show a slight growth (trend in red) and certainly not the trapping (or decrease in OLR) of 1 W/m² claimed to come
from the greenhouse effect according to the decrease known as by the IPCC Myhre (1998) formula (black line).

The blue curve Figure 13 shows that between 200 mbar and 400 mbar water vapor radiates over about 50THz,
almost 40 times the band of tropospheric CO2 at the same altitude (i.e. < 1.5THz). Figure 15 shows that water
vapor at these pressures only emits over part of the thermal infrared spectrum, around 50 THz of the 75 THz.
Below 600 mbar the surface temperature  determines the water vapor  content of  the air,  but  only  has  a
radiative effect in the water vapor window: regulation is done by (low) clouds which reduce the amount of
sunshine, absorb the flux radiated by the surface and radiate towards the cosmos, through their upper surface,
at their own temperature. Between 400 mbar and 200 mbar the movement of air determines the amount of
water vapor which observations show to provide remarkable regulation of the radiation from the air to the

77 https://climateaudit.org/2009/03/04/a-peek-behind-the-curtain/ any paper such as Paltridge et al. (2009) reporting “illegal“ and
“IPCC-unfriendly” results are rejected by the climate obfuscators as a capital offense, the reviewer of “ Journal of Climate” stating
“the only object I can see for this paper is for the authors to get something in the peer-reviewed literature which the ignorant can
cite as supporting lower climate sensitivity  than the standard IPCC range”.  Is  that Science? They hide cowardly  behind the
anonymity of the so called peer-reviewing process to execute their dirty stint. Who are they peer of ? Not of me, Shame on
them!

78 http://www.climate4you.com/GlobalTemperatures.htm#Outgoing 
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cosmos.  None of these phenomenons, which have a major impact on the stabilization of the climate are
properly taken into consideration by the computer climate models  that, instead, focus on the sole impact of
CO2, i.e. you can't see the forest for the trees. The actual feedback of the water vapor, following a temperature
rise, is therefore negative, i.e. stabilizing, which should not surprise the reader nor anyone as it if it had been
otherwise the Earth climate would have experienced a runaway million(s) or hundred of millions of years ago
when the [CO2] was a lot higher (10 times).

� 2) The infrared thermal radiation from the globe to the cosmos, the OLR is approximately 240 ±3 W/m² (240
W/m² for Moranne (2020)79) sum of 20 W/m² coming from the surface (Costa and Shine, 2012), 20W/m² due
to the emission of stratospheric ozone and CO2 and 193 W/m² (190 W/m² for Moranne (2020)) emitted by
water vapor which therefore provides roughly 83% of the OLR. As seen before, this radiation comes from the
highest layer of optical thickness 1.07 source of 80% of the photons that reach the cosmos. It is stressed by
Veyres (2020) that «the water vapor content of the lower layers (say 80% below 700 mbar) follows surface
temperatures, at all time scales, but what matters for the radiation of air to the cosmos is the water vapor
content of the upper layers».

The surface contributes very little to the OLR, e.g. Costa and Shine (2012) consider «this indicates that less
than one-tenth of the OLR originates directly from the surface» which matches well with the previous Figure
22. Humlum80 has drawn up estimates of the water vapor content: from 0.28 kg to 0.24 kg for a layer of 100
mbar (one tonne of air) around 300 mbar in January 1948 to June 2014 (Figure 19). We see (Figure 22) that
despite an increase of 21% in the [CO2] content, the radiation from the globe to the cosmos, i.e. the OLR, has
not decreased since 1974 but to the contrary it shows a slight increase (red line Figure 22). Clouds and vapor
therefore  provide  effective  regulation.  The  OLR observed  from  satellites  increased since  1974  by  1.1
W/m²/decade (Dutch Royal Meteorological Office KNMI81) and the ocean Heat Content increases by some 0.25
W/m² since the 1970s. OLR graphs (among others), spanning the period 1948-2021 can be generated directly
accessing the NOAA site82 see Figure 24.

Figure 23. Albedo  of  the  northern  (left)  and  southern  (right)  hemispheres  from  January  1984  to  December  1997.  Data  from
Hatzianastassiou et al. (2005) plotted by Veyres (2019) suggest that the maximum albedo in the northern hemisphere
comes from the cloud cover and incidentally from the snow cover in winter of the mid and high latitudes of the northern
hemisphere; the maximum of cloudiness in the southern hemisphere is in southern summer (displacement towards the
south of the vertical meteorological equator) and in southern winter (clouding and extension of the Antarctic pack ice).
They also clearly show a decrease of the Northern Hemisphere Albedo (left) over the 1984-1998 period.

� 3) The reason why the OLR has slightly increased and the specific humidity decreased at 300 mbar - operating
as a negative regulating mechanisms (and not as a positive feedback as all the IPCC AGW theory is based on) -

79 Raschke  (1968)  stated  238  W/m²  a  long  time  ago,  i.e.  0.341  Cal  cm -2 min-1 (Table  1,  p.  10)  –  use  to  convert
https://www.gordonengland.co.uk/conversion/xindex.htm,  but  Maurin  observes  that  240  W/m²  is  an  average  and that  this
average is illusory because the real world values are either far above or far below 240 W/m². It would be preferable to indicate a
total power of 122 PW±1.5 PW. This power of 122 PW is also very unevenly emitted according to the geographical area (emitted
especially in tropical areas). 1 PW = 1015 W.

80 www.climate4you.com 
81 http://climexp.knmi.nl/data/inoaa_olr_ 0-360E_-90-90N_n.dat 
82 OLR & Humidity at 300 mbar (specific or relative) can easily be obtained accessing the NOAA site: 

https://psl.noaa.gov/cgi-bin/data/timeseries/timeseries1.pl?  
https://psl.noaa.gov/cgi-bin/data/timeseries/timeseries.pl?ntype=1&var=OLR&level=2000&lat1=-
90&lat2=90&lon1=0&lon2=360&iseas=0&mon1=0&mon2=0&iarea=0&typeout=2&Submit=Create+Timeseries 

69

https://psl.noaa.gov/cgi-bin/data/timeseries/timeseries.pl?ntype=1&var=OLR&level=2000&lat1=-90&lat2=90&lon1=0&lon2=360&iseas=0&mon1=0&mon2=0&iarea=0&typeout=2&Submit=Create+Timeseries
https://psl.noaa.gov/cgi-bin/data/timeseries/timeseries.pl?ntype=1&var=OLR&level=2000&lat1=-90&lat2=90&lon1=0&lon2=360&iseas=0&mon1=0&mon2=0&iarea=0&typeout=2&Submit=Create+Timeseries
https://psl.noaa.gov/cgi-bin/data/timeseries/timeseries1.pl
http://climexp.knmi.nl/data/inoaa_olr_%200-360E_-90-90N_n.dat
http://www.climate4you.com/
https://www.gordonengland.co.uk/conversion/xindex.htm


is to be searched in an albedo change; for the record, a 1% albedo variation (from 31% to 30% for example) i.e.
a small 3% change, and it is 3.4W/m2 more energy received at the ground level (Hatzianastassiou et al., 2005),
thus of the same order as a doubling of CO2 would lead to. They are many reasons why the albedo may
change, e.g. (Ramanathan and Collins, 1991) but has most probably a relationship to Svensmark’s hypothesis
of the influence of cosmic ray fluxes on the global cloud coverage (Svensmark and Friis-Christensen, 1997),
(Svensmark, 1998), for which he coined the new term of cosmoclimatology (Svensmark, 2007; Hecht, 2007)
and studied the experimental evidence for the role of ions in particle nucleation under atmospheric conditions
(Svensmark et al., 2007) and demonstrated that cosmic ray decreases affect atmospheric aerosols and clouds
(Svensmark et al., 2009). He also studied the response of cloud condensation nuclei (> 50 nm) to changes in
ion-nucleation under  atmospheric  conditions (Svensmark  et  al.,  2013),  observed  that  increased  ionization
supports growth of aerosols into cloud condensation nuclei (Svensmark et al., 2017), and finally summed up
his work in a very easy to read and intelligible manner into «The Sun’s Role in Climate Change» (Svensmark,
2019) where it is emphasized that it is not the change of solar irradiance that generates Sun-driven climate
changes, but that the Sun is really the elephant in the room that few wanted to see to its right role and that it
acts via other mechanisms than a simple change of radiations as received per the Earth. Many studies confirm
the link between GCR and climate series, such as (Gray et al. 2005; Perry, 2007; Laken et al. 2010; Maliniemi
2016; Maliniemi et al., 2017; Asikainen et al., 2017), some focusing specifically on the link between GCR and
the albedo, what they refer to as the “umbrella effect” as Kitaba et al. (2017).

Figure 24. Evolution of the OLR in W/m2 over the timespan 1948-2021, automatically generated by the NOAA site as per the results
of the NCEP/NCAR Reanalysis 40-year Project (Kalnay et al., 1996).

One should notice that  the IPCC Third  Assessment Report  (TAR)  (IPCC,  2003),  defined the radiative  forcing in the
following  manner:  "The  radiative  forcing  of  the  surface-troposphere  system  (due  to  a  change,  for  example,  in
greenhouse gas concentration) is the change in net (solar  plus longwave) irradiance in W/m² at the tropopause after
allowing  the  stratospheric  temperatures  to  re-adjust to  radiative  equilibrium,  but  with  surface  and  tropospheric
temperature and state held fixed at the unperturbed values". The radiative forcing is therefore thermal infrared added
to the solar flux; yet the effects of a radiation on matter depends a lot on the frequency of this radiation: for example
2W/m² in radio and 2W/m² in UV or X-rays have very different effects! The visible solar and near UV rays penetrate the
ocean while the thermal infrared is absorbed by a few tens of microns of liquid water! Diffusion by molecules and
atmospheric particles, i.e. the Rayleigh and Mie scattering are completely different in solar SW and thermal infrared.
But IPCC authors do not matter, they add them up! But things get even worse, in the IPCC AR5 WG1 2013 report (IPCC,
2013), p. 665, § 8.1 box 8.1 and Figure 8.1 p. 669 the Effective Radiative Forcing (ERF) is defined as: “ERF (effective
radiative forcing) is the change in net TOA (top of the air)  downward radiative flux after allowing for atmospheric
temperatures,  water  vapor  and clouds  to adjust,  but  with  surface  temperature  or  a  portion  of  surface  conditions
unchanged”, while the Radiative Forcing (RF) is defined, as it was in AR4 ( IPCC, 2007a), as “the change in net downward
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radiative flux at the tropopause after allowing for stratospheric temperatures to readjust to radiative equilibrium, while
holding surface and tropospheric temperatures and state variables such as water vapor and cloud cover fixed at the
unperturbed values”. Thus, it should be acknowledged that these notions, ERF and RF, are illusions computed on flawed
assumptions, that will never be realized in the real world. [CO2] are not going to double while holding surface and
tropospheric temperatures and state variables such as water vapor and cloud cover fixed, this is totally nonsensical.
This is a fictitious attempt made to hide the fact that first and foremost self-regulating mechanisms are clouds and
changes of the water vapor distribution and that contrary to what has been asserted by IPCC, the observed OLR has
increased, see Figure 24. This mere observation simply invalidates the AGW theory, whereby CO 2 would trap heat and
thus lead to a decrease of the OLR as forecast by all line-by-line IR-absorption calculation modules, see e.g. Carson
(2013). Furthermore, changes of water vapor distribution, which has decreased (again contrary to IPCC forecasts) in
particular at the 300 mbar level, as shown in Figures 20 and 21, simply because water vapor radiates “stronger from
lower”, has not only balanced the Earth energy budget but led to an increase of the OLR.

Debates concerning the link between geomagnetism and climate have been heated since Courtillot's et al. (2007) paper
exploring possible connections between the Earth's magnetic field and climate. Bard and Delaygue (2008) attempted a
refutation,  which  beyond  the  controversy  over  the  role  of  GCRs  had  the  merit  to  once  again  establish  a  clear
relationship between solar activity and climate asserting “Indeed, Holocene paleoclimatic records suggest that solar
changes have contributed to relatively small climate oscillations occurring on time scales of a few centuries (Bard and
Frank (2006) and references therein), similar in type to the fluctuations classically described for the last millennium: the
so-called  Medieval  Warm Period  (900–1400 A.D.)  followed by  the  Little  Ice  Age  (1500–1800 A.D.)”.  The tentative
demonstration  by  Bard  and  Delaygue  (2008)  to  attribute  the  most  recent  warming  to  man-made  GHGs  appears
particularly unconvincing as only based on modeling studies by Stott et al. (2000) and Meehl et al. (2004), i.e. virtual
computer climate artifacts, they claim “These modelling studies also suggest  that the observed acceleration of the
temperature rise since ~ 30 years probably exceeds the natural variability”. This is all the more surprising as one of the
sources cited seems much more circumspect as Stott el al. (2000) state “80% of observed multidecadal-scale global
mean temperature variations (...)  are due to changes in external  forcings” read natural phenomena and the other
resorts  to  “ensemble  simulations”  the  weaknesses  and  instability  of  which  “butterfly  effect”  is  well  known  and
discussed in the section presenting Figure 101, p.  252. Thus, such a critical attribution relies on very weak evidences
such as  “This  recent  warming phase  cannot  be  explained  by  natural  changes  in  the  Sun’s  output,  which  are  well
constrained over the last three decades” pretending to ignore that there is a multi-decadal hysteresis between the Sun
forcing, the oceans energy storage capacity and the delayed climate response in a very complex non-linear coupled
system. Furthermore, the MSU UAH Global Temperature series It not show any exceptional warming (Spencer, 2021). It
seems that Bard and Delaygue (2008) want to jump to a foregone conclusion and this attempt is all the less convincing
as they attribute the variations since 1850 to 1980 to the natural variability, which is obvious and very significant. The
awkward shift in their argumentation for the last ~30 years, i.e. 1978-2008, based on models looks very similar to what
IPCC has done since AR4 and AR5, by waiving the requirement to provide direct empirical evidences. Let's not jump to
foregone inferences not properly substantiated. Exploring other mechanisms seems a much more promising route as
done by Campuzano et al.,  (2018) who demonstrate other forms of clear relationship between geomagnetism and
climate based on information theory principles and techniques. Finally, one should notice that Courtillot et al. (2008)
brought a response where they state “In any case, the relationship between climate, the Sun and the geomagnetic field
could be more complex than previously imagined” which is probably the best possible conclusion, especially as these
authors envisage that to account for their observations, the geomagnetic field geometry could not have been axial and
dipolar during archeomagnetic jerks that lead to a cooling climate and thus proposed a mechanism of dipole tilt or non
dipole geometry. The response made by Courtillot et al. (2008) is in agreement with what is developed by Campuzano
et al., (2018).

One thing known for sure since the work of Osprey et al. (2009) is the almost perfect correlation between the detected
cosmic rays and the stratospheric temperature, which is understandable as follows : cosmic rays, also called muons,
result from the spontaneous degradation of other cosmic rays, known as mesons. The increase in the temperature of
the atmosphere results in an expansion of the atmosphere in such a way that fewer mesons are destroyed by impact on
air molecules (O2, N2 etc...), leaving a greater number of the latter, which have escaped the impacts, to undergo the
natural degradation into muons. Thus, if the temperature of the atmosphere increases, more muons are expected to be
observed. But  what surprised the researchers was the sudden and intermittent  increase in the number of  muons
observed during the winter months.  They verified that  these more or less localized puffs of muons correspond to
sudden increases in stratospheric temperature of some 40°C. Osprey et al. (2009)  state “These events are known as
Sudden Stratospheric  Warmings(SSW) and appear as a displacement or  splitting of a large persistent  low pressure
system which resides over the pole, known as the wintertime stratospheric polar vortex”. This is an important discovery
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establishing the relationship of stratospheric temperature with GRCs. As will be seen later,  changes in stratospheric
temperatures and winds due to changes in GCRs, UV irradiance and ozone production (e.g. and associated planetary
waves),  have an influence on the underlying  troposphere and the surface climate involves  complex stratosphere‐
troposphere-ocean coupling chemistry-processes. The importance of such phenomena is often denied by IPCC-alarmists
seeking for sole explanation the radiative role of CO2.

So, let's give the conclusion of this section to Gregory (2013) “Climate models predict upper atmosphere moistening
which triples the greenhouse effect from man-made carbon dioxide emissions. The new satellite data from the NASA
water vapor project shows declining upper atmosphere water vapor during the period 1988 to 2001. It  is the best
available data for water vapor because it has global coverage. Calculations by a line-by-line radiative code show that
upper atmosphere water vapor changes at 500 mb to 300 mb have 29 times greater effect on OLR and temperatures
than the same change near the surface. The cooling effect of the water vapor changes on OLR is 16 times greater than
the warming effect of CO2 during the 1990 to 2001 period”.

Radiosonde and satellite data both show that upper atmosphere water vapor declines with warming, thus increasing
the OLR which is just the opposite of what IPCC has been conjecturing. The IPCC dismisses the radiosonde data as the
decline is inconsistent with theory. During the 1990 to 2001 period, upper atmosphere water vapor from satellite data
declines more than that from radiosonde data, so there is no reason to dismiss the radiosonde data. Changes in water
vapor are linked to temperature trends in the upper atmosphere.

Gregory (2013) also comes back on the well known “Tropical Hot Spot” issue that was  expected and anticipated by
IPCC models,  but  both  satellite  data  and radiosonde data  confirm the absence of  any tropical  upper  atmosphere
temperature  amplification,  contrary  to  IPCC  theory.  Gregory  (2013)  concludes  “Four  independent  data  sets
demonstrate that the IPCC theory is wrong. CO2 does not cause significant global warming”. And we more than agree!

Svensmark summarizes his thoughts in this simple way “By regulating the Earth’s cloud cover, the Sun can turn the
temperature up and down. High solar activity means fewer clouds and and a warmer world. Low solar activity and
poorer  shielding against  cosmic rays  result  in increased cloud cover and hence a cooling.  As the Sun’s  magnetism
doubled in strength during the 20th century,  this  natural  mechanism may be responsible  for a large part  of  global
warming seen then.”

When one combines the Galactic Cosmic Rays (GCR) effect on the modulated cloud cover linked to solar activity (not
just TSI, that is Total Solar Irradiance received at the top of the atmosphere) and changing terrestrial magnetic field,
with the orbitally induced effects of the variations of the three primary factors (i.e. tilt over the ecliptic, precession(s)
and eccentricity) (see section “Solar and Orbital Variations” p.144) modulated by the ever changing position of the
continental  masses  and  mountain-belts  affecting  the  atmospheric  circulation  and  precipitations,  plus  over  long
geological time scales the effect of the crossing of the galactic plane by the solar system (increasing GCRs), one gets a
sense of what drives the climate on Earth, certainly not CO2 concentrations, neither on decades, centuries, millenniums,
or short geological nor longer time-scales.

But before jumping to conclusions, let's have a look at the “Greenhouse Mess” that unfolds before us!
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“We shouldn’t have forgotten that the system has a lot of inertia and we’re not going to shift it very quickly. The thing
we’ve all  forgotten is the heat storage of the ocean — it’s a thousand times greater than the atmosphere and the
surface. You can’t change that very rapidly “ James Lovelock (2014)

“99.9 percent  of the Earth’s surface heat capacity is in the oceans and less than 0.1 percent is in the atmosphere.
Further, CO2 is only 0.04 percent  of the atmosphere. It beggars belief that a trace gas (CO 2), in an atmosphere that itself
contains only a trace amount of the total thermal energy on the surface of the Earth, can control the climate of the
Earth. This is not the tail wagging the dog, this is a flea on the tail of the dog wagging the dog.” Andy May (2018)

The «greenhouse» concept is probably the only one in physics for which we have several different definitions, none of
them matching the others!  It  ranges from stories of  window or  of  stack  of  windows 83 (forgetting the role  of  the
convection in the analogy), to the idea that infra Red Absoption Gases (IRAGs) would absorb and further re-emit e.g.
IPCC-GIEC AR3 (2001), to computations of the difference of what is emitted by the surface minus what is emitted by the
TOA towards the cosmos, i.e. OLR as per Ramanathan et al. (1987) or others, to a radiative flux from the air that would
warm the surface which does not make a lot of sense84, to models and computations based on Stefan-Boltzmann Law
(SBL)  (in  σT4) 85 to  obtain  a  (pre)determined  value  (e.g.  3,7  W/m2)  or  mimic  the  radiative  processes  of  the solar
photosphere! (whereby the nuclear fusion creates the energy that radiates outwards - see p. 146, whereas the Earth
atmosphere receives its SW energy from outwards), to that of an Earth without an atmosphere (but with clouds and an
albedo of  30.6%)  that  would  have  a  temperature  of  -18°C  (justifying  the  «greenhouse effect»)  –  what  a  strange
hypothesis! Shall we remove the oceans and not the atmosphere? Or just one and not the other? Or both and reduce
the size of the Earth to enable the escape of water into the interplanetary space, reduce down to what?, the Moon? So
let’s measure the temperature of the Moon and forget the Earth, at least this has been done properly. In fact, this
confusing set of definitions and conflicting concepts is well underlined by Gerlich and Tscheuschner (2009).

So, not delving into this mess, let’s  remind some physics principles that everybody agrees on. All  gases which are
transparent to visible radiation and which partially absorb telluric infrared radiation participate in shaping the OLR
spectrum presented in Figure 18 of the atmosphere. The absorption of infrared radiation depends on the structure of
the molecule. Bi-atomic and symmetrical molecules (O2, N2, H2 ...) are very little absorbent in the far infrared range (4 to
40 μm, range of the terrestrial IR spectrum). Triatomic or non-symmetrical molecules (H 2O, CO2, CH4, CO ...) are much
more absorbent. For a gas to play a role, it must have absorption (and therefore re-emission) properties in the thermal
infrared emission domain between 4 μm and 40 μm which corresponds to the emission spectrum of  a blackbody
around 260 to 280K, to which the Earth is  roughly assimilated. Within this  spectral  range some molecules absorb
infrared  photons  in  their  ground  states,  which  cause the  individual  atoms to  vibrate  with  respect  to  each  other,
sometimes in a variety of different modes. Diatomic molecules like N2 and O2 do not have this vibration capacity and
therefore do not absorb radiation in the infrared wavelength range. A responsive molecule to IR radiations has discrete
or quantified energy levels which are associated with states of molecular movement: state of vibration, rotation or
electronic configuration corresponding respectively to increasing energy levels. In the infrared wavelength range, the

83 Analogy already refuted by Wood (1909), «It appeared much more probable that the part played by the glass was the prevention
of the escape of the warm air heated by the ground within the enclosure» also see (Miatello, 2012). Consider also (Lee, 1973),
comment by Berry (1974) and response by Lee (1974).

84 A radiative heat transfer between two bodies A and B is the net balance of what is emitted by A and absorbed by B minus what is
emitted by B and absorbed by A; indeed any body which absorbs radiation radiates at its own temperature. Trace gases absorb
radiation from the surface and radiate at their temperature which, at altitude, is usually lower than that of the earth's surface;
they can in no way "warm" the surface: see the second principle of thermodynamics, which prohibits the spontaneous transfer of
heat from a colder to a warmer body.

85 Veyres (2020) reminds that SBL does not apply to gases which are not black bodies and that the correct calculation of the fluxes
of thermal infrared radiation amounts to summing over the entire height of the air a function k (ν, P, T) π B (ν, T) weighted by a
function  exponential-integral  2  E2 (τ)  where  τ is  the optical  thickness  between the  source  and the  observation  point.  The
radiation of a uniform temperature trace gas can be estimated by an expression in ε σ T4 with a "blackness coefficient" denoted
epsilon (ε) for which Hoyt C. Hottel gave convenient abacuses, but these methods are not valid if the gas (i.e. air) is at a variable
temperature for example with altitude.
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absorption of radiation is much less energetic than in the visible or the ultraviolet and the energy transitions are made
between the fundamental level and the vibrational levels of the molecules (rotation around imaginary axes).86

As  we  have seen Figure  13,  except  in  the  «atmospheric  window» where  the optical  thickness  is  around 0.5,  the
atmosphere is almost completely opaque to infrared radiations, thanks to existing triatomic trace gases, H 2O and CO2

accounting for more than 99% of the spectral response. The main active trace gas in thermal infrared is water vapor
which provides 90% of the radiation from the air to the cosmos and 99% or 98% of the absorption by the air of the
radiation from the surface. Carbon dioxide makes ninety thousandths of the molecules in the air, or 2% of the number
of water vapor molecules which make up about 2% of the molecules in the air (highly variable from the equator to the
poles). The atmospheric response to an increase of these trace gas has been approximated by many by a logarithmic
expression.

Myhre et al. (1998) used three radiative transfer schemes to compute the increase in IR heat flux density (Long-wave
Radiation), ΔF (in Watts/m2) which they call the “radiative forcing87”, when CO2 concentration increases from C0 to C in
ppm and obtained the following relation:  ΔF = 5.35 ln (C/C0) in W m-2 (Myhre et al. (1998); Table 3, p. 2718) which
shows the natural logarithmic response to an increase of the trace gas CO 2. One should notice that this evaluation was
already a downwards revision «Three radiative transfer models are used. The radiative forcing due to  CO2, including
shortwave absorption, is 15% lower than the previous IPCC estimate» (Myhre et al., 1998). But most importantly, all
relationships and values for the coefficients are based on models, computer calculations «This work presents new
calculations of radiative forcing due to the most important WMGG88, using a consistent set of models and assumptions.
Three radiative transfer schemes are used, a line-by-line (LBL) model, a narrow-band model (NBM) and a broad band
model (BBM)». Surprisingly enough, 19 occurrences of the word CO2 is found, whereas none for H2O, water vapor must
not exists or must have no impact in the modeling performed by Myhre et al. (1998)! Furthermore, humidity (profiles?)
(if) used in the models is (are) unknown (no occurrence of the word) and «clouds» are mentioned 3 times «For CH4,
N20, CFC-11, and CFC-12 clouds reduce the forcing by 5-7% more in the BBM than in the NBM. The high clouds in the
BBM are more black than those in the NBM and therefore have a greater effect on the forcing. CO2 is less affected by
clouds than the other WMGG [Myhre and Stordal,  1997]» and lead to «adjustments» in the Tables «Global-Mean
Adjusted Cloudy Sky Radiative Forcing», when nothing is known of the modeling of the clouds and of how they are
taken into consideration and of how the adjustments are made. Such a «model» already shows significant uncertainties
and it hardly seems reasonable to use it in order to decide major disruptive economic policies, that would designate
CO2 as the enemy.

It is also the comparison of these 3 radiative transfer models that allowed Myhre et al. (1998) to propose an expression
of  the  radiative  forcing  ΔF  in  5.35  (W/m²)  ln  (C/C0)  where  C  is  the  partial  pressure  of  «greenhouse  gas»  after
anthropogenic  disturbance  in  ppm and  C0 the  pre-industrial  value,  see  e.g.  Ellis  (2013)  for  how to  obtain  these
equations:
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The induced warming is:
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Most IPCC authors use these formula to calculate what they consider would be the response of the Earth system to a
instantaneous doubling of [CO2], which is very straightforward though highly irrelevant (as will be detailed later) and
using (92) they have ΔT = 1.66 ln (2) = 1.66 * 0.693 = 1.15 °C and ΔF = 3.71 W/m 2.  As this  does not  sound very
impressive,  they immediately  invoke the Clausius-Clapeyron Equation to evaluate what they call  “the water vapor
positive feedback”, following somehow a similar logic as what lead to Equation (90). To better understand how these
equations are obtained, e.g. Ellis (2013), let's detail how they are derived from Stefan-Boltzmann law, then will be listed
some problems that arise and why their usage is inappropriate or worse even meaningless.

86 Even though the focus is on IR, one should not forget is that it is stratospheric  O3 which protects us from the incident and
dangerous UV, that O3 is naturally generated by the exposition of O2 to UVs in the, and that with just 10-1 % of the atmosphere
made of O3, Earth gets a very decent protection (even down to 10-2%). It has been demonstrated that with atm=1b and just 2%
O2, and even down to a tenth of that) conditions would be OK with respect to UV exposition as enough O3 would be produced.

87 defined by IPCC as a change in net (down minus up) radiant-energy flux at the tropopause in response to a perturbation.
88 WMGG, i.e. Well Mixed Greenhouse Gases for Myhre et al. (1998)
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The effective emission temperature is calculated by assuming that the rate of the Earth’s energy absorption equals the
rate of emission, (with the solar constant, S = 1366 W/m2 and the planetary albedo, αp = 0.3244) thus:

AM �����N ���	� � �- ) 	
	  (85)

Stefan-Boltzmann law for the Earth as a black body89 gives:

# �- ) 	  (86)

Where: F is the flux density emitted in W/m2, σ is the Stefan-Boltzmann constant, and T is the absolute temperature.
Then a strange notion is defined, the effective emission temperature (Te), which is the temperature the Earth would
have without an atmosphere just taking into account its reflectivity and its distance from the sun, thus:
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As from (85) we get:
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Now they define Ts, the surface air temperature and Fg->a (ground to atmosphere) is the upward flux density (heat)
radiated from the surface σ Ts

4 then they calculate the vertical opacity (optical thickness) of the atmosphere τ g using a
relation derived from the general heat transfer equation and given by (Chamberlain, 1978) p. 11:
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Using (87) to replace Te4 one gets:
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Replacing Fe by its value obtained in (88) :
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Calculating Fs the flux from the ground to the air Fg->a :
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We now differentiate F with respect to τ :
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The formula given by Lenton (2000) p. 1169, Eq. (13) is used to compute Δτ :
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����  where CO2 is in ppmv (94)

Equation (94) is of the form:

�����  where a and b are constants and C the [CO2] (95)

The initial conditions are given by:

� 
��� 

� (96)

Observing that Δτ = τ - τ0 therefore τ = Δτ - τ0 and dividing (95) by (96) and taking the natural logarithm of both sides one
gets:
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now taking the exponential:
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Thus:
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89 The Earth as an IR source can be considered as a “Black Body”, certainly not the atmosphere where the temperature changes as
per the gravitional lapse rate. Many problems will arise from this wrong assumption used for the atmosphere.
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And finally:
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Therefore as :
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with:
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where
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therefore with fa = 0.6:
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As the identity applies ex ≈ 1 + x for x < 1 thus with
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Then:
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As:
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Then:
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Furthermore, as indicated by Ellis (2013) “due to a small correction that reduces ΔF by 0.06 w m -2 (absorption of high
frequency solar radiation)” one gets Myhre et al. (1998) relation (83) :
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Let's now see how Equation (84) can be established. The following hypotheses are made by the AGW supporters: they
assume that the atmosphere behaves as a Grey body (but using SBL they also assume they can perform computations
only applying for a Black body). The “Grey atmosphere” assumption entails that it is transparent to visible radiation and
heating only occurs at the Earth’s surface (but as 19% of the incident sunlight is already absorbed by the atmosphere
and the clouds,  we start  with bold assumptions).  Furthermore,  they consider that  there is  no convection (!),  that
scattering can be neglected (!), that the atmosphere is in a radiative and thermodynamic equilibrium (!) and that in a
localized atmospheric volume below 40 km it is considered to be isotropic (emission is non-directional) with a uniform
temperature (!), and as if not enough with unrealistic hypotheses, state that the emissivity equals absorptivity, probably
to make Kirchhoff’s  Law90 applicable.  The Grey atmosphere is  also based on the simplification that  the absorption
coefficient αν of matter within the atmosphere is constant for all frequencies of incident radiation and therefore has no
dependence on frequency (obviously false). Not sure that it makes sense after all these non satisfied assumptions 91 to

90 Kirchhoff's law of thermal radiation states that any material body capable of absorbing a radiation is, itself, a radiation emitter, at
the same wavelengths,  but  requires that  the material  body be in thermodynamic  equilibrium, including radiative exchange
equilibrium.  Kirchhoff's  law states that: for a body of any arbitrary material emitting and absorbing thermal electromagnetic
radiation at every wavelength in thermodynamic equilibrium, the ratio of its emissive power to its dimensionless coefficient of
absorption is equal to a universal function only of radiative wavelength and temperature. That universal function describes the
perfect black-body emissive power.

91 Considering the lifetime of the excited states of CO2, and for the lower part of the atmosphere, Geuskens (2019) explains "the
deactivation of CO2 molecules will not be done with emission of radiation. The reason is that at pressures close to an atmosphere,
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go any further, but for sake of completeness and not conviction it will be shown how (84) is obtained. We will restart
from Equations (87) and (88). The Earth surface as a black body radiates upwards and the fraction of that upward flux of
IR  radiation  (heat)  that  is  captured  by  the  atmosphere,  will  be  referred  to  as  ϕu (simplified  to  ϕ in  the  coming
equations) and applying Kirchhoff's law will be equal to the flux emitted by the atmosphere (the coefficient used in the
literature will often be ϵ – sort of a flux-weighted "emissivity"92).

So, of the upward flux emitted by the surface (87) the atmosphere absorbs Fabs:
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The radiation absorbed in the upper atmosphere at temperature Ta is re-emitted equally in all directions, half upward
and half downward (the flux density at the TOA is given Equation (125)). Hence
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As we wish to create a relation that will link ΔT to ΔF we will establish a relation between Ts and F by means of:
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Now we will calculate each of the terms dTs / dτ; dτ / dϕ and dϕ / dF, let's start from Equation (89) and derive:
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Taking the derivative of (113) with respect to τg, one gets:
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Thus:
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Then:
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Inverting (89) one gets:
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Which gives:
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Now replacing Te given by (118) in Equation (116) one gets:
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fluorescence  could  compete  with collision  deactivation  only  for  very short-lived excited states  (10-9  to 10-7 s)  which  could
deactivate by fluorescence before a sufficient number of collisions with the surrounding molecules occur. However, the lifetime of
the lowest excited state of CO2 being 0.64 s, millions of collisions will occur before the emission of radiation can take place. The
hypothesis of the greenhouse effect is therefore without theoretical foundation".

92 One should notice that the thermal emission that arises from the solar corona, certainly comes from gases but looks nothing like
blackbody radiation. Therefore, ϵ is basically a fudge factor that means the total power emitted is corrected for the fact your gas
is not a blackbody. But ϵ is not an intrinsic property of the gas - it depends on composition, pressure, density and geometry. In
such cases, it is also not at all  a given that ϵ is temperature independent(!) because the amount of emission from a gas does not
necessarily depend on T4.
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Finally with A defined Equation (103) :
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Let's now calculate dτ / dϕ starting with:
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Thus:
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Then finally dτ / dϕ:
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We now need  dϕ / dF. The AGW theory makes the highly debatable hypothesis that the radiation absorbed in the
upper atmosphere at temperature Ta is re-emitted equally in all directions, half upward and half downward. Hence:
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The flux density out of the top of the atmosphere (TOA), (sum of the part absorbed and re-emitted half upward and half
downward ϕ σ Ta4 and of the part emitted by the surface and not absorbed (1-ϕ) σ Ts

4) is given by:
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From (125) we can deduce what we need, i.e.  dϕ / dF:

�# �� F -
) �

	

�
�G ���

- ) �
	 ��F �G �F

�#
� �

- ) �
	  (126)

We now have all we need to compute Equation (112).
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From Equation (91) we derive that:
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We finally get what we need for Equation (127):
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Therefore we have established Equation (84) ΔT = 0.31 ΔF and by substituting  ΔF by its value given by Equation (83):
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Thus (130) also gives ΔT= 1.66 ln (C/C0) as per Equation (84).

So now that  we have established the basic equations of the AGW theory (most of them completely unrealistic  as
related to a Black body and Grey atmosphere that do not exist), let's see how after calculating the T increase due to a
fantasy immediate doubling we are now going to quadruple down with the invoked “positive feedback” of water vapor.
The increased surface temperature  from the instant  doubling of  CO2 content  (!)  allows an increased water  vapor
content  by  maintaining  a  constant  relative  humidity  and  increases  the  optical  thickness,  this  additional  opacity
increases the overall absorption by water vapor itself raising the surface temperature further, this is referred to here as
the disingenuous scenario. The opacity of water vapor is a function of the water vapor partial pressure (P) and is given
by Lenton (2000) as τ = 0.0126 P0.503 .

78



Elementary derivation of (un)'=n un-1 u' gives by differentiation:
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The water vapor partial pressure is a function of temperature and relative humidity and the formula given by Lenton
(2000) p. 1169, Eq. (13) already mentioned is reproduced (though I do not see the need of the external parenthesis?) :
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Where: R = 8.3145 Jmol-1K-1, molar gas constant ;
L = 43655 Jmol-1, latent heat per mole of water ;
P0 = 1.4 x 1011 Pa, water vapor saturation constant ;
H = 0.77, global average relative humidity.

Using Equation (132) and T = 288.15°K we obtain P0 = 1315.86 Pa. The extra water vapor contained by the warmer
atmosphere  raises  the  partial  pressure.  If  P1  and  P2  are  the  partial  pressures  at  two  temperatures  T1  and  T2
respectively, Equation (132) takes the form:
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Using Equation (133) let’s calculate the increase in partial pressure when the temperature increases from 288.15°K to
289.35°K, we get: P2 = 1419.15 Pa and for P1 = 1315.86 Pa , we get a ΔP = 103.30 Pa. Using Equation (131) one gets:
Δτ=0.01844. From Equations (92) and (120) and after having calculated A=1.6837 and τg = 0.9116 one gets:
ΔT = 32.09 Δτ = 0.5917°C. This further increase in surface temperature will cause another cycle of water vapor feedback
and so on and Ellis (2013) states “temperature converges to 290.54°K after 12 cycles of the water vapor feedback loop”. 

This is how the disaster fable is constructed, piling up mistaken physics based on unrealistic assumptions and inexistent
“Grey atmosphere”, doubling down on an immediate massive increase of CO 2 leading overnight to 800 ppm (!) for a
mere 1.2°C and quadrupling down with instantaneous “positive feedback” that hardly nudge up the figure by 2.39°C, all
together leading to a frightening 3.59°C, that... will never happen. Let's come to our senses now and let's see why we
have played the game of the flawed exercise of the college Physics course.

Retrieving these equations is important as they are constantly reminded by the AGW supporters as the basis of the
theory. The problem with them is that they do not even make a decent exercise for a physics textbook for college
students.  They  are  built  on  flawed  assumptions,  absurd  limit  conditions  and  completely  neglect  all  biological,
geochemical  and  geophysical  phenomenons  at  play.  Normally,  a  college  exercise  is  a  simplification  of  a  complex
problem such that it can be understood and calculated in a rather straightforward manner without distorting the very
essence of the subject and would in the end contribute to enlighten the student to the complexity of the matter. None
of  these  requirements  are  met  as  the  atmosphere  does  not  satisfy  the  black  body  assumption  (above  all,  the
atmosphere is not homogeneous, especially for water!) on which most of the reasoning depends and that would enable
the use of Stefan-Boltzmann law, it does not satisfy none of the “Grey atmosphere” criterion either, the overnight
doubling is preposterous and does not correspond to any logical physical processes and does not permit any useful
simplification that would enable to better approach the problem, and the immediate response to a doubling by the
“positive-feedback” of water vapor following Clausius-Clapeyron law quadruples down on stupid assumptions, that will
never be met and does not present even educative virtues. It is a castle of cards built on a set of small equations
supposed  to  strengthen  the  confidence  of  naive  readers  in  badly  modeled  and  absurdly  represented  real
phenomenons. The AGW proponents will tell you that this sand castle should not be discussed, that science is settled
and that the “greenhouse effect” is well understood. Once you carefully vet how these equations are established, the
only thing which appears clearly is that they bear no resemblance to reality for many reasons:

� The first spurious choice is to derive these equations from the Stefan-Boltzmann's formula in σT 4, as it is only
valid for a black body and certainly not for a gas, so only a small part of the reasoning developed to obtain the
classical relationships by Myhre et al. (1998) holds, and e.g. Equation (83) makes more sense than (84) for the
simple reason that the derivation of the first is mostly based on the radiation emitted by the surface which
behaves somehow as a blackbody (even though 102 is debatable) whereas the second resorts to modeling the
emission of the gas at various heights as if a blackbody relationship in σT 4 would hold in that case which is not
true. The absorption spectrum of the gas, as shown in Figures  13,  15,  16, must be taken into account: for
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example, at Earth's air temperatures, CO2 only radiates significantly between the optical frequencies 595 cm-1

and  740  cm-1,  where  its  optical  thickness  is  at  least  2,  and  not  over  the  entire  useful  spectrum at  the
temperatures in question (100 cm-1 to 2500 cm-1). Figures 13, 15, 16, show that CO2 is superimposed on water
vapor  acting  first  over  almost  the  entire  spectrum up to  around  770  cm -1.  Water  vapor,  whose  content
decreases very rapidly with temperature, is concentrated in the lower layers (80% below 700 mbar at about 3
km), whereas CO2 is in uniform proportion over the entire height of the air (70% above 700 mbar). This is why
CO2 contributes only 1% to 2% to the absorption of radiation from the surface by the air, whereas water vapor
provides 98% of this absorption: the bulk of the CO2 at altitude only sees the little that has escaped absorption
by water vapor from the lower layers and by low clouds93;

� The  second  major  problem  is  to  postulate  that  it  would  make  sense  to  compute  the  reaction  of  the
atmosphere to an instantaneous doubling of the CO2 concentration as if we were in a laboratory experiment -
some authors even go as far as running computer models for an abrupt quadrupling as Manabe and Stouffer
(1980) or Block and Mauritsen (2013)! These are preposterous limit conditions, as not only a doubling might
never happen at all, but what is currently observed is an increase of sort of 2 ppm per year which furthermore
does not show any clear relationship with the anthropogenic emissions94 (see Figure 25) - the only statistical
meaningful correlation that can be demonstrated is  with the tropical oceanic temperature which drives the
degassing (see Figure 8) - and at this rate would take hundred of years for a doubling. To make things worse,
after a clueless doubling the water vapor is supposed to derail the climate by quadrupling down on nonsensical
hypotheses by having also an immediate and massive response. This is how from a first foolish hypothesis
delivering a mere 1.2°C temperature rise (Equation  84)  not frightening enough the minds,  scare mongers
quadruple down on stupidity with the immediate “positive feedback” to nudge things up to a bit more than
3°C.  Playing the game of stupid assumptions, i.e. an instantaneous doubling of [CO2] and immediate water
vapor feedback, the maximum that can be reasonably calculated is an increase of 0.48°C as obtained by the
reasoning  leading  to  Equation  (82)  p.63.  So  not  only  the  doubling  is  supposed  to  happen  overnight
overpowered by the immediate feedback, but the Earth system is not supposed to budge one iota to adapt to
any change, nothing is possible and none of the three major factors that have been listed at the end of the
previous section can apply in this disingenuous scenario. In fact and as reported there exists an automatic and
continuous adjustment of the layer of the tropopause where the water vapor radiates towards the universe
(TOA), an increase of the OLR entails, and the modeling of an albedo change as clouds adjust their response to
the climate system should be understood and taken into account. So far the only honest acknowledgment
made is that clouds are not at all properly taken into account, e.g. Ramanathan et al. (1989) state: “ The study
of climate and climate change is hindered by a lack of information on the effect of clouds on the radiation
balance of the earth, referred to as the cloud-radiative forcing. The size of the observed net cloud forcing is
about four times as large as the expected value of radiative forcing from a doubling of CO 2. The shortwave and
long-wave components of cloud forcing are about ten times as large as those for a CO 2 doubling. Hence, small
changes in the cloud-radiative forcing fields can play a significant role as a climate feedback mechanism.”, and
one should remember that as per Ramanathan et al. (1989),  clouds (forcing) have effects ten times larger
than a doubling of [CO2] !;

� The third condition taken for granted in Equation (83) and (84) is that there is only one reservoir, i.e. the
atmosphere, and that not only it does not exchange with the others but it is supposed to remain the only one
to store the man-made emissions. This is plain wrong, not only there is a fast circulation of any CO 2 molecule,
the residence time being of five years, but many reservoirs are involved at any time, the oceans, the soils, the
vegetation95 (in all forests, tropical, temperate and boreal together, approximately 31 percent of the carbon is

93 Furthermore, atmospheric pressure greatly affects the absorption spectra of CO2. This observation poses a major problem in
calculating  the  transfer  of  infrared  radiation  through  the  atmosphere  with  variations  in  pressure,  temperature  and  gas
abundance. At high altitudes and low pressures the absorption bands are very narrow and very intense while at high pressures
and low altitudes the bands are wider and less intense. But the thermal radiation from the edges of the CO2 absorption bands
then reaches Space directly without re-absorption by other molecules at high altitude and low pressure.

94 Since 1880, the only period of covariation between the Global Mean Temperature (GMT) and CO2 content was 1978-1997. From
1910 to 1940, GMT increased at the same rate as 1978-1997 when emissions were insignificant. From 1950 to 1978, when CO 2

emissions were soaring, the GMT decreased.
95 “Photosynthesis  increases with increasing CO2 following a Michaelis−Menton curve, and this effect grows stronger at higher

temperatures,  implying,  all  else being equal,  larger  effects  in  warmer climates  (9–11),  especially in  the tropics.  Theory and
experiments agree in suggesting a CO2driven net sink that should be roughly proportional to overall productivity (13) leading to a
large sink in the tropics, a prediction that should be testable with global observations. The CO 2 effect likely acts as a significant
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stored in the biomass and 69 percent in the soil). Furthermore, the amount of Dissolved Organic Carbon (DOC)
and Particulate Organic Compounds (POC) in the oceans that precipitate and the speed at which the process
happens is highly unconstrained and could reach several Gt-Cs and the amount of inorganic carbon that also
precipitate above the Carbonate Compensation Depths (CCD) is also rather unknown. All these uncertainties
are well reflected by the missing C of the IPCC carbon budget where the pundits keep wondering where their
CO2 has gone as they cannot even count their eggs.

Figure 25. Monthly global mean surface air temperature anomalies, December 1996 to July 2013 (Remote Sensing Systems, Inc.)96,
showing  no  trend over  16  years  and  8  months  (200  months),  notwithstanding  a  rising  trend  in  carbon  dioxide
concentrations (grey line and curve) from 362 to 398 ppm at a rate equivalent to 200  µatm century-1 (NOAA, 2013),
implying a radiative forcing of 0.47 W m-2 from carbon dioxide alone. From Legates et al. (2015). Another example is over
the period 1950-1970 temperature anomalies (HadCRUT4.4) fell while [CO2] steadily increased, this is referred to as the
“Big hiatus” (Fyfe et al., 2016).

So we have a fantasy tale, where physics laws are used in an inappropriate manner, with limit conditions that are not
probable but simply impossible and a perimeter of definition of the physical system studied that is absurd. This is where
we stand with respect  to this well  known green-house effect  that does not require any further discussion as it  is
supposed to be settled science. As said their calculations would not even make a decent college exercise as they totally
distort the reality of the phenomenons and do not contribute nor help to grasp the reality of the complex climate
drivers studied. The worse is that it is as good as it gets, given that when you consider the IPCC documents (IPCC, 2013)
it  simply becomes even worse and appalling as explained in the relevant section “IPCC and its Unlikely Physics of
Climate Change” p.342.

When qualms were raised by Bardinet and the climato-realists97 stressing the improper usage of SBL for example, they
got from Bréon98 the following answer “It is not the IPCC that applies it to gases; it is the entire scientific community
that is somewhat competent on these subjects and has been for several decades. The IPCC is merely a transcription of
what  is found in the scientific literature.  Stefan-Boltzmann's  law applies to any body that  absorbs  electromagnetic
radiation and therefore to absorbent gases”. What an incredible admission, and what a strange "scientific community"
that ignores elementary physics and shamelessly proclaims such nonsense. If you are a physicist and cannot believe it,
read it again!

negative feedback in today’s global carbon cycle, absorbing up to 30% of fossil fuel CO2 emissions” (Schimel et al., 2015)
96 Temperature data (T) on this graph have seemingly been revised by Mears and Wentz (2017) due to various corrections applied

since the graph was created by Legates et al. (2015). But, whatever the corrections be, there is simply no match between T and
the ever increasing emissions. Temperatures have gone up since the end of LIA, long before the emissions became significant, in
a rather chaotic manner (e.g. with the "big hiatus" 1950-1976 with no increase at all) whereas emissions have followed the -
exponential - population increase ! See Fig 1. of Hansen et al. (2013b) or Fig 1. of Hansen et al. (2014) for the period [1880-2014].

97 https://www.climato-realistes.fr/ 
98 https://www.researchgate.net/profile/Francois-Marie_Breon 
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The herd mentality as a justification for an improper usage of physics' laws seems rooted in some human behavior as
reminded to us by Freeman Dyson «When I was in high-school in England in the 1930s, we learned that continents had
been drifting according to the evidence collected by Wegener. It was a great mystery to understand how this happened,
but not much doubt that it happened. So it came as a surprise to me later to learn that there had been a consensus
against Wegener. If there was a consensus, it was among a small group of experts rather than among the broader
public.  I  think that the situation today with global  warming is similar.  Among my friends,  I  do not find much of a
consensus. Most of us are skeptical and do not pretend to be experts. My impression is that the experts are deluded
because they have been studying the details of climate models for 30 years and they come to believe the models are
real. After 30 years they lose the ability to think outside the models . And it is normal for experts in a narrow area to
think alike and develop a settled dogma.  The dogma is sometimes right and sometimes wrong. In astronomy this
happens all the time, and it is great fun to see new observations that prove the old dogmas wrong».

As reminded by Veyres (2020) «Since radiative forcing is, by definition, neither observable nor measurable, people rely
on computer simulations and take the average of the results of different computer programs, obviously all questionable.
Radiative forcing is a calculation made in a virtual world, so virtual that it was arbitrarily increased by 50% by the IPCC
between the 2007 report and the 2013 report without anything having changed much in six years». You feel reassured?

Veyres (2020c) gives details of the more accurate calculation of radiative fluxes and radiative cooling of air in diffuse
radiation than was improperly obtained by the inappropriate usage of Stefan-Boltzmann law “The descending radiative
flux from the top of the air (optical thickness τ=0) to the altitude point y where the optical thickness counted from the
top of the air is τ(ν, y) and the ascending flux from the surface where τ(ν, 0)= τ max(ν) are, if there are no clouds or
diffusing aerosols, expressed by simple formulae with respect to the optical thickness variable τ : these formulae express
the sum over all the layers of the air of the radiation of a layer multiplied by the attenuation between this layer and the
observation point here noted y”. The optical thickness also referred to as the optical  depth of the atmosphere is the
correct parameter upon which should depend all calculations of diffuse radiative fluxes in an absorbent and scattering
medium like the air (Chandrasekhar, 1947, 1948a-b, 1950; Chandrasekhar and Breen, 1948; King, 1956; Goody, 1964;
Kondratyev, 1969; Goody and Yung, 1995; Harries et al., 2008).

Any body that absorbs radiation at a frequency radiates at that frequency but at its own temperature, so does a gas.
The descending flux is the sum of the downward flow from the top of the air (τ=0) to the observation point τ(ν,y) and is
given by �descending:
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And the ascending flux (see also Wijngaarden van and Happer (2020) Eq. 31 p. 10), sum of the upward flow as of the
surface, where τ(ν, 0)= τmax(ν), is given by  ���������	:

F���	����<�R . ���M �
� �R . ��

� ���

7 �R .) � ���� S����� � �����  (135)

And the flux emitted by the surface99  ��
�����:
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and again the ascending flux by:
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where E2 and E3 are special functions called exponential integral100 e.g. (Goody and Yung, 1995, Appendix 6, p. 475;
Tjemkes, 1988), and B(ν, T) the function of Planck at the optical frequency ν and temperature T, e.g. (Goody and Yung,

99 A more complete form of (136) is given by Goody and Yung (1995) Equation (2.107) p. 50
100For diffuse radiation coming from all directions, the transmission is 2 E3(τ) where E3(τ) is a special function called exponential-

integral of index three. 2 E3(τ) is approximated by E3 ≈ exp(-τ) / (1 + 0.676 τ0.886). The absorption 1-2 E3(τ) is 50%, 80%, 94% and
98.2% respectively for τ=0.42, 1.07, 2 and 3. The optical thickness τ depends of course on the optical frequency ν (or wavelength)
and will be noted τ(ν). E2 is given by E2 ≈ exp(-τ) / (1 + 1.65 τ0.85). Note that for a pencil of radiation of frequency between ν and
ν+dν at altitude z, where the pencil makes an angle θ to the vertical with ς = sec θ, then E n(τ) = ∫1 ∞ dς ς−n e−ςτ (Wijngaarden van
and Happer, 2020) Eq. 32 p. 10.
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1995; Appendix 5, p.472). It remains to set T(τ) and therefore τ as a function of pressure or altitude, with the previously
described polytropic expressions (e.g. Equations 78, 79, 80) giving e.g. T, P, ρ, V as a function of T and P.

If the air were isothermal (which is impossible in a gravitational field, but close enough where the air is quite opaque) it
would  thus  absorb the quantity  (1  -  2  E3(τmax))  π  B(Tsurface)  from the radiation  of  the surface  and,  at  each optical
frequency, would radiate towards the surface exactly the same:
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since by hypothesis T(τ)= Tsurface.
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Let's note by convention the two quantities Q and U, with τtrace the optical thickness for a trace gas:
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Then the absorption coefficient is for a trace gas:
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Hence:
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The radiative air heating for a layer of thickness dz is:
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or expressed in K/ (24 hours)/cm-1:
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Veyres (2020c)  states  that  “these  formulas  are  calculated explicitly  following Chandrasekhar,  by  some very  simple
expressions, variants of the Gauss formula for the numerical calculation of integrals”:
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with division points ti and Christoffel101 numbers ai expressed as a function of the total optical thickness τ by:
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This manner of computing the radiative fluxes as described by Veyres (2020c) is certainly a lot more accurate than what
was seen before by using SBL, though one will note that one of the remaining assumptions was “ if there are no clouds
or diffusing aerosols”. This of course reminds that this more rigorous calculation only applies to clear skies and that just
a few tens of microns of water, be it  in clouds or scattered in the atmosphere, will  completely stop the radiative

101https://en.wikipedia.org/wiki/Christoffel_symbols 

83

https://en.wikipedia.org/wiki/Christoffel_symbols


transfer  process,  reaching  optical  depths  far  greater  than  one.  One  may  conclude  that  a  complete  formal
representation of Mother Nature remains somehow beyond our limited formalization and calculation means if all
phenomenons  at  all  scales  (spatial)  and  timespan  have  to  be  taken  into  account .  The  atmosphere  is  not  a
homogeneous medium, especially for H2O (neither in time nor in space)! Maurin102 states “Between the air column
above the Atacama and the air column above the island of Java it is unrealistic to take an average for the average H 2O
content. We can, indeed, always approximate by a calculation with an average optical thickness, for an average H2O
content, but in my opinion, the problem of the real atmosphere remains inextricable”.

In the reference book “Atmospheric radiation: Theoretical basis”, Goody and Yung (1989) p. 52 state “The intricacies of
atmospheric radiation calculations, taken together with the ready availability of large digital computers, have led to an
emphasis upon the development of numerical radiation algorithms. These algorithms can be coupled to algorithms for
hydrodynamic processes and interactions may be handled by iteration. If  the end result  is to couple algorithms for
scattering and radiative heating with algorithms for atmospheric and ocean dynamics, serious questions may arise as to
the significance of the results.  Recent history has demonstrated that such complex numerical calculations may be
flawed; they may yield unphysical results and equally competent investigators can disagree. An outsider can make no
judgment.  Even if  complete  documentation  were  available,  it  would  be  impractical  to  check  on  the  results,  and
documentation is often missing”. Politicians are deluded by the “experts” that ensure them that they can trust their
computer models and on the basis of such systems commit to enforce legislation that will damage economies and the
standard of living of hundred of millions if not billions of individuals. These “experts” ignore the fact that most judicial
systems  condemn  such  behaviors,  i.e.  intentional  deception,  as  criminal  offenses  on  the  basis  of  at  least  two
fundamental  principles:  “fraus  omnia  corrumpit”  see  e.g.  Lenaerts  (2013)  and  “nemo  auditur  propriam  suam
turpitudinem allegans”.

When you ask supporters of the AGW theory how the arbitrary respective contributions of the various «GHGs» are
determined in their papers, e.g. 60% H2O, 25% CO2 as in Dufresne and Treiner (2011), you get an (courteous) answer
like103 “The greenhouse effect is quantified by the difference between the flux emitted by the surface and the flow which
escapes at the top of the atmosphere towards space. Currently these two quantities are well measured by radiometers
and well calculated by radiative models. To estimate the contribution of the different gases to the greenhouse effect, we
redo these flow calculations by removing one by one the different gases that make up the atmosphere. The difference
between the greenhouse effect that is obtained when this gas is present and when this gas is absent makes it possible
to estimate the contribution of this gas to the greenhouse effect”. One can wonder from this answer, how supposedly
well measured quantities (by radiometers) are mixed-up with computer simulations (i.e. programs that mainly remain
black boxes) in order to «redo» the world by «removing» one or the other of the gases to finally deliver the guesstimate
numbers proposed.

Water vapor is by far the main Infra-Red Absorbing gas (IRAG), we will not talk often of «Green House Gases» in this
document (unless proper reference to an author requires it) given the confusing nature of the «concept» as seen in the
section above. But it seems that for most AGW authors it is not important nor sometimes even worth mentioning it, i.e.
0 – zero – occurrence of  for the words H2O, water vapor, or humidity in (Myhre et al.,  1998). However  water vapor
ensures 90% of the absorption by the air of the radiation of the surface and more than 85% of the radiation of the air
towards the cosmos; "climatic" changes are first of all changes in the vertical and spatial distribution of water vapor
which is the main engine and regulator of the weather. It is water vapor which transfers heat from the tropics to high
latitudes; its evaporation increases strongly with temperature (at + 7% /°C or +6 to +12 W/m 2/°C depending on whether
the evaporation is 100 W/m2 or 200 W/m2 and so thermostats the surfaces of seas or areas of tropical vegetation.
Veyres (2020) adds “Its condensation gives off heat and feeds the radiation from the globe (from the "top" of water
vapor) to the cosmos in particular at high and medium latitudes: for example in Paris in January the globe receives on
average 110 W/m2 from the sun (before effect of clouds and albedo and 45 W/m2 on the surface but radiates 220 W/m2

towards the cosmos: the difference is mainly made by water vapor”.

Furthermore, current changes arising from the measurements are small and for example Hansen and Lebedeff (1987)
analyze surface air temperature data from available meteorological stations with principal focus on the period 1880-
1985. The results indicate a global warming of about [0.5°-0.7°C] in the past century, with warming of similar magnitude
in both hemisphere. A strong warming trend between 1965 and 1980 raised the global mean temperature in 1980 and
1981 to the highest level in the period of instrumental records. The warm period in recent years differs qualitatively

102Personal communication December 10, 2020.
103Personal email communication from Dufresne, May 19 2020.
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from the earlier warm period centered about 1940; the earlier warming was focused at high northern latitudes, while
the recent warming is more global. There is absolutely no reason why such very small changes may not be the result of
natural processes (Luterbacher et al., 2002a), nature has demonstrated that it can trigger big changes, like the the
«green Sahara» and many other major climate change over short periods of time without requiring any help from
mankind. The only thing that studies like Marvel (2016) demonstrate is that they are just computer models delivering
TCR and ECS values that may change chiefly depending on the way the programs operate and values they use and that
“many observational data sets have been used to constrain these values, including temperature trends over the recent
past, inferences from palaeoclimate and process-based constraints from the modern satellite era. However, as the IPCC
recently reported, different classes of observational constraints produce somewhat incongruent ranges”. 

One should note that lower values of the climate sensitivity are provided, e.g. by Lewis, and Curry (2018), but also by
the following authors for values under 0.6°C (Abbot and Marohasy, 2017; Harde, 2014, 2017a; Kissin, 2015; Lindzen and
Choi, 2009, 2010; Ollila, 2017b), but even for values lower than 0.4°C by (Soon et al., 2015; Smirnov, 2018). Of course,
using lower climate sensitivity such as  0.6°C by the authors above, Equation  84 changes (Gervais, 2018 p. 111) and
delivers smaller values of ΔT:
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And thus Equation 83, in that case becomes:
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And for a doubling of CO2:
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Two questions often asked can now be addressed, 1) how much warming can be anticipated if the current 2ppm yearly
increase is observed until 2100 and 2) how much of the current warming since 1900 can be attributed to the increase of
the [CO2]. By differentiating the SBL given by Equation 86, one immediately gets :
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Using Equation  153, is an easy way to make simple projections based on rough elementary calculations for various
climate sensitivities, using different ΔF values, given for example by Equation 83, or for a lower climate sensitivity by
Equation 151. As we have seen in p. 74, for the high sensitivity of Myhre et al. (1998) one gets for a doubling ΔF = 3.71
W/m2, thus ΔT = 1.66 ln (2) = 1.66 * 0.693 = 1.15 °C.

This can of course be computed as well using Equation 153, and we have: ΔT = 288/4 x 3.71 / 240 = 1.11 °C (with the
OLR=240 W/m2).  Therefore, the answer to question 1) is  computed for a sensitivity given by Equation  151,  in  the
following way: ΔT = 288/4 x ln ( (410 ppm + 80 x 2 ppm) / 410 ppm) x 3.12 / 240) = 0.308 °C. This supposes that the
average yearly increase in ppm remains approximately 2ppm for the next 80 year. Furthermore, this increase is largely
natural as shown in Figure 8, as the yearly increase in ppm can be six times as high the warm El Niño years, e.g. 1998,
2016, than during cold years, e.g. (1992, Pinatubo's aerosols; 2011, La Niña), this without any relationship with the
man-made emissions, which only vary slightly from one year to the next with a small increment. Furthermore these
ppm increases follow the temperature with a 6 to 11 months lag indicating that bursts of up to more than 3ppm come
from the degassing of the tropical oceans during warm years104. Without any other consideration that could provide for
negative feedbacks (e.g. solar activity could decrease, bouts of volcanism could happen, albedo could increase due to
the geomagnetic response to solar cycles, etc.), the temperature increase up to 2100 would not even be 0.31°C. This
does not look as a threatening urgency.

Assessing how much of the observed warming since 1900 can be attributed to the CO2 increase can be done in a similar
way. Let's assume that [CO2] in 1900 was 310 ppm and 410 ppm in 2020, so we have as per Equation 83 according to
Myhre et  al.  (1998),  a  +1.53 W/m2 radiative  imbalance which  using the same climate sensitivity  would  represent
+0.475°C. But if we were to use lower climate sensitivities, say 0.6°C as per the average of Lindzen and Choi (2009;

104To hide this lagging relationship, where CO2 follows T and that is very visible on yearly graphs, the IPCC AR5 report has chosen to
average over 5 years the representation despite the insistent recommendation of an “expert reviewer” to do otherwise.
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2010) and Soon et al. (2015) we would have significantly lower values, i.e. 0.26°C. Even using the IPCC low value (of
their range) of 1°C would lower the result to 0.42°C. So that rather gives a range of values [0.26°C - 0.475°C] which we
may indicate as better representing the attribution made to CO2 of the warming observed since 1900

This change is over a total radiative budget at the Top of the Atmosphere of approximately 240 W/m 2, so depending on
whether one keeps a high sensitivity that delivers +1.53 W/m2 or a more reasonable one that gives 0.872 W/m2 the
supposed imbalance is within the range [0.36% - 0.64%]. The budget at TOA is not known to that accuracy and can
change for natural reasons of much more than that, changes of cloud cover and types, variation of the altitude at which
the water vapor radiates towards space, of the relative humidity of that 300 mbar layer, etc. Furthermore, the radiative
budget  just  represents  less  than  15% of  the total  heat  transfers,  as  being conservative  more than  85% are  of  a
thermodynamic nature, i.e. (evaporation, condensation, precipitation, advection, etc.).

Actually,  CO2 is  not  more  than  12.5%  of  the  radiative  budget,  the  rest  being  mainly  water  vapor  and  clouds.
Furthermore, the climate had been warming long before 1900 and the glaciers were melting at a frightening speed
starting in 1850. So, we cannot consider that the trend observed since 1900 at  0.006°C/year could not be mainly
attributed to the natural variability. In any case less than 30% of the warming, and more probably a lot less than that, is
due to the increase of CO2, but having said that, one must add that most of that increase of CO 2 came from the natural
out-gassing of the oceans occurring in a warmer environment and that a milder climate must be appreciated for a boon
as colder climates have always led to misery, starvation and sometimes the collapse of entire societies.

Once these numbers have been recalled to the reader, and the climate emergency is shown for what it is, a decoy to
pursue policies seeking an electoral advantage in the conquest of the green vote, developing computer programs to
perform climate simulations, refining them together with their underlying models (e.g. those modeling clouds the best
are not the same as those that are good at reproducing temperature variability) can still be legitimate as long as one
remembers that  they are not the reality.  They are simply an attempt to represent a far more complex system than
what they can achieve, in fact an intricate and still poorly known and under-measured Earth system. Coercive economic
policies having far reaching consequences for the well being and prosperity for the average citizen should not be based
on CACE computer programs (Changing Anything Changes Everything) which can be tuned at will to mimic some reality
but are in no way representative of THE reality.

Finally,  some authors, are extremely severe with this greenhouse mess and conclude like Kramm and Dlugi (2011)
"Based on our findings,  we conclude that 1) the so called atmospheric  greenhouse effect cannot be proven by the
statistical description of fortuitous weather events that took place in past climate periods, 2) the description by AMS
and WMO105 has to be discarded because of physical reasons, 3) energy-flux budgets for the Earth atmosphere system
do not provide tangible evidence that the atmospheric greenhouse effect does exist. Because of this lack of tangible
evidence it is time to acknowledge that the atmospheric greenhouse effect and especially its climatic impact are based
on meritless conjectures".

Stallinga (2020) also provides a very comprehensive analytical study of the greenhouse effect, not resorting to any
numerical simulation nor finite-element calculations. His conclusions are extremely clear and completely prohibitive
“Continuing with the reasoning, we find that the alleged greenhouse effect cannot explain the empirical data—orders of
magnitude are missing. There where Henry’s Law—outgassing of oceans—easily can explain all observed phenomena.
Moreover, the greenhouse hypothesis—as presented here—cannot explain the atmosphere on Mars, nor can it explain
the geological data, where no correlation between [CO2] and temperature is observed. Nor can it explain why a different
correlation is observed in contemporary data of the last 60 years compared to historical data (600 thousand years). We
thus reject  the  anthropogenic  global  warming (AGW) hypothesis,  both on basis  of  empirical  grounds  as  well  as  a
theoretical analysis”. Stallinga's (2020) paper is well worth it and highly recommended to any curious reader.

Another paper recommended to the reader is the last one written so far by Ferenc Miskolczi (2014), who earned an
M.Sc. degree in nuclear physics (1971), a Ph.D. degree in astrophysics (1975) and another Ph.D. in Earth Sciences (1981)
at the Hungarian Academy of Sciences and also holds a diploma in high-level computer programming. He specialized in
the experimental and theoretical aspects of infrared atmospheric radiative transfer for his entire carrier and in 2006 he
resigned from NASA in protest due to unresolved publication issues related to his AGW related results. Miskolczi (2014)
abstract reads as follows “This paper presents observed atmospheric thermal and humidity structures and global scale
simulations of the infrared absorption properties of the Earth's atmosphere. These data show that the global average

105American Meteorological Society (AMS) and the World Meteorological Organization (WMO) 
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clear sky greenhouse effect has remained unchanged with time. (...) The stability and natural fluctuations of the global
average surface temperature of the heterogeneous system are ultimately determined by the phase changes of water.
Many authors have proposed a greenhouse effect due to anthropogenic carbon dioxide emissions. The present analysis
shows that such an effect is impossible”. A brief introduction to Miskolczi's theory is  provided by Zágoni (2008).

As we are going to see now, water in all its forms is the main player and concur with Miskolczi that the global average
surface temperature of the Earth system is ultimately determined by the phase changes of water.
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Water,  in  its  various  forms (including ice  during  cooling episodes leading to  glaciations),  is  the main  surface and
troposphere player of the Earth's climate, the oceans ensuring the medium term storage and restitution of the energy
accumulated  and  water  vapor  taking  care  of  the everyday  immediate  balancing.  As  the air  is  opaque in  thermal
infrared, because of water vapor and as an opaque body does not transport heat by radiation, the surface cools by
evaporation of water (latent heat), as 71% of the surface of the globe are oceans, and 15% or more of the land with
strong evapo-transpiration by vegetation, some convection and advection (sensible heat); what radiates towards the
cosmos after having escaped absorption by the air or by the clouds makes, on average, only 20W/m² or 5% of the
radiation of the surface (we've seen that when discussing the OLR). The water vapor absorbs almost all the radiation
from the surface, the CO2 absorbs only 2% because 80% of the water vapor and the bulk of the low clouds, are located
in the first 300 mbar, i.e. below 3 km (see note22) and they make a very opaque screen, while the CO2 is distributed
almost uniformly over the entire height of the air and its role is therefore superseded in every respect by water vapor
which makes a much better screen to the infrared radiations (i.e.   owing to its  more efficient  and much broader
absorption spectrum and because of the uneven distribution and low lying position of water vapor in the atmosphere).

The radiation from the air to the cosmos at the TOA makes 90% or more of the radiation from the globe (220 W/m² on
240 W/m²); 90% of the radiation from the air to the cosmos comes from water vapor (200 W/m² on 220 W/m²), the
stratospheric CO2 and ozone radiate the rest. The radiation towards the cosmos comes from the last 300 grams of
water  vapor  under  the  tropopause106 where  the  temperature  of  the  air  is  linked  to  that  of  the  surface  by  the
temperature pressure relationship that was explained in a section before. As reminded by Veyres (2020) “The position
(altitude or pressure) of the layer which radiates towards the cosmos is regulated by the water vapor content of the top
of the air ("lower-warmer" effect leading to more radiation towards the cosmos); the regulation of the insolation is
done by the clouds, in a few hours. The fables of radiative forcing and of the greenhouse effect suppose by their very
definition a  virtual  world,  without  surface  evaporation,  where  the  regulating  effects  of  water  vapor  (evaporation,
advection,  condensation)  and convection are by  definition same "disengaged" or  do not  exist  (radiative models of
Manabe et al. (1964; 1967).”

Figure 26. Spectral dependence of the absorbency for three values of the water vapor content of the atmosphere, here expressed in
kg/m2.  The carbon dioxide curve is  reproduced for  comparison.  The wavelength  is  in microns  in abscissa X and the
absorption in Y. Since the concentration of water vapor varies greatly with altitude, we consider the integral of the mass
of water vapor on a vertical. The variation with latitude is also large: from 4 kg/m 2 at high latitudes to 45 kg/m2 near the
equator. The concentration of CO2 is on the contrary very little variable for altitudes below 50 km, and therefore the
integral of its mass along the vertical is directly proportional to its average concentration, quantity used here. Adapted
from Dufresne and Treiner (2011).

The  variations  of  the  cloud  cover  are  in  the  inter-tropical  zone  a  consequence  of  the  variations  of  the  surface
temperature (i.e. a higher temperature of the surface of the sea implies more convection and more clouds), but in the

106These H2O molecules were carried up there by thermodynamical processes, e.g. convection, advection, etc., which explains the
apparent contradiction that the atmosphere be both globally opaque to IR radiation and that at the same time the emissions
balancing the radiative budget take place at the TOA by molecules that have found their way up to the 300 mbar level (9km).
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extratropical zone, on the continents, the clouds cool the surface by absorbing the solar infrared and backscattering
part of the visible (more clouds, lower surface temperature); there indeed it is the progressive condensation of the
water vapor of the air which feeds the standardization of the radiation from the globe to the cosmos. Furthermore, as a
confirmation of what was explained above, as reminded by Dufresne and Treiner (2011) “detailed calculations of the
radiative exchanges show that the absorption by carbon dioxide of the infrared radiation emitted by the Earth increases
very little with its concentration (absorption of infrared radiation by carbon dioxide is  almost at  its  maximum and
depends  very  weakly  on  CO2 concentration).  It  is  said  to be  saturated.  From the experimental  point  of  view,  this
“saturation” effect of its spectral absorption had already been observed by Ångström (1900), which had led him, as we
have seen above, to question the first calculation on the role of the CO2 greenhouse effect published by Arrhenius (1896)
a few years earlier”. This is in fact very well visible on Figure 26.

One could even say that climate is made by the amount of rain received, month after month, by any region on Earth
and neither the AGW theory nor the associated Global Circulation Models (GCMs) are any good at making forecasts in
that  respect  (Koutsoyiannis,  2008).  The  spatial  and  temporal  regime  of  precipitation  is  a  consequence  of  the
organization of atmospheric circulation, the "purpose" of which is the transfer of water vapor from tropical areas to the
high latitudes where it condenses and feeds the radiation of the air to the cosmos in thermal infrared (OLR, Outgoing
Long-wave Radiation), so as to compensate exactly, "on average" over the whole globe and over a few weeks, the solar
flux absorbed by the globe.  The water vapor, which precipitates in rain or snow, often does not come from the place
where it rains; it comes from the sweeping by the trade winds of thousands of kilometers to the north and to the south:
these trade winds converge in the “equatorial chimney”; for the showers of the cold fronts of our latitudes, the water
vapor comes from thousands of kilometers to the southwest and it is transferred towards the northeast in the low
pressure corridor which precedes the Mobile Polar Anticyclones107 (MPAs) which move, them, towards the southeast.

Veyres (2020) concludes “that the stories of "radiative forcing by greenhouse gases" are nonsense and that it is the
water  vapor  content  of  the upper  troposphere  and not  a warming of  this  upper  troposphere  that  determines and
regulates the infrared thermal flux emitted by the globe to the cosmos. Let us remember once again that it is the
quantity of water vapor around 9 km which ensures in a few hours and a few days the regulation of the radiation from
the globe to the cosmos”. Furthermore, the regulating effect of water vapor has not been correctly estimated by any of
the models. Most of its effects arise because of its opacity in the long-wave spectral regions. The relative contributions
of H2O, CO2, and O3 to reducing the outgoing long-wave flux are very different, and the long-wave effect of H 2O is so
significantly larger than the effects of CO2 and O3 that it gives no chance to other gas to play a real role. Water vapor
leaves no chance to CO2 to play a significant role on a radiative perspective, but as it was mentioned the major impact
of water and water vapor on the climate are through sensible and latent heat transport. It is worthwhile in that respect
to recall the orders of magnitude of the stocks and fluxes to better grasp the situation. All data are expressed in Giga
tons of Carbon or of H2O (2018):
 
Giga tons of Carbon or H2O Oceans Soils and Vegetation Atmosphere

Stock H2O 1.335 . 109 12500-12900 GtH2O108

Flux yr-1 / evaporation -430000 -60000

Flux yr-1 / precipitations 380000 110000

Stock C 39000 2500 870

Flux yr-1 / degassing -90 -80 170 + Anthropogenic (10)

Flux yr-1 / absorption 80 95 175

Comparing the fluxes for H2O and CO2, are very telling and confirm that even without going into the details as was done
here to quantify the various physical and chemical phenomenons at play, there is simply no doubt as to which fluid is
mastering the distribution of heat on the planet and in charge of the climate. With a bit of humor and as climate is first
and foremost made of precipitations (Köppen, W., 1884a-b; Kottek et al., 2006), one should notice that it has never
rained CO2 when it falls 380,000 GtH2O yr-1. The Earth thermodynamical machine is sat on the water and water vapor
cycle  which  dwarfs  in  all  aspects  (not  even in  the radiative  domain  does it  leave any chance to CO 2 to  play any
meaningful role) all other circulating components. Let's provide a synthesis on a sketchy synthetic diagram.

107Or Mobile Polar High (MPH) see (Leroux, 1993).
108As per Trenberth and Guillemot (1994)
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Figure 27. A sketchy  global annual mean Earth’s energy budget expressed in PetaWatts (1015 Watts). SW radiations are represented
in yellow (λ < 4 µm), LW radiations are in Red (λ > 4 µm) and energy transported by thermodynamical processes is in Blue
(Sh= Sensible Heat, LH=Latent Heat). IR emissions toward space taking place at TL_TTT are figured in vaporous red. As
explained p. 60 the very thin red vaporous layer atop the ground shows that just 17 meters of air in tropical zone or 240
meters in temperate zone during winter (lower content of H20 vapor) are the thickness of the slice of atmosphere that will
stop 80% of the radiative emissions originating from the ground. After an exchange with J.-C. Maurin (2021).

Depending on the time of the year and the 11-year solar cycle, the actual power received from the Sun at TOA is
between 168 PW109 and 180 PW, an average of 174 PW is displayed on Figure 27. Of these, 52 PW are Reflected Solar
Fluxes (RSF), by the atmosphere (39 PW) and the ground (13 PW) and provide a mean albedo of 0.3. 89 PW (51%) are
absorbed by the Earth and 32 PW (19%) are scattered into the atmosphere (Oklahoma Climatological Survey, 2005).
The atmosphere being extremely opaque to the IR radiation, just 10 PW of IR can directly pass trough the atmospheric
window (8% of TOA emissions), and it has been known since Manabe in a series of papers (Manabe and Möller, 1961;
Manabe  and  Wetherald,  1967;  Manabe  and  Strickler,  1964)  that  the  heat  absorbed  by  CO2 molecules  and  then
dissipated by collisions to neighboring molecules (de-activation process from rovibrational 110 states) is  transported by
convection to the TOA. Thus the Earth operates essentially as a thermodynamic machine, by means of evaporation,
condensation and precipitation (Latent Heat), and  convection and advection (Sensible Heat, SH) for a total of 80 PW.
These 80 PW plus the 32 PW of scattered energy represent 112 PW that will be radiated to space as IR (97 PW + 15
PW), and adding the 10 PW of IR that go directly from the ground to the TOA through the atmospheric windows, this
completes the budget to 122 PW.

IR is mainly emitted toward space from the Thin Layer (TL) at the high Troposphere up To the Tropopause (TTT), see p.
56, i.e. the TL_TTT 300-100 mbar level, and water vapor and clouds represent at least 97 PW of the emissions (> 80%),
while CO2 and stratospheric O3 represent a maximum of 15 PW (< 12.5%). Overall, the 97PW from water vapor and
clouds, plus 15 PW from CO2 and O3, plus 10 PW escaping from the ground through the atmospheric window represent
overall 122 PW. Added to the 52 PW of the RSF one gets the 174 PW that balance the incoming solar flux. Worth
noticing in this Figure 27, is the place of mankind with urban areas using less than 1% of the total surface of the planet
and even more importantly with a total power produced and used of less than 0.02 PW!

109One PetaWatts = 1015 Watts

110https://en.wikipedia.org/wiki/Rotational%E2%80%93vibrational_spectroscopy 
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Once again, humanity keeps thinking that we have a major impact on the Earth system and such insane ideas as the
Anthropocene have been floated around, when all the energy we produce and use is less than 1/10,000 th of the energy
received from the Sun, i.e. 0.02PW!

Noteworthy to remind the reader though, that Figure 27 provides a very simplified global representation, knowing that
the mean net TOA radiation balance shows a surplus of up to 12 PW between 37S and 37N (50% of the earth' s surface
is located between 30S-30N and this half is three-quarters oceanic), and is strongly negative beyond 37S and 37N with a
deficit of -6PW on each side towards the poles. But as sketched by Figure 27 and as explained by Wilde and Mulholland
(2020) “the opacity of the atmosphere fundamentally controls the height of the radiant emission surface that vents
energy to space” that was referred to as the TL_TTT in p. 56, and furthermore these authors demonstrate that there is
no need for dubious atmospheric energy amplifier via radiative feed-back as conjectured by Trenberth et al. (2009) Fig.
1 p. 4, for which massive “backradiations” of 333 W/m2 are hypothesized that correspond to no empirical evidence and
no experimental measurements.

As reminded to me by Mulholland111 “In climate science, planetary cloud albedo is the primary control on the intensity
of insolation that enters into the atmospheric system. Clouds are the consequence of the presence of a condensing
volatile within the planetary atmosphere. Condensation of a volatile is due to the cooling of the air as it rises in a gravity
field by  convection,  and loses kinetic  energy  by  its  conversion  to potential  energy  during  the  process  of  adiabatic
expansion. On continuing to rise due to the release of latent heat of condensation, the convection cloud will ultimately
reach the  tropopause,  the coldest  level  of  the  troposphere.  In  the  upper  troposphere  it  is  the  temperature  of  the
tropopause that determines the place where the process of freezing finally occurs, and where the relevant condensing
volatile completely freezes into particulate crystals. Once in solid form the condensing volatile changes to become an
efficient upper atmosphere particulate thermal radiator”. This sentence should be understood in terms of IR emissions
toward space, this is what is meant by “radiator”. It is the temperature of the tropopause that governs the process of
volatile condensation or freezing. As we have seen in section “Temperature results from the Gravitational Lapse Rate”
p. 41, it is the planetary lapse rate, a function of gravity and specific heat, that mainly determines the level of this point
above the ground in the atmosphere. It is the mass and gravity induced pressure reduction at the TL_TTT and above
(i.e. at higher altitudes below 100 hPa of pressure) that determines where the mean free path to space for thermal
radiation through the overlying atmosphere is no longer blocked. The conclusion from Mulholland is surprising “ In
short, atmospheric albedo is a consequence and not a cause of planetary climate”. This appears as one more simple yet
powerful  self-adaptive  mechanism that  may explain  why the OLR has  slightly  increased and the specific  humidity
decreased at 300 mbar - operating as a negative regulating mechanisms (and not as a positive feedback as all the IPCC
AGW theory is based on). Adding the GCR effect and considering the global albedo, which changes from the glacial-
interglacial cycles from a 38% high to a 30% low due to the expansion or withdrawal of extensive ice-caps, one gets a
very  complex  and  inter-dependent  system where  the  role  of  CO2 appears  very  muted  with  respect  to  all  other
parameters. To give a very crude application of the Stefan-Boltzmann Law to assess in a rough manner the impact of a
change of albedo from a glacial to an inter-glacial stage, one just needs to invert the SBL equation. Given A the albedo,
σ the SBL constant=5.6698 10-8, the flux equals:

# ��) 	 � 	- �
�����

 (154)

Thus, inverting gives the trivial following value for T:
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V�PQ  (155)

With F the incoming average solar flux set to 1370 W/m2, using Equation 155, one gets the following estimates for two
albedo values, one for the inter-glacial of 30% and one for the glacial of 38%:

=(((1-0.3)*1370)/(4*5.67*10^-8))^(1/4) for an albedo of 30%  = 255 K
=(((1-0.38)*1370)/(4*5.67*10^-8))^(1/4) for an albedo 38% = 247.38K

Thus the temperature difference can immediately be evaluated to 7.62 K.

111Personal communication on the 3rd of March, 2021.
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«The carbon dioxide in the atmosphere is strongly coupled with other carbon reservoirs in the biosphere, vegetation and
top-soil, which are as large or larger. It is misleading to consider only the atmosphere and ocean, as the climate models
do, and ignore the other reservoirs. Fifth, the biological effects of CO2 in the atmosphere are beneficial, both to food
crops and to natural vegetation. The biological effects are better known and probably more important than the climatic
effects.» Freeman Dyson

From all what has been seen in this first Chapter, a very different Carbon Budget from what is proposed by IPCC can be
suggested,  where  the  various  notions  seen  can  be  put  together.  The  amount  of  carbon  dioxide  in  the  air  is  a
consequence of the surface temperatures of the inter-tropical zone where most of the ocean degassing takes place
(Figure 10). 94% of the carbon dioxide in the air comes from the natural degassing of the oceans (Levy et al., 2013) and
is the time integral of past temperatures (Figure 8, Equation 23), a consequence of these temperatures (Equations 18
and 19), and therefore cannot be the cause. Only 6% of the CO2 in the air is what remains from fossil fuels after that a
fast circulation with the oceans happens (Equations 6 and 16). A simple polytropic relationship between temperature
and  pressure  describes  the  air  and  surface  temperatures  (Equations  60 and  61).  Water  vapor  makes  the Earth's
atmosphere extremely opaque over the bulk of the thermal infrared spectrum (Figures  13,  15,  16), Table p.  59 after
Equation  69,  and  Equations  70,  71:  the  atmosphere  cannot,  at  these  frequencies,  transport  heat  by  radiative
mechanisms; the surface loses the heat received from the sun mainly by evaporation and convection. The thermal
infrared radiation of the troposphere, 80% of that of the globe, is regulated and controlled by the water vapor content
of the air around 300 millibar (9 km) (Figures 19, 20, 21); changes in the carbon dioxide content of the air cannot have
an effect because the water vapor content of the upper troposphere is extremely dynamic and quickly adjusts the
thermal infrared radiation to the solar heat absorbed under the tropopause.

Figure 28. Carbon Budget at a glance over the period 1900-2018 displayed on the graph over 1959-2018. Dark Blue = Cumulated
man-made emissions Gt-C (same as Figure  5),  Light  Blue= Cumulated Degassing by the Oceans yr-1 of Total  Gt-C in
Atmosphere,  Light  Green  =  Cumulated  Gt-C  Budget  (overall  ppm  atmospheric  increase),  Red  =  Anthropic  Gt-C  CO 2

remaining (same as  Figure  5),  Green = Cumulated uptake  by Land,  Forest,  and Biological  Punp yr -1 of  total  Gt-C in
Atmosphere. Based on a non linear model where all processes are dependent on the Temperature.

The Carbon budget (CB) proposed (1900-2018) illustrated by Figure  28, takes into consideration what has just been
reminded here. Let's see how it has been computed starting from the bottom of the graph, the green curve, soils and
vegetation to which can be added the Biological Pump (BP) mainly relying on the marine autotrophs (Burd et al., 2010;
Passow and Carlson, 2012; Herndl and Reinthaler, 2013; Le Moigne, 2019). Notice though that the amount accounted
for by the meso and bathypelagic biological pump activity remains conjectural. This series, the uptake by the soils and
vegetation (Usv+), is obviously proportional to the total amount in Gt-C of CO 2 in the atmosphere which as explained
above is dependent on the temperature and results from it. In fact, the reason is that the Primary Productivity (PP) of
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the autotrophs depends on both. The coefficient  αsv (-0.017) will characterize the uptake by the soils and vegetation
(negative as it corresponds to an uptake) and the βi will be an arithmetic progression of common difference of 0.013 to
model the progressive increase of the uptake as the temperature progresses and the total atmospheric [CO 2] in ppm
does the same.  The initial β0 equals 0.2. This model  as represented by Equation 156, leads to an uptake by soils and
vegetation of 571,52 Gt-C over the period (1900-2018) and the increased primary production of the autotrophs is what
has driven the uptake and growth of that sink from 1900 to 2500 Gt-C (Campbell et al., 2017; Haverd et al., 2020),
somehow 600 Gt-C.
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The second time series in  Red is  what is left  of the anthropogenic emissions after n=118 years,  i.e.  52.15 Gt-C as
resulting from Equation (6).

The light-green curve corresponds to the CB itself, the cumulated sum of the yearly  anthropogenic emissions, minus
the fraction removed, minus the uptake by soils and vegetation, plus the degassing from the oceans. As an indication,
for 2018,  man-made emissions (+10.15 Gt-C),  minus fraction removed (-1.82 Gt-C),  minus net  uptake by soils  and
vegetation (-14.48 Gt-C), plus net degassing by the oceans (+10.22 Gt-C), leads to an overall Gt-C Budget (+4.05 Gt-C).
This positive number should be reduced by increased DOC and POC due to the increased primary productivity of the
oceans, but are hard to assess accurately, e.g. Toggweiler (1990) p. 122 states “Druffel and Williams112 now add new
evidence that supports the dissolved organic pathway. They have measured the degree to which the 14C produced by
nuclear weapons testing has contaminated the particulate organic carbon (POC) pools, both sinking and suspended, in
the North Pacific. At present, inorganic CO2 in the water below the upper kilometre of the ocean is uncontaminated with
respect to bomb 14C. This is not true, however, with respect to the organic carbon in particles. Large settling particles
can sink to the bottom in less than a year”. So, this number is a “worst case” figure. The  light-green curve is the total
cumulated CB over the period 1900-2018.

The light-blue curve represents the total cumulative degassing of the oceans over the period 1900-2018. It is computed
according to the same logic as the uptake by soils and vegetation except that we consider a positive contribution to the
CB as the degassing (Docean) is dependent on the temperature, which as it progresses leads to more out-gassing. The
same approach as for Equation (156) is used, except that the  αocean (+0.012) is positive (net contributor to the CB).
Overall, the process is calculated in the following way:
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During the same period, also driven by the temperatures, the oceans have net out-gassed in this model 403 Gt-C, given
the fact that the solubility of CO2 in seawater has globally slightly decreased as per Henry's law. Overall, in the picture
presented, the atmosphere has had an increase of approximately 200 Gt-C as the net result of all these processes.

The dark blue curve represents the cumulated man-made emissions in Gt-C over 1900-2018 and amount to 458 Gt-C.

The way the land, forests and vegetation and BP uptake and the oceans net degassing have been represented rely on a
non-linear model (βi times αsv or times αocean) that depends on the temperature and which progressively increases the
net degassing by the oceans and the uptake by soils and vegetation as T goes up (and reversely goes down) according to
a simple “peg” to the total  atmospheric [CO2]  in Gt-C and an arithmetic  progression.  All  processes end up with a
consistent overall atmospheric CO2 ppm increase of approximately 200 Gt-C which matches well what was observed of
209.80 Gt-C.

One should not be mistaken by the appearance of high accuracy of the numbers given above. They are just reasonable
gross estimates that demonstrate that a CB can be balanced on completely different hypothesis than those adopted by
IPCC e.g.  (Le Quéré et  al.,  2016,  2018);  but  obviously  nobody knows whether  over the timescales 1900-2018 the
vegetation has had an uptake of -600 Gt-C or as calculated here of -571.52 Gt-C or whether the oceans have degassed
+403.42 or simply +352 Gt-C as evaluated by means of Equation (9) p.29, etc. What should be remembered is that

112(Druffel et al., 1992)
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fundamental physical and chemical processes are operating before us and that first and foremost these should be
accounted for: the soils and vegetation act as a sink, the oceans ensure a fast circulation with a large reservoir leading
to a short residence time for any CO2 molecule in the atmosphere of less than five years and even though they ensure
the removal of some DIC, DOC and POC by deep precipitation, they globally degas as the temperature has increased
since the end of LIA and that should be reflected in any decent CB.

What remains of the 458 Gt-C of total anthropogenic emissions is a small fraction of just 52.15 Gt-C and the overall 210
Gt-C increase of the CO2 atmospheric stock has a complex explanation (balancing all sources and sinks) and does not
mainly result of the man-made emissions113, a preposterous hypothesis made by IPCC authors. Schimel et al. (2015)
rightfully  reminds  that  “Feedbacks  from  terrestrial  ecosystems  to  atmospheric  CO2 concentrations  contribute  the
second-largest uncertainty to projections of future climate. These feedbacks, acting over huge regions and long periods
of time, are extraordinarily difficult to observe and quantify directly.”

The CB presented here that focuses on natural phenomenons, which are by far of a greater order of magnitude than
the total of the man-made contributions, and most probably underestimates the role of the oceans into sequestering
part of the organic carbon that it contains, especially given the fact that the increased oceanic productivity which goes
along with an increase of the temperature and of the availability of CO 2 lead to more organic sequestration. As Steele
(2020) summarizes “Productivity increased after the last glacial maximum ended, and increasing organic sediments on
the sea  floor  suggest  increased carbon  sequestration”.  So  even  though the  oceans are  net  degassing for  obvious
physico-chemical  reasons,  their  uptake of  organic and particulate organic matter are underestimated in the afore-
presented Carbon Budget, but one can hardly assess objectively to how much these additional sinks amount by now.

In  fact,  the  IPCC  Carbon  Budget  does  not  stand  the  quickest  scrutiny.  As  per  IPCC,  CO 2 emitted  by  fossil  fuel
consumption can only find its way into three different sinks: accumulate in the atmosphere, be dissolved and removed
by  the  oceans  or  finally  be  absorbed  by  the  vegetation  or  the  phyto-plankton  that  it  feeds.  This  is  represented
graphically by the Figure 6.8, p. 487 of IPCC (2013) and shows large yearly variations from -0.5 to +4 Gt-C. It is worth
noticing that only the atmospheric part of such a budget is measured, by means of IR spectrometry, whereas the other
components are either the result of a model (ocean uptake) or of a simple subtraction from the two previous numbers.
As such, by way of just obtaining the land uptake by that subtraction, this value appears as the simple “negative” of the
annual atmospheric variations.

As per the IPCC CB, the uptake by the vegetation would have been minimum, in fact even negative, the warm El Niño
years like 1983 (2.57 ppm increase) with -0.3Gt-C and 1998 (3.28 ppm increase) -0.5 Gt-C, whereas the uptake by
vegetation would have been maximum with values of 4Gt-C in 1992-93 (ppm increase of [1.01-0.5]), much colder years,
by around 1°C, than 1998. Thus, as per IPCC carbon budget, during warm years the vegetation would appear unable to
capture any CO2 at all, with even negative numbers, letting the emissions accumulate as per their model in the air and
the oceans, whereas the maximum uptake would happen during cold years. Such a curious model is defeated by the
obvious observation of  the Keeling curve that shows that  the seasonal  variations of  the [CO 2]  is mainly due to its
consumption by the vegetation. It shows that there does not exists the kind of difference that appears in the IPCC
budget [-0.5-4]Gt-C,  the curve being very repetitive from one year to the next,  displaying comparable patterns of
seasonal variations and showing for the years 1992-1993 or 1998 comparable vegetation consumption during spring
and summer of 17 Gt-C. One immediately sees the absurdity of such IPCC CB model as if the vegetation was unable to
provide for any uptake the warm years, why the UN would undertake massive tree planting operations, that despoil
peasants in countries like Uganda and Cameroon? The conclusion is that the IPCC carbon budget shows an entirely
erroneous behavior for the land and vegetation sink as a result of considering it as a simple subtraction of the two other
sinks.

113This is of course a very different approach to that of the Le Quéré et al. (2016) paper which necessitated 68 authors (argument of
authority ?) to come up with an IPCC compliant CB which leaves no place to Nature. These Le Quéré et al. (2016, 2018) CBs are
based on the combination of a range of data, algorithms, statistics, and model estimates and their arbitrary interpretation by a
broad and partisan community tainted by major conflicts of interest because their economic and social survival depends on
continued state funding based on the erroneous assumption that CO2 only results from anthropogenic emissions. The global
carbon budget of all these researchers, ensconced in the comfort of their laboratories, asserts that averaged over the decade
(2006–2015), 91% of the total emissions were caused by fossil fuels and industry, and 9% by land-use change.  Nothing from
Nature; this is meaningless. So many authors were required to impress the reader, make him/her believe that Nature has no role
to play and come up with sort  of  a dogma based on a dubious interpretation of  data and on gimmicked models; what an
outlandish and ludicrous claim to think that these arbitrary guesstimates bear any resemblance to reality and would justify
coercive economic policies to be based on them.
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The approach and the model presented here is certainly not settled, nothing is never, and will be improved and refined
as our understanding progresses but it has the merit of giving reasonable and rational orders of magnitude for the
physical, chemical and biological processes that any objective observer and scientist must first and foremost account
for; e.g. Henry's law and the degassing of the oceans cannot be ignored and is obviously one of the main players of the
CB budget. Never ever any honest scientist should start from foregone conclusions and try to thwart the reality in so far
as to make it match the flawed assumptions (i.e. man-made emissions are 100% responsible of the CO2 increase and for
sure, Nature does not play any role), only pseudoscience does that. Science works the other way round, but IPCC has
corrupted it  by supporting and funding only the dogma that man-made emissions were responsible of  everything,
nothing to argue about, science is settled ; this will prove ultimately extremely detrimental to the confidence that the
public will place in science in the future when the dogma will unravel as a card castle facing the climate reality, that will
not conform to the AGW lunacies and forecasts.

As a brief summary, not only does CO2 have a very little effect as the atmosphere is very opaque to IR radiations (e.g.
Equation  80 and corresponding Table), but its radiative contribution is very small even considering the water vapor
feedback (Equations 81, 82)114, and in the end most of the heat distribution which makes the climate is related to other
processes  such  as  transport  by  latent  heat  (i.e.  evaporation  –  condensation  –  precipitation),  sensible  heat  (i.e.
convection – advection), etc., or radiation by the TOA where the regulation by water vapor is far more important than
any role that CO2 could play, but furthermore one must acknowledge that most of its increase (210 Gt-C) since 1900 is
not even of anthropogenic origin!

114Even as  per  the flawed IPCC model  based on SBL,  CO2 delivers  a muted log-response  (Equations  83,  84)  which had to be
reinforced arbitrarily by a number of nonsensical hypothesis in order to make it have some climatic impact!
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Going through past climates is like exploring a process represented in a log-scale. The further away you go the rougher
the  knowledge  and  the  granularity  of  the  information  you  can  have  access  to.  The  first  2,000  years  are  full  of
information and data that can be cross-checked to verify your reconstructions.  The next 12,000 years ago are still
providing plentiful of evidences, that are honestly bewildering for any curious mind given that we observe massive
changes, e.g. the green Sahara somewhere around -6.5 kyr, as it is still extraordinarily close to us, and then somewhere
around -12,000 years we move back to a glaciation period, reminding us of the extreme advantage of benefiting from a
warmer climate. Exploring the previous 2 Myr,  just  yesterday in geological terms,  gives a perspective on this long
alternate cycles of glaciation with ice sheets advancing and retreating on 40,000- and 100,000-year time scales called
glacial periods, and interglacial periods. This quaternary glaciation is the last known of 4 others distant events namely:
Huronian (-2470 to -2210 Myr), the Cryogenian (-720 Myr to -630 Myr), the so-called Andean-Saharan glaciation (-460
to -420 Myr), then the Late Paleozoic (-360 to -260 Myr).

Figure 29. Global temperature and atmospheric CO2 concentration over the past 570 million years. Purple line is CO2 concentration
(ppm); blue line is change in temperature (∆°C). Horizontal scale is not in constant units. CO2 scale derived from ratios to
levels at around 1911 (300 ppm) calculated by Berner and Kothavala (2001). Source Idso et al. (2019) adapted from Nahle
(2007), referencing Ruddiman (2001), Scotese (2003), Pagani et al. (2005).

The most important information conveyed by Figure  29 is that  over geological times there is simply  no relationship
between CO2 concentration levels (violet curve), i.e. [CO2]  and the temperature T (blue curve). The Andean-Saharan
glaciation at the end of the Ordovician (-460 to -420 Myr) happened within the context of increasing and extremely high
[CO2] of up to nearly 6,000 ppm (12 to 15x times actual concentrations), while the next glaciation referred to as the
Late Paleozoic or  Karoo ice-age (-360 to -260 Myr), at the end of the carboniferous era for its  second Pennsylvanian
sub-period (318–299 Myr), happened at the Pennsylvanian-Permian boundary, a glaciation that became bipolar at its
maximum extension (Fielding et al., 2008) when [CO2] were low. During the Permian, T recovered to very high levels
and remained there until the end of the Jurassic while [CO2] remained somewhat depressed and at around -146 Myr
the [CO2] increased significantly to more than 3,000 ppm, while T dipped significantly going anti-phase. Subsequently
[CO2]  has  decreased  almost  monotonically  (except  for  the  very  short  lived  volcanic  Paleocene-Eocene  Thermal
Maximum (PETM) pulse and the limited blip at the Miocene) while T reached a maximum during the PETM. Very low
CO2 concentrations followed the mid-Pliocene period with alternating of stadials and interstadials. At any given time
over the geological records, CO2 concentration is in an equilibrium with the overall geochemical processes at work and
geophysical  conditions  (e.g.  distribution  of  tectonic  plates,  ratio  continents/oceans,  atmospheric  composition,
atmospheric and oceanic circulation, etc.) and the solar system variables (e.g. orbital parameters, Total Solar Irradiance,
etc.).  In no way does CO2 concentrations have any impact on the climate at these geological timescales and trying
desperately to find a relationship is futile. So the question one might ask is: why do we observe such a good correlation
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between [CO2]  and T as displayed e.g.  Figure  43.  The explanation is  in  fact  very simple:  once a geochemical  and
geophysical steady state is reached that corresponds a given CO2 concentration, then changes of T lead to changes of
[CO2] and not the other way round. Correlation is not causation. In fact we do not have one but two physical rules (one
law and one principle)  that  apply here:  Henry and Le Chatelier  (equilibrium law).  As explained above whenever T
increases the solubility of CO2 decreases and therefore the oceans out-gas (Henry), but as the out-gassing leads to an
increase of pCO2 this tends to oppose the effect of the T increase (Le Chatelier) acting as a negative feedback. The two
phenomena are decoupled as they do not happen on the same timescales or at the same place. The tropical oceans
massively out-gas (with little counter effect due to the small increase of pCO2) while the polar seas and oceans act as
strong  CO2 sinks  (with  little  help  due  to  the  small  increase  of  pCO2).  CO2 has  a  much  more potent  effect  than
controlling the temperature (which it does not do in any way), it controls life on Earth! Whenever CO2 concentration
becomes  too  low,  plants  and  ecosystems  generally  suffer.  Phytoplankton  productivity  decreases  because
photosynthesis is made harder at lower concentrations. Whilst plants have adapted themselves to overcome this major
hurdle, there is a lower limit. Concentrations below 280 ppm lead to plants starvation (Ward et al., 2005).

So let's rewind the tape, starting from the Holocene which goes back to 11,700 BP (0.01 Myr) detailed in Figure  35,
followed by the Pleistocene which goes back to 1.64 Myr, and together with the Holocene make the Quaternary epoch,
and only 23 kyr ago, was the Last Glacial Maximum. The previous interglacial optimum known as the Eemian shows that
it was warmer than now, following a succession of alternating glacial and interglacial cycles over one million years.  The
initial period was about 41,000 years (-2.58 Myr to -0.74 Myr), but following the Mid-Pleistocene Transition (MPT) the
planet became so cold that it has slowed on average to about 100,000 years.  Over the past 740,000 years there have
been eight glacial cycles (Augustin et al. 2004). In fact, the entire Quaternary Period, starting 2.58 million years BP, is
referred to as an ice age because at least  one permanent large ice sheet,  i.e.  the Antarctic ice sheet,  has existed
continuously.  There is uncertainty over how much of Greenland was covered by ice during each interglacial.  Then
temperature slowly moves back up to the beginning of the Pliocene at 5.333 Myr BP (period which ends at 2.58 Myr
BP). As far as hominids are concerned, the beginning of the Stone Age and therefore the oldest evidence of use of tools
known  to  date  seem  to  relate  to  Kenyanthropus  platyops  (a  3.2  to  3.5-million-year-old  Pliocene  hominid  fossil
discovered in Lake Turkana, Kenya in 1999). So as can roughly be seen, apart from various optima that will be addressed
later, hominids have had to cope with mainly colder conditions than those that mankind has been benefiting from since
the end of  the Little Ice Age (LIA).  In  fact,  mankind has lived through the last  glaciation,  i.e.  Quaternary and has
experienced first-hand the tough times,  alternating between extremely cold  periods,  i.e.  stadials  and interstadials
where climate improved somehow. Each Quaternary climate phase is associated with a Marine Isotope Stage (MIS) 115

number, which describes alternation between warmer and cooler temperatures as measured by oxygen isotope data.
Stadials have even MIS numbers and interstadials odd MIS numbers. The current Holocene interstadial is MIS 1 and the
last glacial maximum stadial is MIS 2.

Moving backward, from the end of the Miocene to the beginning of Paleocene (66 Myr ago), is definitely the realm of
geology, as most major recent orogenies took place during that time-frame (Alpine orogeny, Himalayan orogeny) to
give Earth its familiar aspect. Basically,  the climate was much warmer with differences in  atmospheric circulation,
ocean currents and circulation, impact of mountain ranges on the climate, etc. The early Eocene is notable as it appears
perhaps to be the warmest period of these last 540 Myr. This is why authors such as Klages et al. (2020) who use CO 2

concentrations to explain what they observe are deluded. For example at the Turonian–Santonian stage (93–83 Myr),
when there  is  no correlation.  CO2 concentration  is  not  helpful  to  explain  any of  the  previous  changes that  were
observed in the cretaceous period,  on any timescale,  but  these authors  stick  to their  obsession of  trying to find
explanations based on GHGs. The actual explanations to situations are world apart (Jolivet et al., 2016). Tectonic plates
drifted and made the worlds of  the past  unrecognizable compared to the present day (Hay,  1996;  Fluteau,  2003;
DeConto, 2008). It is also worth noticing that during the period going from mid-Jurassic to the PETM (-175 to -55 Myr)
CO2 concentration and T have had negative correlations, the reverse of behavior corresponding to the AGW theory: CO2

concentration increased (-175 to  -145 Myr)  while  T decreased and from (-145 to  -55  Myr)  T increased while  CO 2

concentration decreased, how annoying! This matches Davis' (2017) findings who analyzed the relationship between
temperature  and atmospheric  CO2 with the most  comprehensive  assemblage of  empirical  databases of  these two
variables available for the entire Phanerozoic period (522 Myr)  and concludes “Temperature  and atmospheric  CO2

concentration proxies  plotted in the same time series panel  (Figure 5) show an apparent  dissociation and even an
antiphasic relationship. (…) Correlation does not imply causality, but the absence of correlation proves conclusively the
absence of causality”.
So let’s set out to see how much climate has changed without mankind having a say in it!

115https://en.wikipedia.org/wiki/Marine_isotope_stage 
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The last 2,000 years

In: Observed Climate Variations and Change, IPCC WG1, Chapter 7; p. 199 Executive Summary, “A global warming of
larger size has almost certainly occurred at least once since the end of the last glaciation without any appreciable
increase in greenhouse gases. Because we do not understand the reasons for these past warming events it is not yet
possible to attribute a specific proportion of the recent, smaller, warming to an increase of greenhouse gases”. Folland
et al. (1990).

Detailed written archives for the last 500 to 1000 years enable to perform some historical climate reconstructions for
periods were we lack instrumental measures. Historians have detailed documents that give indications of the weather
at a particular time: descriptions of harsh winters, rotten or too dry summers, dates of the first snows, of the setting of
rivers by ice, dates of harvests, grape harvests, sometimes even flowering, direct or indirect estimates of cereal yields
from tithes,  the  advance  or  retreat  of  glaciers  attested  by  texts,  the  disappearance  of  hamlets,  iconographic  or
cartographic documents (Le Roy Ladurie, 1967, 2004, 2006, 2009, 2017; Le Roy Ladurie et al., 2009, 2011, 2017). These
elements taken individually do not allow firm conclusions to be drawn, as poor wheat yields can result from a rotten
summer or a too dry spring, just as glacial advance can result from snowier winters or cooler summers that limit the
ablation of ice. But the long series of French and German wine harvest dates and quality reports indicate that early
harvests resulted from warm springs and summers characterized by anticyclonic conditions and the late ones from cold
springs and summers with cool and cloudy conditions. Of course, the dates of the harvest used without discernment do
not mean much since a late harvest can be the result of a very cool summer as well  as the result  of a change in
viticulture techniques used, for example to obtain a higher alcohol content. An early harvest can also be explained,
independently of the climate, by an increased need to supply the market with wine (Nichols, 1972).

But all the elements juxtaposed and analyzed together undoubtedly make it possible to trace the climate history from
an historical perspective over the last millennium. Le Roy Ladurie (1967) describes the Little Ice Age in Chapter IV of the
book in the most detailed way. The author studies with extreme attention the Alpine glaciers and the maximums of
1600, 1820 and 1850 and the glacial flood which also affects Scandinavia and Iceland. Chamonix hamlets are destroyed
in 1601 (the year is specified thanks to the tithes counts) whereas they had been established in the Middle Ages during
the climatic optimum.

Then winters became less mild, frosts more frequent, snows more abundant during the second half of the 16th century
and summers became cooler. The peat bog at Fernau (Tyrol), known thanks to studies of the so called Bunte Moor
swamp stratigraphy (Mayer, 1964 ; Chernykh et al., 2013), records peat beds (the thickness of which indicates how long
the glacier retreated) and moraine sand beds (which record the advances). Thus, thrusts appear between -1400 and
-1300 (the strongest), -900 and -300, between 400 and 750, between 1150 and 1200 and 1300-1350 then 1550-1850.
These archives are extremely rich and document with irrefutable evidences the harsh swings experienced over the last
millennium (though more accurately for the last 500 years) with extremely cold or mild winters and rotten rainy and
cool summers or to the contrary very dry and scorching summer with heatwave and none of these climatic disasters
can be attributed to CO2 or industrial and transportation emissions, simply as they were none! The work done by Le Roy
Ladurie and his co-workers through the painstaking analysis from European temperature proxies then available are
imaginative, evocative, and persuasive, it definitely makes mockery of global warming or cooling or climate change, it's
gone on for centuries, millennial, instead millions of years.

As reminded to us by Le Roy Ladurie and Rousseau  (2009) there has been no shortage of climate catastrophes in the
well documented French and European history. In 1168, the Sarthe river dried up. During the summer of 1351 the price
of wheat was multiplied by three because of its rarity, as a result of "scalding"116, which led to very early harvests. There
are also a series of consecutive scorching summers, climatic micro eras: 1331-1334, four summers in a row, 1383-1385,
three summers. Year 1420 is marked by a very severe drought (Le Roy Ladurie et al., 2017). The first half of the 16th
century is particularly mild, where we can speak of a small age of warming, during summer the glaciers retreat a lot and
the snow melts very high and in, e.g. 1540, many witnesses living in the Alps noted this.

But from 1560 onwards, we enter the LIA, and hot summers become rarer and climate deteriorates significantly. In any
case, excess of rain is enemy number one, more so than anything else: rotten summer is more feared than hot summer.

116Grain Growth Accident caused by excessive heat when the grain has not yet matured
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On the other hand, mortality rises in hot summers due to dysentery. The level of rivers and streams drops, the water
drawn for living and drinking is muddy, infected, polluted, and the mortality is spectacular. 500,000 deaths during the
summer of 1636 or 1705, 700,000 during the hot summers of 1718-1719, with even the appearance of swarms of
locusts and a form of Saharan climate in the “Ile-de-France” region. These deaths were mainly babies and young of the
year.

Of the so many events that make the historical recounting of climate a long list of catastrophes, one can mention at
least the following:

� The famine of 1693: is essentially a famine pushed to the extreme, due to the rain (1692-1693) and the cold,
with a little scalding (1693) to complete the disaster. It is within the framework of the Maunder Minimum
(MM) (1645-1715),  and more specifically  the Late  Maunder  Minimum or  LMM (1675-1715);  a  worldwide
coverage of the MM's effects is given by Soon and Yaskell (2003). The number of additional deaths in 1693 and
1694  is  an  astounding  1,300,000  people,  i.e.  5.8%  of  the  French  population.  This  is  by  far  the  greatest
demographic catastrophe that France has experienced since the 1680s to the present day; a France, let us
remember, which had at the time 20 to 22 million inhabitants.

� The great winter of 1708-1709: The icy and deadly winter of 1708-1709 was perhaps prepared by four volcanic
eruptions, Vesuvius and Santorini in the nearby (Mediterranean) area; Fujiyama, in Japan, and Piton de la
Fournaise, in Reunion Island. Seven winter cold spells were counted and on January 20, 1709, the temperature
plunged to -20.5°C in Paris (-23.1°C according to Fuster (1845) p. 300). The demographic deficit calculated
using the same methods as in 1693 is 600,000 people who died in addition to the normal. During the hot
summers of the 18th century, the losses can be estimated at about 200,000 people in three years (1705, 1706
and 1707). This excess of deaths is the result of deadly epidemics, some of which (dysentery in 1706 and 1707
in particular) were probably favored by episodes of very severe drought and summer heat, by the infection of
rivers and water tables that had become too low and too sensitive to the invasion of pathogenic germs.

� Summers of the two years 1718-1719: The hot and dry summers led to early harvests, the earliest in duo (since
the quartet of 1683-1686), with African locusts as far as Languedoc. In 1719, this same torrid summer caused
the pollution of waters that had become too scarce and all the dirtier. It leads to an outburst of a terrible
epidemic of dysentery which contributes to the enormous mortality of the time, more than 400 000 additional
deaths in the year 1719 alone. There was another considerable, albeit less marked and less deadly, but not
insignificant heatwave in 1747, with a fatal surplus of about 200,000 people. After two years of heat, notably
in the summer and autumn of 1778 and 1779, epidemics of dysentery broke out in early September 1779, a
date which was recorded in the north of France; the number of deaths was around 200,000 people above the
normal average annual death figures for the decade 1770-1779. Would the 18th century thus be essentially a
heatwave? In fact, there are also large mortalities due to wheat crop failure (1693-1694) because of excess
rainfall as recorded in 1692-1693. There have been classical type famines since the Middle Ages and since the
"modern" era, famines of 1315-1317 and 1661-1662, which were extremely aggressive. In 1740 (great winter
plus subsequent rains) and in 1770 (heavy rainfall), there was a real rainy assault on wheat production with
fairly significant lethal consequences, even though there were no more than a million deaths in the years
1693-1694. Messier (1793) reported 40°C in Paris (France) on July 8 th, 1793 and the thermometer had marked
40° at half past three on August 17th, 1701! Since, Paris-Montsouris has a record high temperature of 42.6°C on
July 25th,  2019, the second hottest heat was recorded at 40.4°C on July 28th, 1947 but these record-high only
apply to the instrumental period and not to all the centuries before which might have registered higher values.

Overall, based on the work of Fuster (1845), an historical  climate reconstruction of a long list of very hot and dry
summers with associated drought can be made:

� I century: 70 (“Tacitus reports the unheard-of drought of the 70's : water was scarce in northern Gaul, and the
Rhine was barely navigable and it was possible to ford the River”);

� IV century: 357 (“The drought of summer 357 made it possible to ford the Rhine River”);
� VIe century : 580, 582 (“The heat made the trees bloom in January“), 584 (“We got roses in January, the trees

produced a new harvest in September; some of them blossomed again in December, and the vines produced
well-formed bunches of grapes at the same time“), 586 (“The trees blossomed again in September 586, and
many of them, which had already borne fruit, bore fruit a second time until Christmas“),  587, 589, 591;
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� VIIe century : 675 (“In 675 there was no rain for three months, and there was a great drought, and the wells
were dry in Chalons, in the Austrie region”), 700;

� VIIIe century : 783;
� IXe century : 872 (“The extreme drought of summer 872 destroyed almost all the fruit”) 874 (“The drought of

the long summer caused hay and wheat to run out“), 892;
� Xe century : 921 (same as 874), 987, 994;
� XIe century : 1078, 1094 (“Extraordinary drought“);
� XIIe century : 1137 (“Drought started in March until Sept. also drying up wells, fountains and rivers“), 1183

(“Heatwave that dried rivers, fountains and wells in several places“), 1188 (same);
� XIIIe century : 1204, 1212, 1226 (“The extreme drought led to the ruin of almost all the summer harvests“),

1287 (“It did not rain all summer long; the wells and fountains dried up“), 1294 “The drought dried up all the
wells and springs of Provence. The Huveaune dried up there and the Rhone diminished to such an extent that it
was no longer navigable, even at its mouth”;

� XIVe century : 1305, 1306, 1325 (“Barely the value of two rainy days in the course of four lunar months...“),
1331 (“Such a great drought that the earth could not be plowed because of its hardness“), 1334, 1361, 1384
(“The springs dried up during the summer due to the lack of rain and the unbearable drought“), 1392 (“The
stubborn drought dried up the springs and prevented the largest rivers in France from being navigable“);

� XVe century : 1473;
� XVIe century : 1536 (“drought dried up all the springs of Provence again”), 1540, 1553;
� XVIIe century : 1632, 1639 (“In 1639, hardly any snow fell on the Alps, nor rain in Provence the Durance and the

other rivers dried up, the waters of the Rhone descended very low”), 1674, 1684117 (ranked by the astronomer
J.-D. Cassini as one of the hottest), 1694;

� XVIIIe century118 : 1701, 1712 (“The drought and heat of 1712 dried up the springs and destroyed the crops”),
1718  (“The  extreme  lowering  of  the  waters  of  the  Seine  at  the  Tournelle  bridge,  gave  the  zero  of  the
measurements for the variable heights of this river“), 1719 (“In Marseille, on December 18th, fully ripe cherries
and apples are picked“), 1726, 1727, 1767, 1778 (“Recounted by Messier as one of the most severe“), 1793
(“People and animals died from asphyxiation, vegetables and fruits were roasted or eaten by caterpillars...“);

� XIXe century : 1800 (“Most of the ponds dried up, the springs dried up and many plants died. On August 20, the
Seine was 176 mill. lower than the zero of the 1719 scale“), 1803 (“The wells and fountains dried up. In Paris,
the small arm of the Seine remained almost dry, and the level of the river indicated, on November 21 st and 27th,
24 centimeters below zero. In some departments there was a complete lack of water; people went to fetch
water three or four leagues away, and it cost thirty cents to water a horse“), 1811 (“In the south as in the
north, the heat and the drought exhausted most of the springs, dried out the streams and rivers, precipitated
the ripening of fruits, consumed the forage plants “), 1817, 1825, 1842 (“In the Meuse, the barrel of water sold
in August for up to three francs. In Paris, transport by the Seine were interrupted for four months in a row “),
1858, 1875, 1893.

Same can be read about floods and excessive rainfalls, a very long list of devastating events, starting p. 337 in Fuster
(1845). During the early and mid-XX century many newspapers used to mention them (HA, 1952) and GHG were not the
scapegoat as man-made emissions  could not – obviously - have played a role as they were none! Recent milder and
nicer climate and technological progress have made times much better than before and one can put in perspective the
death tolls of the past (climate and epidemics) with current events. Therefore, the last 2000 years offer all sorts of
proxies and even plentiful of human archives to reconstruct the temperature, rainfall or droughts.

The cycle of 1000 years is very well visible on the next Figure 30 from Christiansen and Ljungqvist (2012). The medieval
optimum or Medieval  Warm Period (MWP) around year 1000 which was obliterated by (Mann et al.,  1998,  1999;
Marcott et al., 2013) corresponds to the warmest ocean surface conditions of the SE Greenland shelf over the late
Holocene and Miettinen et al. (2015) add “It was characterized by abrupt, decadal to multidecadal changes, such as an
abrupt warming of ~2.4°C in 55 years around 1000 CE. Temperature changes of these magnitudes are rare on the North

117Reported by Foster (1845) p. 322 as the first year were thermometric measurements were made. It is also reported by May
(2020) that “The winter of 1683-84 was one of the coldest in English history, the Thames River was frozen down to London Bridge
by the second of January and stayed frozen for months. The canals of Venice froze so solidly in 1684 and 1709 that heavy goods
could be transported on the ice without breaking through”.

118Daniel Gabriel Fahrenheit,  the originator of the era of precision thermometry invented the mercury-in-glass thermometer in
1714 and Fahrenheit scale in 1724. Since then accurate meteorological records can be made.
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Atlantic proxy data” and enabled the colonization of Greenland by the Vikings119. The MWP was warmer than today and
corresponds to the total withdrawal of the Aletsch Glacier (Figure 31, p.102).

One should notice that the study of Huang et al. (2008), based on hundreds of boreholes from all continents (except
Antarctica) which are among the most reliable means of establishing reconstructed paleo-temperatures, is in good
accordance with Christiansen and Ljungqvist (2012) and gives strong evidence for a temperature difference of 1.0-1.5 K
between the Medieval Warm Period (MWP) and the Little Ice Age (LIA), also as per Mayewski et al. (1993). This has
been a contentious subject since the flawed “Hockey Stick” reconstruction and massive deceptive usage made of it by
IPCC for years long. Furthermore, the LIA as demonstrated by deMenocal et al. (2000b) is not a regional event limited to
the  Northern  Hemisphere  as  “subtropical  SSTs  were  reduced  by  3°  to  4°C.  These  events  were  synchronous  with
Holocene  changes  in  subpolar  North  Atlantic  SSTs,  documenting  a  strong,  in-phase  link  between  millennial-scale
variations in high- and low-latitude climate during the Holocene”.

Figure 30. Reconstruction of extra-tropical temperatures of the northern hemisphere in °C, deviating from the average for the period
1880-1960. The thin curves are the annual values, and the smoothed curve (in red) an average over 50 years, with dashed
quantiles at 2.5% probability. The green curve shows the observed extra-tropical (>30° N) annual mean temperature. The
yellow curve show the temperature average over grid-cells with accepted proxies. Both curves have been centered to zero
in 1880–1960 AD. Source: Christiansen and Ljungqvist (2012). Other similar reconstructions by Moberg et al. (2005).

The LIA is also very well visible with a minimum around 1650-1850 (Desprat et al., 2003). As already mentioned, Trutat
(1876)  reported  the  frightening  receding  of  the  glacier  in  the  Pyrenees  and  the  same  happened  in  the  Alps
(Nussbaumer et al., 2011; Fig. 4 and 5) and lead Painter et al. (2013) to conjecture that it could have been forced by
black industrial carbon. This anthropogenic hypothesis (one more) was refuted by  Sigl et al. (2018) who asserted that
the 19th century glacier retreat in the Alps preceded the emergence of industrial black carbon deposition on alpine high
altitude glaciers «Our study reveals  that  in AD 1875,  the time when rBC (i.e.   refractory  Black Carbon;  using soot
photometry)  ice-core  concentrations  started  to  significantly  increase,  the  majority  of  Alpine  glaciers  had  already
experienced more than 80 % of their total 19th century length reduction, casting doubt on a leading role for soot in
terminating of the Little Ice Age» (Sigl et al., 2018).

During the Holocene,  there are  at  least  4 such LIA-type events and they are related to  very low solar  activity  as
recorded in cosmogenic records. The way these depressed solar levels can propagate to the climate system is suggested
by Moreno-Chamarro et al. (2017) “Here we demonstrate that such exceptional wintertime conditions arose from sea
ice expansion and reduced ocean heat losses in the Nordic and Barents seas, driven by a multi-centennial reduction in
the northward heat transport by the SubPolar Gyre (SPG)”. A reversal of these very depressed levels of solar activity
naturally lead to a reversal of the climatic conditions. Nothing related to CO2 or industrial soot.

LIA-type events are progressive and one cannot pick exact dates on a continuous process, but 1260 can be chosen as a
start date, with a very visible drop on Figure 3 of Hegerl et al. (2007), just after the Samalas eruption as the resulting
cooling marked the end of the Medieval Warm Period and was followed by the terrible events of the 14th century, the
1315-1317 great famine120 (occasionally dated 1315-1322 due to the lasting and deleterious effects on the European
populations), and the Black Plague. For the end date one can choose 1840, after a bout of volcanic activity from 1790 to

119The Icelandic sagas say that 25 ships left Iceland with Erik the Red in 985, and that only 14 of them arrived safely in Greenland.
The Norse established settlements along Greenland's fjords, the larger Eastern Settlement and  the smaller Western Settlement.
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1835 that coincided with the Dalton period of low solar activity, causing a relapse to colder temperatures that had been
increasing since around 1700. To try quantify the impact of volcanic activity, one should know that it is the amount of
sulfur injected into the stratosphere that  matters  and the location of  the eruption,  see (Sigl  et  al.,  2015)  for the
eruptions that mattered over the last 2500 years (note that 1257 and 1815 figure prominently).  For solar activity,
reconstructions from cosmogenic isotopes give a better picture than sunspots and extend over a much longer period
(Muscheler et al., 2007).

Figure 31. The Little  Ice  Age  (LIA),  "cold"  period  from 1300 to 1860,  ended,  according  to  the  glacier  moraines,  around 1860;
observations on the great Aletsch glacier (Switzerland) also strongly suggest cycles of around 1000 years; before our era,
around the Iron/Roman Age Optimum (I/RAO) (aka the Roman Warm Period) between 250 BC and 400 AD the glacier was
somehow shorter than today, and around 1350 BC – 1200 BC i.e. Late Bronze Age Optimum (BAO) the glacier was 1000m
shorter than today as per Schafer (2018), graph after Holzhauser et al. (2005).

Christiansen and Ljungqvist  (2012)  conclude that  their  reconstructions  indicate  that  «the  first  millennium  AD was
generally significantly warmer than the second millennium AD. The 17th century was the coldest century during the last
two millennia and most of the LIA seems to have been colder than during the Dark Age Cold Period ca. 300–800 AD. The
level of warmth during the peak of the MWP in the second half of the 10th century, equaling or slightly exceeding the
mid-20th century warming, is in agreement with the results from other more recent large-scale multi-proxy temperature
reconstructions…». One should notice though, that reconstructions from (Mann et al., 1998, 1999; Marcott et al., 2013)
fail to account for the fact that LIA was 1.5° cooler than the MWP and present, as demonstrated by Huang et al. (2008)
based on hundreds of boreholes or based on the study of Length of Day (LOD) and NAO by Mazzarella and Scafetta
(2018) which demonstrate that LIA “was 1.0–1.5 °C cooler than current warm period” or even from accurate global
reconstructions like provided by May (2017) for the Antarctic,  Southern Hemisphere mid-latitudes, the tropics, the
Northern Hemisphere mid-latitudes, and the Arctic, all combined into a simple global temperature reconstruction.

Considered over such a short timescale as 2000 years (for paleo-climate analysis but an eternity for climate software
modeling), the current warming does not appear exceptional as it compares with the Roman Warm Period (RWP) and
barely surpasses the Medieval Warm Period (MWP), especially as we recover from a remarkably cold period when
temperatures in the 17th century reached values as cold as −1.0 °C below the 1880–1960 AD level. The Roman Climatic
Optimum (RCO) or RWP is a period of warm climate, at least in Europe and the North Atlantic, which runs from around
250 BC to 400 AD, e.g. (Bianchi and Mccave, 1999) p. 516, (Desprat et al., 2003). Theophrastus (371 B.C.-287 B.C.) wrote

120“Cooling not warming is riskier”: the Great Famine started with bad weather in spring 1315 (Baek et al., 2020). Crop failures
lasted through 1316 until the summer harvest in 1317, and Europe did not fully recover until 1322. Crop failures were not the
only problem; cattle murrains caused sheep and cattle numbers to fall as much as 80%. Throughout the spring of 1315 and the
summer, it continued to rain heavily, and the temperature remained cool. Under such conditions, grain could not ripen, leading
to widespread crop failures. Grain was brought indoors in urns and pots to keep dry. The straw and hay for the animals could not
be picked up, so there was no fodder for the livestock. Salt, the only way to preserve meat, was difficult to obtain because brine
could not be  evaporated in wet weather. In the spring of 1316, it continued to rain on a European population deprived of energy
and reserves to sustain itself. Extreme measures were taken, the future was mortgaged by slaughtering the draft animals, eating
the seed grain, abandoning children to fend for themselves , old people voluntarily refusing food for the younger generation to
survive. This rural and societal disaster has been attributed to the major volcanic eruptions of 1314 (± 12 years) A.D. Okataina
(Tarawera),  North Island, New Zealand (Nairn et al., 2004; Hodgson and Nairn, 2005) and 1257 A.D. Samalas, Indonesia, see
section “Volcanoes, Tectonics and Climate”, p. 227
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that date palms could grow in Greece if they were planted, but that they could not bear fruit. This is the case today,
suggesting that average summer temperatures in the southern Aegean in the 4th and 5th centuries BC were at least at
a comparable level to those of today. This, together with other literary indications of the time, confirm that the Greek
climate was then basically the same or warmer as it is today. Dendrochronological evidence, found in the Parthenon,
shows a climate variability in the 5th century BC that resembles the modern pattern of variation (Wang et al., 2013).
Growth rings of trees from Italy in the 2nd century BC indicate "mild" climatic conditions at the time when Hannibal
crossed the Alps with his elephants (218 BC).

Recent study by Margaritelli et al. (2020) based on SST reconstruction from the Sicily Channel based in Mg/Ca ratios
measured on the planktonic foraminifer “Globigerinoides ruber” shows in the Mediterranean area “persistent regional
occurrence of a distinct warm phase during the Roman Period. This record comparison consistently shows the Roman as
the warmest period of the last 2 kyr, about 2°C warmer than average values for the late centuries for the Sicily and
Western Mediterranean regions”. Providing a good illustration of the principle “Cooling not warming is riskier”, see
footnote p.  102, Margaritelli et al.  (2020) conclude “We hypothesis the potential link between this Roman Climatic
Optimum and the expansion and subsequent decline of the Roman Empire”.

Tree-ring chronologies from the Russian Altai and Austrian Alps used to reconstruct summer temperatures over the
past two millennia show that in both regions, conditions during recent times are comparable to the Roman optimum
and slightly warmer than throughout the medieval period (Büntgen et al., 2016). Shi et al. (2013) present comparable
results. Then, the study of the Aletsch glacier by Holzhauser et al. (2005), provides data in good agreement with the
findings of Christiansen and Ljungqvist (2012), and by extending backwards 1500 years further also shows a probable
complete disappearance of the glacier(s) around -1000BC as presented by Nussbaumer et al. (2011), Fig. 7(b). We are
definitely not in unchartered territory, even limiting ourselves to such a short period, well documented through human
archives (e.g. Hannibal's crossing of the Alps during the Second Punic War, 218BC).

One  will  remember  that  for  having  published  the  paper  of  Soon  and  Baliunas  (2003)  where  they  stated  that
“Furthermore, the individual proxies can be used to address the question of whether the 20th century is the warmest of
the 2nd millennium locally. Across the world, many records reveal that the 20th century is probably not the warmest nor
a uniquely extreme climatic period of the last millennium”, the six editors of the journal Climate Research who dared to
publish the paper were fired by the publisher121 (Jaworowski, 2007). But, this is just what Luterbacher et al (2016) also
state  “reconstructions  indicate  that  the  mean  20th  century  European  summer  temperature  was  not  significantly
different from some earlier centuries, including the 1st, 2nd, 8th and 10th centuries CE. The 1st century (in BHM also the
10th century) may even have been slightly warmer than the 20th century”. Don't shoot the messenger, it will change
nothing to the facts. Another very comprehensive companion paper of Soon and Baliunas (2003) is Soon et al. (2003).

Broadening the time window, to prepare the transition to the next section and the Holocene, it should be noticed that
the  Atlantic  optimum  happened  just  before  the  neo-glacial  started  (figure  35),  and  is  known  from  forests
reconstructions and palynological studies (Kalis et al., 2003; Marquer et al., 2014, 2017; Roberts et al., 2018; Zanon et
al., 2018). It dates back to the 4th millennium B.C. and shows that a mixed forest of oak, hazelnut, alder and linden
trees covered the whole of northwestern Europe at that time. Although it is not easy to determine by how much the
average temperature of that time could exceed the present one (after LIA), one thing is certain, the characteristic plant
associations of that period could never reappear again. Comparing, over the entire Holocene, forests extension and the
observed associations of vegetation gives a reasonable clue to whether the Holocene Climatic Optimum (HCO) was
higher than now and by how much. With respect to vegetation and forest extension, Marquer et al. (2017) state that
"The overall results indicate that climate is the major driver of vegetation when the Holocene is considered as a whole
and at the sub-continental scale, although land use is important regionally". Then Kalis et al. (2003) Fig. 12 p. 14-15, can
be used to see how the forests extension has kept decreasing since the HCO. We are nowadays very far from the
optimum of the HCO either in terms of extension or in terms in associations (species / groups not found any longer as
requiring  a  warmer  environment).  Of  course  the  very  final  decrease  in  extension  is  linked  to  anthropogenic
deforestation but the trend started 6000 years ago and the message given by association changes is unequivocal.
Current modern warming is colder than the HCO by far, this is going to be addressed in detail in the next section, see
also section “Why a Warmer World is a Better Place to Live“ p. 372.

121https://en.wikipedia.org/wiki/Soon_and_Baliunas_controversy 
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The last 12,000 years, brief overview of the Holocene

When one extends the horizon back to 12,000 years, really nothing in geological terms, remarkable surprises already
await the reader. The bigger picture is that the 100,000 year glacial and 12,000 year interglacial cycles have alternated
for over 600,000 years. This is what leads Nicholson et al. (2006) to state “A fundamental goal of Earth science is to
understand the remarkable instability of late Quaternary global climate prior to the beginning of the Holocene, about
11,000 years ago. This unusual climate behavior was characterized by millennial-scale climate oscillations on suborbital
timescales,  and  a  distinctive  `Sawtooth'  pattern  of  very  abrupt  glacial  and  stadial  terminations  (within  decades)
followed by more gradual global cooling (Dansgaard et al., 1993). The fact that both major (glacial) and minor (stadial)
cooling periods in Earth's climate were terminated by similar abrupt warming episodes suggests a common mechanism
driving such rapid changes in global climate”.

Figure 32. Departure of summer temperature (°C) from modern values for the Holocene climatic optimum optimum (5000 to 6000
years BP) as per Borzenkova and Zubakov (1984), (Budyko and Izrael, 1987) after Folland et al. (1990).

The beginning of the Holocene is by convention fixed at 11,700 BP (Before Present, that is before 1950) or 9,750 BC: it is
also the beginning of the current interglacial. Temperatures during the Holocene Climatic Optimum (HCO) between
8,000 years and 6,000 years before the present were up to 3°-5°C higher than now (Borzenkova and Zubakov, 1984;
Ramos-Román et al., 2018) as well visible on the Figure 32.

Around 6000 BCE the summer insolation at 65 ° N was say 40 W/m² stronger than the current one but the average
annual  insolation (at  the top of  the atmosphere)  not  much different.  Arctic  summer temperatures  a few degrees
higher122 reduced the contrast with the tropical zone; the high subtropical pressures which translate this contrast and
limit the extension of the monsoon towards the north were much less, from where, in the north of the current African
Sahel, precipitations of 300 mm higher than the current ones and a Sahara covered with lakes with crocodiles and
hippos, this is the “Green Sahara” episode. But before addressing this extraordinary change, there is an even more
recent and dramatic event that lead to the fall of an empire, i.e.  the Akkadian Empire in Mesopotamia.

The story of the synchronous collapse of the Akkadian Empire in Mesopotamia, the Old Kingdom in Egypt and Early
Bronze Age settlements in Anatolia, the Aegean and the Levant tells us that climate change keeps happening and does
not need mankind to show how whimsical climatic conditions can be (Weiss, 2016; 2017a-b). Weiss has directed the
Yale  University  Tell  Leilan123 Project's  excavations  and  surveys  in  northeastern  Syria  since  1978.  His  most  recent
contributions demonstrates that abrupt, century-scale, climate changes altered the fate of prehistoric and ancient West
Asian societies, such as the abrupt climate change 4,200 years before present referred to as «4.2 ka BP mega-drought»
that  reduced agricultural  production in  northern Mesopotamia,  forced regional  abandonment,  disrupted Akkadian
imperial revenues, and thereby lead to the political collapse in southern Mesopotamia. 

122Summer insolation at 65 ° N of a few tens of W / m² higher than the current were due to the fact that the perihelion was then in
July and not in January.

123https://leilan.yale.edu/publications/all
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Weiss  and  his  colleagues  discovered  evidence  in  northern  Syria  that  this  once  prosperous  region  was  suddenly
abandoned around 4,200 years ago, as indicated by a lack of pottery and other archaeological remains. Instead, the rich
soils of earlier periods were replaced by large amounts of wind-blown dust and sand, suggesting the onset of drought
conditions. Weiss (2016) explains that «Decadal to century-scale mega-droughts are a recently discovered but now well-
documented feature of the Holocene. A major and much-discussed example is the abrupt global  megadrought and
cooling at ca. 4.2-3.9 ka BP (2200-1900 BC)».

This hypothesis is now confirmed by a study by Carolin et al. (2019) and reported by Ersek (2020) after an analysis of
the stalagmites and stalactites found in the Gol-e-Zard Cave (Iran). The cave lies in the shadow of Mount Damavand,
which at more than 5,000 meters dominates the landscape of northern Iran. In this cave, stalagmites and stalactites are
growing slowly over millennia and preserve in them clues about past climate events. Changes in stalagmite chemistry
from this cave have now linked the collapse of the Akkadian Empire to the «4.2 ka BP mega-drought» event described
by Weiss. In  fact,  the Gol-e-Zard  stalagmites  can be used as an indicator  of  dustiness  at  the surface,  with  higher
magnesium concentrations indicating dustier periods, and by extension drier conditions. Ersek (2020) reports that «The
stalagmites have the additional advantage that they can be dated very precisely using uranium-thorium chronology.
Combining these methods, our new study provides a detailed history of dustiness in the area, and identifies two major
drought periods which started 4,510 and 4,260 years ago, and lasted 110 and 290 years respectively. The latter event
occurs precisely at the time of the Akkadian Empire’s collapse and provides a strong argument that climate change was
at least in part responsible». The collapse of the Akkadian Empire in Mesopotamia was followed by mass migration
from north to south which was met with resistance by the local populations. A 180km wall known as the “Repeller of
the Amorites” was even built between the Tigris and Euphrates in an effort to control immigration.

The origin of the 4.2 kyr event is clearly not related in any manner to changes in the composition of the atmosphere
and some researchers simply honestly state that it remains poorly understood (Javier, 2017f; Geirsdóttir et al., 2019).
Probable causes have been searched and volcanism was proposed by Antoniades et al. (2018) - though there is some
mismatch in the concordance with the Deception Island’s caldera collapse that occurred at 3980±125 yrs - or a link with
the millennial scale variability in the Atlantic Meridional Overturning Circulation124 (AMOC) and / or the sub-polar gyre,
e.g. (Risebrobakken et al., 2011) may provide for a better explanation as it accounts for the similarity in the timing of
other cool events at higher latitudes in the Northern Hemisphere. Risebrobakken et al. (2011) state “The maximum in
oceanic heat transport at 10 ka BP occurred due to a major reorganization of the Atlantic Ocean circulation, entailing
strong and deep rejuvenation of the Atlantic Meridional Overturning Circulation, combined with changes in the North
Atlantic gyre dynamic causing enhanced transport of heat and salt into the Nordic Seas”. Courty et al.  (2008) state
another hypothesis “The detailed study of soils and archaeological records provided evidence to re-interpret the 4 kyr
BP dust event linked rather to the fall-back of an impact-ejecta, but not climate change”, though as from our viewpoint,
it is just another form of... climate change!

Just before the fall of the Akkadian Empire happened, probably the most intriguing climatic change over the last 12,000
years is the «Green Sahara» (deMenocal and Tierney, 2012), (deMenocal, 2015). Of course, one must be struck by the
fact that this a massive change occurring over a short period of time and recently enough in mankind history to enable
transmission through oral tradition and later by Herodotus in 440 BC (often referred to as "The Father of History," a
title first conferred on him by the first-century BC Roman orator Cicero) and Strabon in 23 AD who discussed the
existence of a greener Sahara, although their reports were at first questioned owing to their anecdotal nature. This
should  remind  us  that  climate  changes,  has  always  done  so,  on  short  timescales  and also  over  geological  times.
Humankind has had no influence on that matter of fact and the best we can do is to adapt ourselves, as a species, to
these changes. Thinking that CO2 controls the climate is more than questionable its is simply dubious, that one 100 ppm
increase of that trace gas is a game changer is devoid of scientific substance and furthermore a sin of egocentricity, of
bloated pride.

«The humid period began about 14,600–14,500 years ago at the end of Heinrich 125 event 1,  simultaneously  to the
Bølling-Allerød warming. Rivers and lakes such as Lake Chad formed or expanded, glaciers grew on Mount Kilimanjaro
and the Sahara retreated. Two major dry fluctuations occurred; during the Younger Dryas and the short 8.2 kilo-year
event. The African humid period ended 6,000–5,000 years ago during the Piora Oscillation cold period. While some

124https://en.wikipedia.org/wiki/Atlantic_meridional_overturning_circulation 
125A Heinrich event happens when large groups of icebergs break off from glaciers and traverse the North Atlantic. They occurred

during five of the last seven glacial periods over the past 640,000 years. https://en.wikipedia.org/wiki/Heinrich_event 
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evidence points to an end 5,500 years ago, in the Sahel, Arabia and East Africa the period appears to have taken place
in several steps»126

Figure 33. Departure of annual precipitations from modern values for the Holocene climatic optimum optimum (5000 to 6000 years
BP) as per Borzenkova and Zubakov (1984), (Budyko and Izrael, 1987) after Folland et al. (1990).

The African humid period has been explained by increased insolation during Northern Hemisphere summer, as detailed
by Shanahan et al. (2015) «During the African Humid Period about 14,800 to 5,500 years ago, changes in incoming solar
radiation during Northern Hemisphere summers led to the large-scale expansion and subsequent collapse of the African
monsoon».

Due to precession, the season at which Earth passes closest to the Sun on its elliptical orbit (i.e. the perihelion) changes,
with  maximum summer  insolation  occurring  when  this  happens  during  Northern  Hemisphere  summer,  this  was
described by deMenocal et al. (2000a) «Orbital variations cause changes in the seasonal distribution of incident solar
radiation, and resulting changes in summer season insolation affect the strength of the summer monsoon» and later
revisited by Liu and Shi (2009) who established that «Since the early 1980s, more and more observed evidence and
simulated results, especially the absolute-dated stalagmite records and orbital-scale transient model runs in the last few
years, have indicated that the quasi-20ka period in the Quaternary monsoon climate change is caused by precession».

Between 11,000 and 10,000 years ago, Earth passed through the perihelion at the time of summer solstice increasing
the amount of solar radiation by about 8% as deMenocal et al (2000a) acknowledge that «The early Holocene greening
of  North  Africa  has  been linked  to an  intensification  of  the  African monsoon  due  to  earth  orbital  changes  which
increased summer season insolation forcing of the African monsoon. By 10-11 cal. ka BP, summer insolation in the
Northern Hemisphere had risen to peak levels approximately 8% greater than today due to earth's orbital precession
which gradually aligned the boreal summer solstice with perihelion (Berger and Loutre, 1991)». Take notice that the
original paper from Berger and Loutre, with all calculations was as early as 1991.

This increase of the solar radiation by up to 8% results in the African monsoon becoming both stronger and reaching
farther North (deMenocal, 2015), see Figure 34. Summer insolation was at least 4% higher than today between 15,000
and 5,000 years ago (McGee and deMenocal, 2017). Veyres (2020d) estimates that « the average temperature should,
from 9000 years to 5500 years before the present (that is to say -7050 to -3550) be at least 2°C higher than the current
one: it was the time of the wet Sahara strewn until in the Tropic of large lakes with crocodiles and hippos. There was
then no arid zone outside southern Tunisia and Sinai; the current deserts were game eaters steppes as shown by the
rock images of Tassili;  pharaohs would have hunted the hippopotamus in Syria still  around -1200 (3150 BP). Arctic
temperatures  a  few  degrees  higher  in  summer  reduced  the  contrast  with  the  tropical  zone;  the  high  subtropical
pressures which limit the extension of the monsoon towards the north, and which are the expression of this contrast,
were much less, p. 38».

Can we have a more mind boggling climate change example that this Green Sahara story? 

126Excerpt from https://en.wikipedia.org/wiki/African_humid_period
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Figure 34. Based on multiple climate proxy time series, the transition from a) Holocene Climatic Optimum to b) Neoglaciation. The
climate patterns changed at the Mid-Holocene Transition (see Figure 35) due to orbitally-driven changes in insolation and
a shift from solar to atmospheric-oceanic frequencies leading to the shift of the Inter-Tropical Convergence Zone (ITCZ)
and led to the end of the Green-Sahara period, after Wanner and Brönnimann (2012). Source: Javier Vinós127.

This shift of the ITCZ also explains the collapse of the mangrove ecosystems along the coastline of Oman (Decker et al.,
2020). Confirming results have also been obtained by studying the δ18O variations of a stalagmite in the Dongge Cave,
located in southern China which reflect the changes of the in-situ precipitations and therefore of the strength of the
Asian Monsoon. The conclusions by Wang, Y., et al. (2005) are that “the broad decline in AM intensity through the latter
part of the Holocene correlates well  with other northern low-latitude records and results directly from the orbitally
induced lowering of summer insolation affecting ITCZ position and low-latitude precipitation patterns. Thus, changes in
the Holocene AM result  from a number of factors,  including orbitally  induced insolation changes,  changes  in solar
output, and changes in oceanic and atmospheric circulation”. This is in fact a good summary of what has made the
climate over the last  11,700 BP, the natural variability of which during the Holocene has by far exceeded the modern
observations.

Taking a broader picture and backtracking to the beginning of the Holocene, we can find a number of events of the LIA-
type (Figure  31). The LIA is not a special period, but part of a recurring phenomenon that due to the progressive
neoglacial cooling of the planet just happened to be the last and more remarkable cooling period. Every one of those
Holocene cooling events (Andersen et al., 2004) are reflected in Bond Ice-Rafting Debris 128 (IRD) records (Bond et al.,
1992;  2001),  associated  with  a  strong  minimum in  solar  activity  (Haigh,  2001),  and  have  had  a  recovery  period
characterized by warming and a reversion of changes over a period of 2-3 centuries. Essentially, Holocene LIA-type of
events terminate because the causes that originated them end. And the main coincidence factor for most of these type
of events is prolonged low solar activity manifested in the presence of a large minimum or of a cluster of grand solar
minima. Even though changes in Total Solar Irradiation (TSI) are small and have led to dismiss or minimize the role
played by the Sun we have a strong correlation and clearly solar variability affects climate through non-linear responses

127https://figshare.com/authors/Javier_Vin_s/6370913 Javier Vinós's public data
128These IRDs consist of glass particles which originate from volcanic eruptions in Iceland. They are accumulated by glaciers moving

towards the coast where they break up into icebergs drifting southwards carrying the particles. During the melting of the iceberg,
the particles are released, sink to the bottom, and are incorporated into the sediment. The distance an iceberg can drift south
before melting depends on the prevailing climate conditions. Therefore,  the cooling episodes precede the main phase of ice-
rafted detritus deposition.
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to be better determined (Soon et al., 2015). The LIA is well represented in hundreds of proxies of very different nature
and more importantly is not a unique event, it is part of an Holocene collection of cold events that are well registered in
North Atlantic ice-rafted petrological detritus, i.e. Bond events (Bond et al., 1992). LIA is just the latest and the coldest
of them, well visible for example on Figure 3 of the temperature reconstruction provided by Hegerl et al. (2007). In a
comment made about an article written by Andrews (2018), Javier provided an extended explanation with respect to
the factors that make LIA-type events come to an end. “These LIA type of events, like the 2.7, 5.2, 9.3, or 10.2 kyr
events, are generally associated to low solar activity reflected in cosmogenic records. When solar activity declines, there
is  a  change  in  winter  circulation  in  both  hemispheres  due  to  changes  in  stratospheric  temperature  and  pressure
gradients between the equator and the poles in the dark hemisphere”. During low-solar-activity winters atmospheric
circulation changes due to a stronger activation of  the meridional  circulation. The change in Atmospheric Angular
Momentum (AAM) associated to low solar activity is reflected in the small acceleration in the Earth’s rotation speed
that takes place (Lambeck and Cazenave, 1976). This atmospheric circulation change produces a disorganization of the
polar vortex and a more meandering jet stream. The Arctic climate and Greenland in particular become warmer thanks
to an an easterly zonal wind anomaly (Roy, 2018a), while high latitudes in the Northern Hemisphere become colder and
there is more frequent winter blocking conditions. The Arctic Oscillation and the North Atlantic Oscillation become
predominantly negative. Under these atmospheric conditions more heat is transported to the poles and radiated to
space so the planet cools. But at certain times solar activity becomes so low that it enters a different state and gets
stuck in a low mode that is known as a solar grand minimum. For years and decades every winter has low solar activity.

Figure 35. Holocene climate reconstruction from Javier (2017c) “Major palinological subdivisions of the Holocene (names on top)
match a 2450-yr regular spacing (grey arches  on top).  (a)  The global  temperature  reconstruction  has  been rescaled
resulting in the Holocene Climate Optimum being about 1.2°K warmer than LIA (b) The general temperature trend of the
Holocene follows the Earth’s axis obliquity (purple), and significant downside deviations generally match the lows of the
≈2400-year Bray cycle of solar activity (grey bands labeled B-1 to B-5). (c) Significant negative climate deviations manifest
also in global glacier advances - blue bars, Mayewski et al. (2004) and (d) strong increases in iceberg detrital discharges
(red curve, inverted) Bond et al. (1992; 2001) that generally agree well with the lows in the ≈2400-year Bray cycle and
≈1000-year Eddy cycle (not shown) of solar activity”, Source: Javier (2017c).

Over  time  the  polar  cell  expands,  while  the  Hadley  cell  contracts,  and  overall  wind  circulation  strengthens  with
associated increase in storminess and decrease in sea surface temperatures due to more active vertical mixing. At the
same  time  zonal  wind  circulation  becomes  weaker.  Javier  adds  “The  Westerlies  become  weaker  so  there  is  less
contribution  from  the  Sub-polar  Gyre129 current  to  the  North  Atlantic  Current  branch  of  the  Atlantic  Meridional
Overturning Circulation. The North Atlantic Current becomes warmer due to less contribution from polar waters and
brings more humidity to Scandinavia increasing winter snow precipitation and causing glacier growth. The European

129In oceanography, a gyre is any large system of circulating ocean currents, particularly those involved with large wind movements.
Gyres are caused by the Coriolis effect;  planetary vorticity,  horizontal  friction and vertical friction determine the circulatory
patterns from the wind stress curl (torque). A subpolar gyre, is an area of cyclonic ocean circulation that sits beneath a persistent
region of low atmospheric pressure. In contrast to subtropical gyres, the movement of ocean water within the Ekman layer of
sub-polar gyres forces upwelling and surface water divergence.
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storm track takes a more southerly path due to weaker Westerlies and North and Central Europe become drier and
colder, while Southern Europe remains warm and becomes wetter”.

Glaciers  in  the Alps  grow due to  an  increase  in  winter  precipitation.  Due to  the asymmetry  in  continental  mass
distribution,  the  Northern  Hemisphere  wind  regime  is  more  sensitive  to  low  solar  activity  than  the  Southern
Hemisphere. This is reflected in the semi-annual component of the changes in length-of-day (Earth rotation speed
measurement) that shows a much stronger winter peak for the Southern Hemisphere (Le Mouël et al., 2010). The result
is  that  the climatic  effects  of  low solar  activity  are  stronger  in  the Northern Hemisphere,  and the LIA was  more
prominent in that hemisphere. Alpine glaciers decreased rapidly after solar activity increased because winter storms
took a more northerly path and it  snowed less in  the winter.  The LIA ended because solar activity recovered and
volcanic activity decreased. Atmospheric circulation has been slowly returning to a high solar activity state for the last
200 years. Hadley cell has been expanding (tropics expand), and Polar cell has been contracting. But reference is made
to the effect on climate of direct solar variability, not necessarily of cosmic rays.

The Laschamps event130 about 41,400±2000 years ago was a geomagnetic event (Bonhommet and Zähringer, 1969),
(Nowaczyk et al., 2012), that resulted in a huge amount of cosmic rays arriving to the Earth over several hundred years,
but was for long only considered as associated to a weak climate response until a recent study by Cooper et al. (2021)
demonstrated that it triggered substantial changes in atmospheric ozone concentration and circulation and that this
explains  synchronous global  climate and environmental  changes (AAAS,  2021).  This  proves that  geomagnetic  field
fluctuations can affect atmospheric temperature and circulation on a global scale. In fact, this should not come as a
surprise as it was already easily visible in Kaiser et al. (2005) reconstructions for example (Figure 3) with a visible drop
of Sea Surface Temperatures (SSTs) at 41 kyr. Furthermore, the interplay of geomagnetism and solar wind (Badruddin
and Aslam, 2013) is probably considerably under-evaluated as a powerful climate driver as is the Sun's variability which
went during this 42 kyr event through several Maunder type grand solar minima, the solar activity not only being much
lower but also more unstable (Fogwill et al., 2021). Who believes in the “solar constant” being constant? Discovering
the natural factors which have driven climate-change over all time-scales is key to understanding the Earth system and
a preliminary  requirement to any claim of foolish man-made attribution of the observed phenomena.

The five following main periods can be identified on Figure 35:
� Pre-Boreal: 11,500 – 10,500 yr BP. Cool and sub-arctic;
� Boreal: 10,500 – 7,800 yr BP. Warm and dry;
� Atlantic: 7,800 – 5,700 yr BP. Warmest and wet;
� Sub-Boreal: 5,700 – 2,600 yr BP. Warm and dry;
� Sub-Atlantic: 2,600 – 0 yr BP. Cool and wet.

The transition from Sub-Boreal to Sub-Atlantic took place at the end of the Bronze Age. Rutger Sernander 131 proposed
that this climatic change was abrupt, even a catastrophe that he identified with the Fimbulwinter of the Sagas. As
summarized  by Javier  (2017b;  2017c)  “Holocene  climate  is  characterized  by  two initial  millennia  of  fast  warming
followed by four millennia of higher temperatures and humidity, and a progressively accelerating cooling and drying for
the past six millennia. These changes are driven by variations in the obliquity of the Earth’s axis. The four millennia of
warmer temperatures are called the Holocene Climatic Optimum which was 1-2°C warmer than the Little Ice Age. This
climatic optimum was when global  glaciers reached their minimum extent. The Mid-Holocene Transition, caused by
orbital variations, brought a change in climatic mode, from solar to oceanic dominated forcing. This transition displaced
the climatic equator, ended the African Humid Period and increased El Niño activity.”

As far as glacier are concerned, there are evidences that at the Holocene Climatic Optimum132 (HCO) glaciers were
globally more reduced than now and there was much less sea ice in the Arctic (Porter et al., 2019). Joerin et al. (2006)

130https://en.wikipedia.org/wiki/Laschamp_event a short reversal of the Earth's magnetic field; the period of reversed magnetic
field was approximately 440 years, the transition from the normal field lasting approximately 250 years. The reversed field was
75%  weaker,  whereas  the  strength  dropped  to  only  5%  of  the  current  strength  during  the  transition.  This  reduction  in
geomagnetic  field strength  resulted in more cosmic rays  reaching the Earth,  causing greater  production  of  the cosmogenic
isotopes beryllium 10 and carbon 14. As reported by Nowaczyk et al. (2012) “The central, fully reversed phase of the Laschamp
excursion is bracketed by virtual geomagnetic pole (VGP) excursions to the Sargasso Sea (41.9 ka) and to the Labrador Sea
(39.6ka)”

131https://en.wikipedia.org/wiki/Rutger_Sernander Swedish botanist, geologist and archaeologist. He was one of the founders of
the study of palynology which would later be developed by Lennart von Post.

132HCO was a warm period during roughly the interval 9,000 to 5,000 years BP, with a thermal maximum around 8000 years BP.
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suggest that in the time of the Roman Empire, they were smaller than today and 7,000 years ago they probably weren’t
around at all. Joerin and a colleague are standing in front of the Tschierva Glacier in Engadin, Switzerland at 2,200
meters (7,217 feet) "A few thousand years ago, there were no glaciers here at all" he says. "Back then we would have
been standing in the middle of a forest." He digs into the ground with his mountain boot until something dark appears:
an old tree trunk, covered in ice, polished by water and almost black with humidity. "And here is the proof" says Joerin.
As explained in Joerin et al. (2006) “A comparison with other archives and dated glacier advances suggests 12 major
recession periods occurring at 9850-9600, 9300-8650, 8550-8050, 7700-7550, 7450-6550, 6150-5950, 5700-5500, 5200-
4400, 4300-3400, 2800-2700, 2150-1850, 1400-1200 cal. yr BP.“ and “The radiocarbon ages of tree fragments and peat
discs found on proglacial fore-fields indicate 12 phases of glacier recessions during the Holocene. Locations and type of
occurrence of the dated samples show that trees and mires grew where glaciers exist at present and, therefore, glaciers
were  smaller  at  that  time”.  Finally,  Joerin  et  al.  (2006)  conclude  “As  a  result,  it  is  suggested  that  major  glacier
fluctuations  occurred  on  a  multi-centennial  scale  and  that  their  pattern  changed  from  long  recessions  (>500  yr)
interrupted  by  short  advances  (<200  yr)  during  the  early  Holocene  to  the  opposite  pattern  with  relatively  short
recessions and prolonged advances during the late Holocene (after 3.3 cal. kyr BP)”. These patterns match very well
with the two distinct Holocene periods identified by Javier (2017b; 2017c), six millennia of warm and humid weather
followed six millenia of accelerating cooling and drying. According to Holzhauser et al. (2005), the Aletsch Glacier was
one kilometer shorter than it is today between 3300 and 3200 years BP (Minoan warm period).

Yes, climate change happens naturally and can have very adverse effect on societies and mankind, but it does not need
any  help  from  us  to  show  its  rather  unpredictable  and  freakish  temperament.  Sometimes,  change  can  happen
extremely rapidly as it did for the  ‘8.2 ka Cold Event’ (Alley et al., 1997). The ‘8.2 ka cold event’ visible on Figure 35 is
remarkable because of it brutality and was first identified from changes in oxygen isotope composition in ice cores from
the Summit site in Greenland133. The decrease in air temperature during this event has been estimated at -6 ± 2 °C in
central Greenland (Allen et al. 2007). The duration of the entire cold event was about 160.5 ± 5.5 years, the coldest
phase occurring at 69 ± 2 years (Thomas et al. 2007). A drop in air temperature of -3 ± 1.1°C occurred within less than
20  years.  “Most  studies  relate  this  cooling  and  other  cooling  events  in  the  past  13,000  years  to  changes  in  the
circulation of surface and deep water in the North Atlantic Ocean driven by melt water from the continental ice sheets ”
(Borzenkova et  al.,  2015).  It  is  worthwhile noting that  in  contrast  to CO2 reconstructions based on ice cores from
Antarctica, the study of the stomatal frequency corroborates a clear correlation between temperature and CO 2. Wagner
et al. (2002) state “Stomatal frequency analysis of fossil birch leaves from lake deposits in Denmark reveals a century-
scale CO2 change during the prominent Holocene cooling event that occurred in the North Atlantic region between
8,400 and 8,100 years B.P. Results indicate a global CO2 decline of #25 ppm by volume over ≈300 years”.

Clark et al. (2001; 2002) assumed that freshening of the sea surface layer of the North Atlantic Ocean not only disturbed
the circulation in the surface layer but also hindered the formation of deep water, thus affecting the intensity and
position of the Atlantic ‘conveyor belt’ itself, i.e. the general thermo-haline circulation134. “A leading hypothesis about
the origin of the large and abrupt fluctuations in high-latitude climate on millennial time scales invokes changes in the
rate  of  formation  of  North  Atlantic  Deep  Water  (NADW)  and  their  attendant  effect  on  oceanic  heat  transport.
Numerous modeling studies demonstrate that the Atlantic thermohaline circulation (THC) is sensitive to the freshwater
budget at the sites of deepwater formation: Increased freshwater flux to the North Atlantic decreases the formation of
deep water, thereby reducing meridional heat transport, which causes cooling of the high latitudes” (Clark et al., 2001).

It is further elaborated by Clark et al. (2002) that “abrupt climate change during the last glaciation originated through
changes in the Atlantic thermohaline circulation in response to small changes in the hydrological cycle”. This increase in
freshwater  supply  in  the  North  Atlantic  is  most  commonly,  but  not  only,  attributed  to  the  final  stages  of  the
deglaciation of the Laurentide and Scandinavian ice sheets (Borzenkova et al.,  2015).  One can further notice,  that
atmospheric and oceanic responses following these hydrological changes were then transmitted globally and led to
abrupt climate changes with no relationship whatsoever with GHGs concentrations. As Bond et al. (2001) observed,
solar  influence on the  Holocene was  a  major  factor  explaining  climate  variability  and  should  be further  explored
“Surface winds  and surface ocean hydrography in the sub-polar  North Atlantic  appear  to have been influenced by
variations in solar output through the entire Holocene. The evidence comes from a close correlation between inferred

133Notice that Stomata are small orifices that allow gas exchanges for plants. Their number and size are an indicator of the CO2

level.  The values delivered by the ice  archives  are  smoothed by  a  low-pass  filter (due to the firnification  process,  see the
explanation  starting  at  the bottom of  p.  188)  and are  much lower  (260 ppm) than the values deduced from the stomata
(330ppm) and given, e.g. by Wagner et al. (2002). Non only using the ice-core archives leads to systematically underestimate the
CO2 but it also erases peaks and troughs. This should be kept in mind when only dealing with ice-core records.

134https://en.wikipedia.org/wiki/Thermohaline_circulation 
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changes in production rates of the cosmogenic nucleides carbon-14 and beryllium-10 and centennial to millennial time
scale changes in proxies of drift ice measured in deep-sea sediment cores. A solar forcing mechanisms therefore may
underlie at least the Holocene segment of the North Atlantic's "1500-year" cycle”. Furthermore, it should be noted that
the observed climate variation on century-to-millennia timescales during the Holocene is not reflected in atmospheric
carbon dioxide levels as reported by Svensmark (2020) : “according to ice-core data, these have been relatively constant
(Indermühle et al., 1999). It is therefore unlikely that variations in carbon dioxide concentration have had any influence
on the climate variability on these timescales”.  By means of the micro-paleontological study of coccoliths (which are
individual plates of calcium carbonate formed by coccolithophores), Giraudeau et al. (2000) could retrace the changes
in  properties  of  surface  waters  south  of  Iceland  during  the  entirety  of  the  Holocene,  and  monitored  long-term
reorganizations of the surface hydrology and interpreted them “as the response of the North Atlantic to the combined
force of the solar insolation and the waning Laurentide ice sheet”. Slightly deviating from other circulation patterns and
temperature  records  for  reasons  they  consider,  Giraudeau  et  al.  (2000)  observe  that  the  “period  of  culminating
warming over the Gardar drift is dated from our record at 6.5 ka. This episode is marked by maximum surface salinity of
the IC135 west and south of Iceland and by SST 2-3°C warmer than present within the main flow of the NAD 136 [48] as well
as throughout the high latitude North Atlantic”.

So the question one can raise now is where do we stand with respect to the current interglacial, the Holocene. To try to
answer that question, one must observe that the majority of interglacials of the past 800 kyr are the product of very
similar orbital and ice-volume conditions and present a common pattern with respect to their position in the obliquity
cycle which is the leading influential parameter as represented on Figure  36 and explained by Huybers and Wunsch
(2005) and Huybers (2011). The Holocene interglacial is the result of similar conditions, and belongs to this group.
Nearly all exceptions can be explained in terms of particular orbital and ice volume conditions that do not apply to the
Holocene. When northern insolation is declining at its fastest pace, the interglacial enters a phase of slowly declining
temperature (≈-0.2°C/millennium) and the Holocene has been clearly at this stage since ≈ 5000 BP and this condition,
termed Neoglaciation, is well visible and identified as such on Figure 35. When northern summer insolation becomes
low, and obliquity is at its fastest rate of decline, the interglacial reaches glacial inception. This tipping point appears to
take place during solar minimum paced by a Bray cycle leading to a cold period when due to the start of ice-sheet build
up, sea-level starts dropping. The intensification of ice-albedo and vegetation feedbacks result in a point of no return.
As rightfully stressed by Javier (2018d) “During the past 2.3 million years no interglacial has been able to continue from
one obliquity oscillation to the next. Low obliquity conditions have always led to the end of the interglacial ”. In fact, the
situation is even worse as the Earth as been cold enough no to enable to an interglacial to happen for each favorable
period of the obliquity cycle, far from it, most of the time skipping one opportunity, but sometimes skipping even two!

Figure 36. Interglacial start and end dates (triangles) relative to the obliquity maximum. Light grey area indicates interglacial start
for all  interglacials except MIS 7e and MIS 11c that had an anomalous length due to starting too late and too early
respectively in the obliquity cycle. Dark grey area indicates interglacial end for all interglacials. Circles indicate start and
end of a typical interglacial with average 13.8 kyr length. Interglacials start when obliquity is high and end when obliquity
is low. Source: Javier (2018d).

Glaciation and deglaciation seem to be rather asymmetrical processes, the first appears to be a slow and degenerative
process where conditions progressively worsen and that takes almost 15,000 years, whereas the deglaciation appears
as a response to a trigger whereby a climatic impulsion produces a faster change of state and does not extend over

135Irminger Current
136North Atlantic Drift
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5,000 years “Ice sheets tend to collapse in response to unusually large maxima in insolation forcing that result from the
coincidence of high obliquity and alignment of perihelion with Northern Hemisphere summer solstice” (Huybers, 2011).
More precisely, details in the timing may vary slightly but obliquity remains the trigger “Here I show that both obliquity
and precession pace late Pleistocene glacial cycles. Therefore, precession will tend to influence the precise timing of a
deglaciation within an obliquity cycle, but obliquity will more fundamentally govern the interval between deglaciations”
(Huybers, 2011). While Lewis & Curry (2018) consider that with an estimated ECS of 1.5°C, CO2 contribution to the
glacial-interglacial temperature change would be relatively minor (~ 15%) we rather consider that CO 2 plays almost no
role whatsoever and its concentration just fluctuates as a lag to the temperature like a retarded thermometer.

The prevalent view is according to Berger and Loutre (2002) that the Holocene has a long way to run and that CO2 levels
are too high to enable a glacial inception (IPCC, AR5, 5.8.3, 2013) and I would confess that I am surprised to notice that
astronomers in the particular case mentioned have given more credence to the “magic” properties of a trace gas than
to the long history of proven orbitally-driven glacial-interglacial cycles observed. This relies on several assumptions that
have led to propose models that rest on several weak assumptions: the first is that climate has a high sensitivity to CO 2

levels,  which  is  pure conjecture  (such models  produce an average of  3°C per a  doubling of  CO2),  and the second
supposes that CO2 levels remain elevated for tens of thousands of years after the anthropogenic pulse, which based on
what we saw is just plain wrong for it is already now erroneous because the anthropogenic [CO 2] is just 6% of the total
[CO2] as we have easily demonstrated before and the residence time of any CO 2  molecule is less than 6 years (most
probably 5). If, as we anticipate, climate has a low sensitivity to CO2, and the estimate by Lewis & Curry (2018) appears
to be a maximum (~1.5°C per doubling of CO2), and if [CO2] just follows the descent of the Neoglacial temperature as
per Henry's law and quickly reverse to pre-glacial values or simply to LIA values, the obliquity will resume its rights with
a vengeance, as summer energy will quickly decline below threshold values (Figure 37).

As displayed in Figure  36, a typical interglacial starts 2000 years before obliquity maximum, and 1000 years before
insolation maximum, and lasts 13,000 years, all on average. As reminded by Javier (2018d) “So far, the Holocene is
extraordinarily close to a typical interglacial in astronomical terms and length. Orbital configuration alone can explain
when interglacials start and end, while changes in CO2 levels cannot. Eemian glacial inception and the next 5000 years
of cooling took place under stable 270 ppm CO2 levels, indicating that glacial inception is responding to orbital changes,
not CO2 changes”. Climate shows some hysteresis to the astronomical signal and it is generally considered that the
response to the no-return obliquity trigger is ≈ 6000 years (Huybers, 2009; Donders et al., 2018) and therefore the
irreversible orbital decision is taken long before that the glacial stage settles in. The process is at first gradual, as the
temperature starts to decline, this is the Neoglacial in which the Holocene has already been for a long time (Sharapova
et al., 2008), and then one can identify a crossing point, beyond which there is no return back point. Therefore, as
explained by Javier (2018d) “Analysis of the orbital conditions that produce a glacial inception requires examining them
6000 years before the inflection point in the cooling rate at the end of the interglacial. Glacial inception does not take
place at 65°N, but at 70°N, where ice sheets start to grow (Birch et al., 2017ab). Examination of 70°N summer energy
(at  250  W/m2 threshold)  6000  years  before  glacial  inception  reveals  a  threshold  at  4.96  GJ/m2 when  the  glacial
inception orbital “decision” has already been taken for all previous interglacials”.

Figure 37. The “Orbital decision” to end an interglacial is calculated as a function of the summer energy at 70°N with a 250 W/m2

threshold for the past 800 kyr. Diamonds mark the position 6 kyr before glacial inception as observed in the EPICA Dome C
temperature proxy record for each interglacial except MIS 13. Dashed line marks the lowest value observed (4.96 GJ/m2).
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Six interglacials were very close to this value 6 kyr prior to glacial inception. The Holocene (MIS 1) is already below that
value. Source: Javier (2018d).

And here we go, the 4.96 GJ/m2 limit was crossed by the Holocene some 1500 years ago as displayed on Figure 37, and
one must acknowledge that whatever the CO2   levels that one may speculate on to avoid the return of a glacial the
orbital decision to end the Holocene has already been taken. By orbital considerations alone the Holocene doesn’t have
more than 4500 years left maximum before glacial inception, e.g. if it were to last as long as MIS 11c, but it could have
as little as 1,500 years left if it just runs as per the average interglacial of a 13.8 kyr average length. Javier (2018d) adds
“Between 1500-2500 years from now, there should be a period where two consecutive lows in the Eddy solar cycle
separated by a low in the Bray solar cycle are expected, defining a period similar to 8.4-7.1 kyr BP when eight solar
grand minima took place in rapid succession. 1500-2500 years from now looks like an excellent time for the next glacial
inception”.

If Berger and Loutre (2002), Archer and Ganopolski (2005) and IPCC mainstream authors are correct, which is extremely
doubtful as they all bet on the previous highly speculative assumptions, then the higher atmospheric CO2 content than
at previous glacial inceptions will allow for the first time in two million years the survival of an interglacial through an
obliquity minimum; in that case the Holocene should last for at least 50 kyr more. Not only will that be against all odds,
but supposes to defeat the obvious scenario Nature had planned to unfold. It will also be a landmark in a 800 kyr cycle
where obliquity had not been any longer powerful enough to enable an exit of the glacial era at each opportunity and
where most of the time Earth had to wait for one or two more opportunities before being given a chance to return to
livable  conditions,  i.e.  interglacial,  for  a  short  while  as  reminds  Huybers  (2011)  “Combined  orbital  pacing  is  also
consistent  with  earlier  findings  that  the  intervals  between  successive  deglaciations  cluster  into  80-kyr  or  120-kyr
periods, indicative of two or three obliquity cycles”, e.g. the Holocene MIS 1 (-11,700 years) was separated by 119.7 kyr
from previous glacial and had to skip two cycles before making it  for  good, MIS 5 (-131,400 years) 83.3 kyr from
previous, MIS 7c (-214,700 years) had to skip one cycle to succeed exiting the glacial lock-down.

Hard to know whether it is sad or funny to see the illuminated doom-sayers telling us that the world will stop turning if
we do not destroy our economies and industries by stopping the emissions of the satanic gas before 10 years latest and
to observe at the same time how benighted they are with respect to the unprecedented risk that the inception of the
next glaciation in 1,500-2,000 years will represent. Mankind survived the previous ones, with small nomadic tribes able
to easily relocate and search for milder tropical or equatorial conditions. But next time tens of billions of humans will
depend on a highly sophisticated and technological society that will be totally disrupted by an Ice Age, and that may
well in fact be totally wiped out.

As Hoyle and Wickramasinghe (2000) reminded us “Despite the great cost and effort that has gone into modelling the
terrestrial climate system our understanding of glacial cycles and their forcing mechanisms remains rudimentary to say
the least”. Let's give here the final word to Javier (2018d) “For the past 2 million years, when obliquity declined enough
a glacial period always followed. Obliquity is declining fast, and we should not have too much confidence on computer
models that tell us this time will be different”. The Holocene demonstrated that the climate over 12,000 years has been
changing considerably (Sarnthein et al., 1995; Giraudeau et al., 2000; Alley et al., 2003; Debret, 2008; Borzenkova et al.,
2015), mankind has gone through a roller-coaster of variable conditions just speaking of the last interglacial to which
we have had to adapt constantly to the best we could, climate changes which happened of course without any alleged
man-made responsibility. Shouldn’t we be more reasonable and just try to monitor and adapt to changes?

It does not seem to be what everybody thinks and some are ready to go as far as mad geo-engineering projects to
"mitigate" climate change. The Stratospheric Particle Injection for Climate Change137 (SPICE) in the UK involves pumping
water nearly one kilometer up into the atmosphere (thanks to stadium-size hydrogen balloon), or sulfates, to mimic the
atmosphere-cooling effects of volcanic eruptions, such as the Mount Pinatubo (1991) which sent 20 million tons of
sulfate particles into the air, cooling Earth by 0.5°C for 18 months ! Along the same line of thought and not envying
anything to the most demiurgic projects, those worried to the bones by 70 ppm of CO2 (6% of it being of anthropogenic
origin), are ready to envisage the alteration of cirrus clouds without frowning a second.

As it is generally accepted that cirrus clouds have a very little warming effect on the climate on balance as the reflected
sunlight should be slightly more than compensated by the absorption long-wave radiation, some authors have seriously
envisaged that cirrus cloud thinning, i.e. changing the radiative properties of cirrus clouds by reducing their lifetime and
the altitude at which they form, could present a geo-engineering possibility to thwart the minuscule positive radiative

137http://www.spice.ac.uk/ and https://en.wikipedia.org/wiki/Stratospheric_Particle_Injection_for_Climate_Engineering 
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effect  of  CO2.  Nevertheless,  frightened by their  own boldness  and using a  lot  of  conditional  tense,  Lohmann and
Gasparini (2017) assert “Unintended cirrus formation is especially pronounced if the seeded INPs138 start to nucleate ice
at very low relative humidities (2). Because of the competition of these various factors, the radiative forcing of cirrus
cloud seeding varies between –1.8 and +2.1 W m–2. Thus, if cirrus seeding is not done carefully,  the effect could be
additional warming rather than the intended cooling. The results from model studies of cirrus thinning suggest that
the perfect  seeding INPs  should be large and that  seeding  could be geographically  or  temporally  limited.  Bismuth
triiodide (BiI3) has been suggested as a nontoxic and affordable substance for cirrus seeding (6); other substances such
as mineral dust should work as well.”

Is all that a wise way of spending hard earned tax-payer monies? Isn’t it time to take a break of this climate change
hysteria and rethink it all?

138Ice Nucleating Particles (INPs)

114



The last 130,000 years,  the Phlegraean Fields & the Toba

During this period there are many major natural climate change events happening that are worth considering and we
cannot cover them all. Nevertheless, Figure 38 gives a snapshot of how leaving the Holocene (11,700 BP) we move very
quickly into the extremely cold Younger Dryas (Sarnthein et al., 1995), followed by the warm Bølling–Allerød event139

which offered temperatures close to the Holocene, and further past we enter the sequence of Dansgaard / Oeschger
events (Dansgaard  et al., 1993)  and Heinrich events (Heinrich, 1988) which have shaped this glacial period. The DO
events have a solar origin, and Braun et al. (2005) demonstrated that “an intermediate-complexity climate model with
glacial climate conditions simulates rapid climate shifts similar to the Dansgaard–Oeschger events with a spacing of
1,470 years when forced by periodic freshwater input into the North Atlantic Ocean in cycles of ~87 and ~210 years”.

Two major volcanic eruptions happened during this period. These will be addressed, one 39,300 yrs ago in the Northern
Hemisphere (NH)  and  another  super-eruption of  75,000 yrs  ago in  the Southern  Hemisphere (SH).  � The  Younger
Dryas140, around 12,900 to 11,700 years BP (Rasmussen et al., 2006) just before the Holocene started, was a return to
glacial conditions after the warm Bølling–Allerød DO1 event, which temporarily reversed the gradual climatic warming
after  the  Last  Glacial  Maximum  (LGM)  started  receding  around  20,000  BP.  It  is  named  after  the  alpine-tundra
wildflower  Dryas  octopetala,  as  its  leaves  are  occasionally  abundant  in  late  glacial  sediments,  such  as  the  lake
sediments  of  Scandinavia.  In  Greenland,  during the last  glacial  stage,  the rapid  oscillations of  the climate,  lasting
between a decade and the millennium, are memorized both in ice cores (Dansgaard et al, 1993), as in sea sediments
carrots (Heinrich, 1988). 

Figure 38. Succession of the Dansgaard / Oeschger events (numbers atop) in the Greenland glacial archives and the Heinrich events
(Hx below) in the marine sediments of the North Atlantic. The Bølling–Allerød event (DO 1) is well visible and followed by
the Younger Dryas - more details provided in Stuiver et al. (1995), Fig. 11, p. 348. The 8200 years event is recorded in
Greenland ice-cores and zoomed (left). The DO 19 ca. mentioned before at 70-71,000 BP is further right, out of scale of x-
axis (age); y-axis is δ18O141 a proxy for the temperature, from Debret (2008).

139The Bølling–Allerød interstadial was an abrupt warm and moist interstadial period that ran from 14,690 to 12,890 years BP and
ended abruptly with the onset of the Younger Dryas, a cold period that reduced temperatures back to near-glacial levels within a
decade. https://en.wikipedia.org/wiki/Bølling-Allerød_warming 

140https://en.wikipedia.org/wiki/Younger_Dryas –  With  a  brutal  +10±4°C  warming  to  end  the  cold  episode  (Grachev  and
Severinghaus, 2005)

141In geochemistry, paleoclimatology and paleoceanography δ18O data  from corals, foraminifera and ice cores have been used,
since Urey et al. (1951) as a proxy for temperature “Since the abundance of the O18 isotope in calcium carbonate varies with the
temperature  at  which  it  is  deposited  from water,  the  variation  in  abundance  can  be used  as  a  thermometer” :  see  for  an
introduction  https://en.wikipedia.org/wiki/  Δ18O  and   https://en.wikipedia.org/wiki/Oxygen_isotope_ratio_cycle.  Precursors
pioneering the use of isotopic compositions were Dansgaard (1964) and also Epstein and Sharp (1967) who analyzed oxygen and
hydrogen isotope variations in a firn core in Western Antarctica.
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These are called Dansgaard-Oeschger142 (DO) cycles and Heinrich events. Heinrich's events are the most imposing cold
events, occurring every 7,000 to 8,000 years. These events identified in the North Atlantic (between 40 and 60°N) result
in sudden and massive arrivals of coarse sand and debris transported by icebergs, i.e. Ice-Rafted Debris 143 (IRD). These
glacial cold events are induced by the response of the Atlantic Meridional Overturning Circulation (AMOC) to such
massive freshwater inputs coming from major ice sheet collapse events (IRD) and produce a southward displacement of
the Inter-Tropical Convergence Zone (ITCZ) during stadials (Guillevic et al.,  2014).  Furthermore, Stríkis  et al.  (2018)
demonstrate “that iceberg discharge in the western subtropical North Atlantic led to an abrupt increase in monsoon
precipitation  over  eastern  South  America  and an increase  in  atmospheric  methane  concentrations  during  Heinrich
Stadials”144.  During a typical DO event, the Greenland ice cores revealed rapid cooling (5-10 °C in a few centuries)
followed by very rapid warming (a few decades). These anomalies would have occurred approximately every 1500
years. They have also been observed in oceanic sediments. In Antarctica, at the same time, instead of cold episodes, we
find hot events called the Antarctic Isotope Maximum (AIM) events. The European EPICA consortium, using an ice core
covering the last ice cycle, linked the magnitude of the Antarctic isotopic maxima to the duration of the Greenland
episodes. A slowdown in thermohaline circulation affecting the Atlantic would appear to be the cause of this blockage
of heat in the Southern Hemisphere. This demonstrate the global and contra-cyclic  nature (between NH and SH) of
these events.

The ice cores  from the Greenland Ice-core  Project  (GRIP)  and Greenland Ice  Sheet Project  II  (GISP2)  from central
Greenland  show that  the  end  of  the Younger  Dryas  interval  involved  a  5-10°C  warming  and  a  doubling  of  snow
accumulation in central Greenland; a large drop in wind-blown materials, indicating reduced wind speed and other
changes in distant source regions attested by a large increase in methane, indicating expansion of global wetlands,
probably including those of the tropics. Most of these changes occurred very rapidly, in less than a few decades. “A
simple picture emerging from these and other data is that the normal climate experienced by agricultural and industrial
humans has been more stable in many or most regions than is typical of the climate system. Large, rapid, widespread
changes were common in the pre-agricultural past, especially in regions near the North Atlantic, but apparently also in
monsoonal regions affected by the North Atlantic, and likely elsewhere or even globally”. (Alley, 2000)

The Bølling–Allerød interstadial  (Hartz and Milthers, 1901) was an abrupt warm and moist interstadial period that ran
from 14,690 to 12,890 years BP (Rasmussen et al., 2006) and ended abruptly with the onset of the Younger Dryas, a
cold period that reduced temperatures back to near-glacial levels within a decade. The Melt-water pulse 1A 145 event
coincides with or closely follows the abrupt onset of the Bølling–Allerød (BA), when global sea level rose ~16 m during
this event at rates of 26-53 mm/yr (Gornitz, 2012). In that respect, it is simply funny to see how Gornitz (2012) tries
unconvincingly to relate these fast and major natural changes, which occurred without any man-made influence, to the
alleged sea-rise disasters that the proponents of the AGW theory keep forecasting. In fact, the longest series of monthly
averages, the leader in the collection of the permanent sea level observation service (www.psmsl.org), that of Brest
(France), shows an increase of +200mm in 207 years (less than 1 mm/yr) and +150mm over 1910-2015 (see more in the
related section later p. 160).

Records obtained from the Gulf  of  Alaska show abrupt sea-surface warming of  about  3°C (in  less  than 90 years),
matching ice-core records that register this transition as occurring within decades. In recent years research tied the
Bølling–Allerød warming to the release of heat from warm waters originating from the deep North Atlantic Ocean,
possibly triggered by a strengthening of the Atlantic meridional overturning circulation (AMOC) at the time (Thiagarajan
et al., 2014; Lohmann et al., 2016). Study results which would help to explain the abruptness of the Bølling–Allerød
warming, based on observations and simulations, found that 3°–5 °C Ocean warming occurred at intermediate depths

142Dansgaard-Oeschger events are rapid climate fluctuations that occurred 25 times during the last glacial period, i.e. dramatic but
fleeting global climatic swings characterized by a period of abrupt warming followed by a period of slow cooling that occurred
during the last ice age.

143Dansgaard-Oechsger events and Bond events  are of very different  nature.  DO events are characterized by sudden warming
centered in the North Atlantic-Nordic Seas area and require glacial conditions (low sea level and extensive sea ice cover). Water
stratification along salinity and temperature clines appears to be the critical factor behind DO events. By contrast, Bond events
are of opposite nature. They reflect abrupt cooling, not warming, could be heterogeneous in nature as not all events appear to
have the same cause, but are well  reflected from North Atlantic ice-rafted debris (IRD) to China’s Dongge cave speleothem
records of the South Asian Monsoon (Cheng et al., 2016).

144The detailed atmospheric methane record defined new modes of variability, including sharp increases during some of the cold
Greenland "Heinrich" stadials. This led to a hypothesis that extreme southward migration of the Intertropical Convergence Zone
during the Greenland stadials activated Southern Hemisphere methane sources (Rhodes et al., 2015). During Heinrich Stadial 1,
this possible Southern Hemisphere source of methane is directly associated with an abrupt rise in atmospheric carbon dioxide

145https://en.wikipedia.org/wiki/Meltwater_pulse_1A 
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in the North Atlantic over several millennia during Heinrich stadial 1 (H1). The authors postulated that this warm salty
water (WSW) layer, situated beneath the colder surface freshwater in the North Atlantic, generated ocean convective
available potential  energy (OCAPE) over decades at  the end of H1. “According to fluid modeling,  at  one point  the
accumulation of  OCAPE was released abruptly  (~1 month)  into kinetic  energy of  thermobaric  cabbeling convection
(TCC), resulting in the warmer salty waters getting to the surface and subsequently warming of ca. 2°C sea surface
warming” (Su et al., 2016).

Figure 39. Displayed are ice records from Antarctic and Arctic: (1) the EPICA project has provided two records in East Antarctica, one
at Dome C (EDC, EPICA community members, 2004), and one in the Dronning Maud Land area (EDML, EPICA community
members),  (2) Byrd Station, West Antarctica (80°01'S, 119°31'W; 1530m elevation), (3) the NGRIP Northern Greenland
Ice-core Project site. The synchronization between the two hemispheres reveals a coupling between the amplitude of hot
Antarctic events and the duration of the equivalent stadial  in Greenland. Note: Last Glacial Maximum (LGM), Antarctic
Cold Reversal146 (ACR), Antarctic Isotope Maximum (AIM) warm events, Marine Isotope Stage 3 (MIS3), Antarctic warming
A1, A2, adapted from Parrenin et al. (2007) and Debret (2008).

Now, it  is simply delusional  to read how Köhler et al.  (2011) state with respect  to this Bølling–Allerød event  that
“Estimates of CO2 rise are 20–35 ppmv within 200 years, a rate less than 29–50% compared to the anthropogenic global
warming signal from the past 50 years, and with a radiative forcing of 0.59–0.75 W m−2“ as if Köhler et al. (2011) were
disappointed that the far greater increase in [CO2] since the industrial revolution had not produced any of their flawed
forecasts and will force them to invoke even more obscure pseudo-physics, e.g.  “feedbacks”, unseen “forcings”, etc. to
justify for what is not observed. In fact, [CO2] concentrations have as always, just followed the temperature increase of
the Bølling–Allerød warming that produced more out-gassing from the oceans according to Henry's law, and CO2 played
no role, as always, in the abrupt climate changes of the past, as it will play no role in the future either. Fortunately,
more lucid authors, such as Borzenkova et al. (2015) assert “However, this small trend in rising Holocene CO2 levels
could only have had a very small effect on climate, if any at all”.

A longer picture, up to 60,000 years is given in the Figure  39. Observe how the warming from the last glacial to the
Holocene is interrupted by a cold event in Greenland as well as in Antarctica, even though it is more visible there on CH 4

records than on δ18O. The ACR in the Byrd and Vostok cores (West and East Antarctica) clearly precedes the YD event
and furthermore the Antarctic warming A1 and A2 are slightly out of phase with the DO events (8 and 12).  More
importantly, A1 and A2 are characterized by a gradual increase and decrease whereas DO events show a brutal increase
and slow decrease. The next reconstruction from Kaiser et al. (2005), Figure 40 , provides SST reconstruction based on
Alkenones147 and go back  to  70 kyr,  showing A1 to  A5.  The Last  Glacial  Maximum (LGM) and sea-level  minimum

146https://en.wikipedia.org/wiki/Antarctic_Cold_Reversal 
147Alkenones are long-chain unsaturated methyl and ethyl n-ketones produced by a few phytoplankton species (microscopic algae)

of the class Prymnesiophyceae. The earliest known occurrence of alkenones is during the Aptian 120 million years ago. They are
used in organic  geochemistry as a proxy for  past sea surface temperature (using  δ13C values),  see also Wang et al.  (2021).
https://en.wikipedia.org/wiki/Alkenone .
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occurred ca. 21,000 years before present (BP). Antarctic ice cores show gradual warming beginning 3000 years later. At
about 14,700 BP, there was a large pulse of melt-water, identified as Melt-water pulse 1A, probably from either the
Antarctic ice sheet or the Laurentide Ice Sheet. Melt-water pulse 1A produced a marine transgression that raised global
sea level about 20 meters in two to five centuries and is thought to have influenced the start of the Bølling/Allerød
interstadial,  the  major  break  with  glacial  cold  in  the Northern  Hemisphere.  Melt-water  pulse  1A  was  followed in
Antarctica and the Southern Hemisphere by a renewed cooling, the Antarctic Cold Reversal (ACR), in ca. 14,500 BP
which lasted for two millennia. The ACR brought an average cooling of perhaps 3°C. The Younger Dryas cooling, in the
Northern Hemisphere, began while the Antarctic Cold Reversal was still ongoing, and the ACR ended in the midst of the
Younger Dryas. This pattern of climate decoupling between the Northern and Southern Hemispheres and of "southern
lead, northern lag" would manifest in subsequent climate events.

Figure 40. Age model of Ocean Drilling Programme (ODP) Site 1233. Alkenone-based SST reconstruction at Site 1233 compared to
the Byrd δ18O record over the last 70 kyr. The open arrows represent the correlation points to the core GeoB3313-1, the
black arrows represent the 14C-AMS148 datings and gray arrows show the tuning points to the oxygen isotope record of the
Byrd ice core. A1 to A5 are Antarctic warm events after Blunier and Brook (2001), MIS is marine isotope stages 1 to 4,
from Kaiser et al. (2005).

In the midst of this 70 kyr period, a major volcanic eruption happened 39,300 years ago in southern Italy, near the
current city of Naples. This was simply the largest volcanic eruption on the Northern hemisphere in the past 130,000
years, namely the eruption of a super volcano, in the area of today's Phlegraean Fields 149 near Naples150, Italy, is also
recorded through the study of sediments as far as the Black Sea (Nowaczyk et al., 2012) or of a trachytic volcanic ash
layer in Russia (Pyle et al., 2006) or ice records in Greenland. The ashes of this eruption (Volcanic Explosivity Index,
VEI=7), during which about 350 cubic kilometers of rock and lava were ejected, were distributed over the entire eastern
Mediterranean and up to central Russia. The Campanian Ignimbrite (CI) erupted from the modern Campi Flegrei, Italy,
at 39.28 ±0.11 ka BP -  40Ar/39Ar dating according to De Vivo et  al.  (2001) -  and have been reported as far  as the
southeastern Black Sea sediment cores studied by Nowaczyk et al. (2012), and also in Russia where “a trachytic volcanic
ash layer is widely distributed across south-western Russia, where it is found both in well-characterised archaeological
contexts close to the Don River,  i.e.  the Paleolithic  sites of  Kostenki-Borschevo (51.41N,  39.01E).  Chemical  analysis
confirms that this ash layer is a distal equivalent of the deposits of the ca 39.3 ka Campanian Ignimbrite eruption of the
Phlegrean Fields, Italy, and correlates with the widely recognized Y5 ash layer in marine cores in the south-eastern
Mediterranean. This work shows that ash particles can be dispersed over considerable distances (>2500 km) and areas
(>1.5–3  106 km2)  during  large  magnitude  explosive  eruptions”  (Pyle  et  al.,  2006).  It  is  considered  that  this  major
eruption, the largest in the Greater Mediterranean area over the past 200,000 yrs (Barberi et al., 1978) possibly led to
the Middle to Upper Paleolithic cultural transition and the replacement of Neanderthal populations by anatomically
modern  Homo sapiens  (Fedele  et  al.,  2002),  this  period  corresponding  to  one  of  the  most  conspicuous  cultural

148Accelerator Mass Spectrometry (AMS) accelerates ions to extraordinarily high kinetic energies before mass analysis to separate a
rare isotope from an abundant neighboring mass isotope. https://en.wikipedia.org/wiki/Accelerator_mass_spectrometry 

149https://en.wikipedia.org/wiki/Phlegraean_Fields 
150 https://en.wikipedia.org/wiki/Eruption_of_Mount_Vesuvius_in_79_AD . Naples, beyond its famous pizza(s) is well known for the

Vesuvius eruption in 79 Anno Domini (AD) with a VEI=5.
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modifications in Old World prehistory, termed the European Late Pleistocene shift (ELPS). Three periods of volcanic
activities are acknowledged and a large molten magma chamber lies today under the remains of the blown off caldera.
The area is still active, bradyseismic phenomena are recorded and inflation around Pozzuoli continues at steady rates
with a maximum average of 0.7 cm per month since July 2017.

The plains of southwestern Russia extend from Ukraine to the Caucasus mountains, and contain well  documented
archaeological  evidence  for  human  occupation  over  the  past  30-60,000yrs.  One  cluster  of  Palaeolithic  sites  is  at
Kostenki, Voronezh (51.391N, 39.041E) and evidences of the tephra layer have been found here but also as far south as
Rostov on Don (47.11N 39.51E) and as far north as Tambov (52.51N, 41.51E). In the site Kostenki 14 (Markina Gora) the
Upper  Paleolithic  man  from  Markina  Gora  was  studied  by  Moiseev  et  al.  (2017)  and  the  tephra  layer  forms  a
remarkable stratigraphic horizon where it lies above a palaeosol (Velichko et al., 2009), which contains evidence for the
Laschamp magnetic excursion! (Pyle et al., 2006).  The study of the paleoclimate at Kostenki 14 (Markina Gora) by
Velichko et al. (2009) is also amazing as it reveals that the conditions have been changing enormously over quite short
periods of time “The early stage of the site’s existence (second half  of the Middle Valdai  megainterstadial151)  was
marked by a mild climate, causing the spread of coniferous and broadleaved forests. Layer IVa (ca 33 ka BP) can be
correlated with the beginning of cooling,  when spruce forests still  existed. At the end of  the megainterstadial,  the
landscapes around the site varied from periglacial to tundra and forest-tundra. Layer I (ca 22 ka BP) correlates with the
most severe cryoarid conditions of the pleniglacial”. So basically, over a 20,000 years period, humans in this area have
had to accustom themselves to a changing climate that has evolved from a mild environment that changed to severe
cryoarid conditions! 

One can easily imagine the importance of the 39 kyr event and the atmospheric consequences of such an explosion that
human populations of the time have had to go through at a regional or even more global scale. As postulated by Fedele
et al.  (2002) “An eruption of the CI magnitude can thus have disrupted ecosystems on a fairly large scale and well
beyond the direct impact zone, human systems included. Such events typically exert short-term alteration of global
climate, with stronger effects at higher latitudes in the Northern Hemisphere; where positive feedbacks between climate
and volcanism occur, large eruptions can even affect the climate on century to millennial timescales”. There is no doubt
the large eruptions (e.g. VEI>7) can even affect the climate on century to millennial timescales (Rampino and Self, 1992,
1993; Zielinski et al., 1996b; Robock, 2000; Huang et al., 2001).

The Toba super-eruption of 75,000 yr ago, is admittedly a much larger event than the CI in terms of Dense Rock�
Equivalent (DRE) with a factor-of-20 difference (Ambrose, 1998;  Rampino and Ambrose, 2000).  Mount Toba, is an
ancient volcano located in the Barisan Mountains, north-central Sumatra, Indonesia. A massive eruption 75,000 ±900
years BP ago152, of an estimated Volcanic Explosivity Index (i.e. VEI) of 8, expelled an estimated 2,800 km 3 of ash and
lava (DRE) and Rampino and Ambrose (2000) consider that “several lines of evidence suggest that Toba produced an
estimated 1015–1016 g of stratospheric dust and H2SO4 aerosols”. That event is considered by many volcanologists to be
the largest volcanic eruption in all of human history (Detay, 2017), and it sent the planet into a volcanic winter lasting
six to ten years (i.e. residence time of the dust and aerosols) and a severe cooling for up to one thousand years that
nearly caused the extinction of modern humans. Ice-core evidence suggests that average air temperatures worldwide
plunged by 3–5°C (5.4–9.0°F) for years after the eruption. The Toba eruption coincided with a 200-yr period of sharp
cooling that initiated a ca. 1,000-yr stadial event and is evidenced by ice-core analysis from Greenland. Some model
simulations estimate that this temperature decline may have been as much as 10°C (18°F) in the Northern Hemisphere
in the first year after the event. A study of the remains of a human settlement located in southern Africa and dated to
the time of the eruption suggests that some areas of Earth with sufficient food supply may have served as refuges for
human beings in the years following the eruption (Smith et al., 2018) but also in other places (Greshko, 2018), (Clarkson
et al., 2020), (Hruska, 2020). The remnants of the volcano’s caldera contain present-day Lake Toba.

In 1993, science journalist Ann Gibbons posited that a population bottleneck occurred in human evolution about 70,000
years ago, and she suggested that this was caused by the eruption of the Toba; this theory was supported by Rampino
and Self (1993a-b) in 'Bottleneck in human evolution and the Toba eruption',  Ambrose (1998) who studied the “Late
Pleistocene Human Population Bottlenecks,  Volcanic  Winter,  and Differentiation of  Modern  Humans”,  and later by
Rampino and Ambrose (2000) in the “Volcanic winter in the Garden of Eden: The Toba super-eruption and the late

151Lasting from about 55 to 25 ka, the Middle Valdai Megainterstadial separates the early (Kalinin) and late Valdai (Ostashkov)
glacial stages. Cultural layer IVb goes down to 46.9 ±3.9 kyr.

152The Toba ignimbrite deposits have been dated by the K/Ar method at 73,500 ±3,500 B.P., and 40Ar/39Ar age determinations give
73,000 ±4,000 B.P. (Chesner et al., 1991).
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Pleistocene human population crash” and by Williams et al. (2009) who studied the “Environmental Impact of the 73ka
Toba super eruption in South Asia”. The consequences of the explosion were a whopping global ecological disaster and
as reminded by  Rampino and Ambrose (2000) “Genetic  studies  indicate that  sometime prior  to ca.  60,000 yr ago
humans suffered a severe population bottleneck (possibly only 3,000–10,000 individuals), followed eventually by rapid
population  increase,  technological  innovations,  and  migrations”.  What  supports  the  global  ecological  disaster
hypothesis is that other animal species have been equally impacted by the event. For example, this is revealed by the
analysis of mtDNA (i.e. mitochondrial DNA) of the Eastern Chimpanzee. Furthermore, as the climate was already cooling
and as other events, e.g. Dansgaard-Oeschger (DO) Event 19 - ca. 70-71,000 BP and Isotope Stage 4 - ca. 60-68,000 BP,
superimpose their effect on the Toba disaster, thus the probability of lasting unfavorable conditions is high, challenging
humans' survival.

Even before  the Toba event  was considered as  the possible  reason of  the “throttling”,  researchers  had ventured
through the bottleneck hypothesis and Harpending et al. (1993) had proposed the “weak Garden of Eden” version of
the replacement model where “modern humans appeared in a subpopulation and spread slowly over several tens of
thousands of years, then later expanded from separated daughter populations bearing modern technologies such as
those of the African Late Stone Age or the European Upper Paleolithic”, in which modern humans dispersed from Africa
ca. 100,000 yr ago and then went through a population bottleneck ca. 50,000 ± 20,000 yr ago, followed by a dramatic
population increase. Harpending et al. (1993) estimate “the bottleneck reduced the human population to ~500 breeding
females, or a total population as small as 4,000 for ca. 20,000 yr, or as small as 40 individuals for two centuries ”. Of
course, the Toba event matches well with the supposed bottleneck period. Recently, other research has cast doubt on a
direct relationship between the Toba ignimbrite explosion and a human genetic bottleneck. For example, ancient stone
tools in southern India were found above and below a thick layer of ash from the Youngest Toba eruption and were
very similar across these layers, suggesting that the dust clouds from the eruption did not wipe out this local population
(Clarkson et al., 2020). 

But for the Indian study, Smith et al. (2018) say “the reported evidence did not include piece-plots of the archaeological
finds, and the resolution of the dating and age model for those finds was insufficient to resolve occupation continuity” ,
therefore  the  proofs  given  were  considered  inconclusive  by  some.  The  same  authors  also  report  that  “ for  two
archaeological sites on the south coast of South Africa, humans in this region thrived through the Toba event and the
ensuing full glacial, perhaps as a combined result of this region’s uniquely rich resource base and a fully evolved modern
human adaptation”. The fact that some humans have managed to make it through the Toba event and subsequent last
glaciation  should  not  surprise  us,  as  we  are  here  to  discuss  it,  but  at  the  same  time  we  probably  should  not
underestimate the challenges that were overcome by these populations. Cooler is much riskier than warmer!
 
Toba’s possible effects on climate and biological systems have undoubtedly been considerable. Locally, direct-impact
effects and long-term ecological damage must have caused an environmental disaster with ensuing depopulation. Do
you still think that a 0.007% increase of the gas of life, i.e. CO 2, 75% of which increase is natural and just 6% of the
0.04% are of anthropic origin (i.e. a mere 0.0024% of the volume of the overall atmosphere) is THE major problem
mankind is  going or will  have to face? No, whatever consequences the explosions of  the Toba or of the trachytic
Phlegraean Fields have had, it reminds us of our place on Earth, we are passengers and not drivers of the planet and we
should not overrate our impact and do not believe that we have changed our place in the grand scheme of things. Even
our  highly  technological  civilization  remains  extremely  vulnerable  to  a  whimsical  nature  and  we'd  better  seek
adaptation to various scenarios (Lomborg, 2020a-b) rather than destroy our economies and sacrifice our adaptation
capabilities  for  decarbonation lunacies.  One should  just  remember of  the air  travel  disruptions153 that  the (small)
eruption of the Eyjafjallajökull  created in 2010, or the vulnerability of our communications systems to solar bursts
(Mekhaldi et al., 2015), etc.

Over this 130,000 years period that we consider in this section, the next major event back in the past is the Eemian
interglacial optimum, known as Marine Isotope Stage 5e (MIS-5e) or Late Pleistocene Eemian Stage, situated 131–
114kyr ago, is the Last Interglacial Stage (LIS) before the Holocene. Although global annual average temperatures were
approximately 1 to 2˚C warmer than preindustrial levels, high latitude regions were several degrees warmer still, up to
+8˚C as displayed Figure  41,  as it  was a time when climate was significantly warmer than now, whatever the CO 2

atmospheric content was. This meant ice caps melted, Greenland’s ice sheet was reduced and the West Antarctic ice
sheet may have collapsed. The sea level was at least 6m higher than today as evaluated by Kopp et al. (2009) “We find
a 95% probability that global sea level peaked at least 6.6 m higher than today during the last interglacial; it is likely

153https://en.wikipedia.org/wiki/Air_travel_disruption_after_the_2010_Eyjafjallaj%C3%B6kull_eruption 
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(67% probability) to have exceeded 8.0 m but is unlikely (33% probability) to have exceeded 9.4 m. When global sea
level was close to its current level ($210 m), the millennial average rate of global sea level rise is very likely to have
exceeded  5.6  m kyr-1 but  is  unlikely  to  have  exceeded 9.2  m kyr -1”.  During  the  LIG,  the authors  take  notice  that
greenhouse gas concentrations were comparable to pre-industrial Holocene levels (Petit et al., 1999) (Saltzman et al,
1999), but Earth’s orbital eccentricity was more than twice the modern value (Berger and Loutre, 1991). In fact the
article from  Berger and Loutre (1991) says more “Analysis of the insolation values obtained from BER90 brings some
general conclusions: insolation is dominated by precession mainly in the equatorial regions, but the obliquity signal is
reinforced at the solstices and at high latitudes. The role of eccentricity in modulating the precessional component in the
variation of insolation is very visible through the 400,000 year cycle. the most significant deviations of the 65°N July
mid-month  insolation  from  the  1950.0  AD  value  (427  W/m2)  are  found  to  be  located  around...  114  ka  BP  (-35
W/m2)...126 ka BP (60 W/m2)” and demonstrate clearly that the maximum insolation value at 126 kyr corresponds
exactly with the maximum of the temperature as measured from the Vostok ice core station154. No need to search for a
dubious involvement of the GHGs.

Figure 41. Departures of (a) summer air temperature (°C) from modern values for the Eemian interglacial from Folland et al. (1990)
and after Velichko et al. (1982, 1983, 1984).

One should further notice that the conclusion of the Berger and Loutre's (1991) paper states that “up to 1Ma results
are very solid, between 1 and 1.5 Ma some differences arise”but the horizon of validity is somewhere in between 5 to
10 myrs ago most  probably not  for periods earlier  than 10 Myrs “as this  seems to be  the limit  of  validity  of  the
astronomical solution. Indeed, before 10 Ma, the orbits of the inner planets look chaotic, any two orbits with nearby
initial solutions diverge (Laskar, 1989, 1990)”. Back to the Eemian interglacial optimum, across Asia and North America
forests extended much further north than today and straight-tusked elephants (now extinct) and hippopotamuses were
reported living as far north as the British Isles.

So far, we've gone through:

� The LIA (1650-1850) corresponding to the solar Spörer155 Minimum (1450-1550), Maunder Minimum (1645-
1715) and Dalton Minimum (1790-1820) see e.g. (Eddy, 1976, 1977; Brehm et al., 2021), whereby the TSI of
the late 17th century was 3-4 W/m-2 lower than at present (Haigh, 2003);

� The great famine (1315-1317), everybody starved, most died, it simply just rained too much and the weather
was cool;

� The MWP around year 1000 and the Vikings' settlements in Greenland (i.e. the Green Land!);
� Hannibal's crossing of the Alps with his elephants during the Second Punic War, 218 BC;

154https://en.wikipedia.org/wiki/Quaternary_glaciation 
155The evidence suggests that the  10Be enhancements in 1459 may be the result of a gamma ray pulse from Vela Junior as the

increase in  10Be production in the Southern hemisphere was three times that in the Northern which is  consistent  with the
declination of -46,5° of the Vela Junior SN remnant (distance of 650-700 light-years away is a 1/10th of the distance to the closest
of the other nine SN that have occurred in the past 2000 yrs). But the solar origin cannot be excluded either as 1459 falls in the
middle of the Spörer solar minimum (Zharkova et al., 2019).
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� The synchronous collapse of the Akkadian Empire in Mesopotamia, the Old Kingdom in Egypt and Early Bronze
Age settlements in Anatolia, the Aegean and the Levant due the «4.2 ka BP megadrought»;

� The green Sahara 6500 BP with solar radiation up 8% as compared to present that resulted in the African
monsoon becoming both stronger and reaching farther north;

� The complete disappearance of the glacier in the Alps and elsewhere around 7000 BP;
� The “8.2 ka cold event” due to the fast drainage of the huge pro-glacial lake 156 Agassiz resulting from the

melting of the Laurentide and Scandinavian ice sheets;
� The cold Younger Dryas with extreme and brutal temperature change of +10±4°C to end the cold episode

(Grachev and Severinghaus, 2005), the warm Bølling–Allerød event (DO 1);
� The LGM, 25 Dansgaard / Oeschger events, tens of Heinrich stadials and AIM events over more than 70 kyr;
� The bonus are two major super-volcanoes' explosions, one in each hemisphere (-39 kyr and -73 kyr), the Toba

nearly managing to wipe out hominids from the planet;
� and the previous Eemian interglacial optimum with hippopotamuses in the British Isles due to variations of

insolation resulting from the regular change of the Earth's orbital parameters;

Do you still need the AGW shibboleth and the CO2 fable ?

156https://en.wikipedia.org/wiki/Proglacial_lake  and https://en.wikipedia.org/wiki/Lake_Agassiz 
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The last 3.5 M years and the Glaciations

The entire Quaternary Period, starting at -2.58 Ma, is referred to as an ice age because at least one permanent large ice
sheet, i.e. the Antarctic ice sheet has existed continuously, but this section will extend the presentation slightly beyond,
i.e. to -3.5 Myrs because the climate only reverted to a more normal pattern beyond then. Generally speaking and not
strictly limited to the Quaternary, Ice Ages in general are rightfully attributed to several causes 157, including but not
limited to changes in Earth's atmosphere (probably the least important factor), position of the continents, fluctuations
in  ocean  currents,  uplift  of  various  major  mountain  ranges  (e.g.  the  Tibetan  plateau),  variations  in  Earth's  orbit,
variations in the Sun's energy output, and volcanism.

Initially the fluctuation period between two successive glacial episodes was about 41,000 years, but following the Mid-
Pleistocene Transition it has slowed to about 100,000 years, as evidenced most clearly by ice cores for the past 800,000
years and marine sediment cores for the earlier period. Over the past 740,000 years there have been eight glacial
cycles,  i.e. MIS 1 (-11,700) separated by 119.7 kyr (average) from previous glacial,  MIS 5 (-131,400) 83.3 kyr from
previous, MIS 7c (-214,700) 29.1 kyr from previous, MIS 7e (-243,800) 91.7 kyr from previous, MIS 9 (-335,500) 89.3 kyr
from previous, MIS 11 (-424,800) 74.2 kyr from previous, MIS 13 (-499,000) 80.6 kyr from previous, MIS 15a (-579,600)
44.8 kyr from previous, MIS 15c (-624,400) 82.6 kyr from previous, MIS 17 (-707,000) 80 kyr from previous, and finally
MIS 19 (-787,000) 77 kyr from previous glacial, they are all well visible on Figure 42.

Figure 42. δ18O isotopic record from LR04 stack of 53 benthic cores from all over the world shows that from about 1.8 million years
ago some interglacials continued reaching the previous average temperature, while others show a decreasing trend in
interglacial average temperature, and are not considered interglacials. Periods of higher temperature more recent than
MIS 23 that did not reach interglacial levels are usually not assigned an MIS number (asterisks). Source: Lisiecky and
Raymo (2005).

The origin of the glacial and inter-glacial cycles is obviously not to be searched into major atmospheric composition
changes,  that  did  not  occur.  CO2 just  followed  the  temperature  as  rightfully  explained  by  Henry's  law  and  just
represented  a  lagging  proxy  on  the  temperature  changes  (Caillon  et  al.,  2003).  For  anyone,  not  even  needing  a
magnifying glass but just a bit of honesty, it is clear that the CO2 curve follows the Temperature curve and that shifting
the first by some hundred years improves considerably the already high correlation between the two of them (see
Figure 43). So, the explanation of such a large and repeated climate change must be found somewhere else.

These  and other  benthic  δ18O time-series  show that  climate varies  in  a  quasi-periodic  fashion during all  intervals
characterized by glaciation, regardless of the location and extent of ice-sheets. In terms of frequency, much of the
power in the climate spectrum since the early Oligocene appears to be concentrated in the obliquity band (approx
40kyr). Zachos et al. (2001) continue “Additional power resides in the eccentricity bands, although the signal strength is
more variable. For example, δ18O variance in the 100-ky frequency band is exceptionally pronounced over the last 800 to
900 ky following a mid-Pleistocene shift, but weaker through the early Pleistocene and Pliocene when the signal was
dominated by variance in the 41-ky band. Similar secular shifts in the power of the 100-ky cycle occurred in the late
Oligocene and early Miocene. Power in the 400-ky band is exceptionally pronounced in the early Miocene, whereas it is
relatively weak in the Pleistocene, and early Oligocene”

157https://en.wikipedia.org/wiki/Ice_age 
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Figure 43. Temperature Anomaly in Antarctica over 800 kyr is displayed in Red, CO2 in Blue, CH4 in Green. No need for magnifying
glasses to see that CO2 lags the temperature (e.g. at 650kyr, 430kyr, 240kyr, 130kyr)!

As noted earlier, until about 1 Myr ago glaciations were taking place at 41 kyr intervals, pointing to obliquity as the
main factor among others such as eccentricity and precession. For a perfect  presentation for the layman, a good
summary is given by Javier (2016a). For an introduction into computing orbits for double stars, see Poyet (2017a-b-c).
For a detailed description of sophisticated methods for a n-bodies problem with ephemeris spanning as far as 20 Myr in
the future  and 10 Myr back in the past,  see Berger and Loutre  (1991).  As extraordinary as it  is  ,  and computing
ephemeris as far in the future (20 Myr) and into the past (10 Myr) with decent accuracy is a great achievement, it only
gives the position of the planets with an acceptable confidence (4.5 Myr) for just 0.001% of the Earth's existence (4.5
Byr). Beyond that one thousandth we are in “terra incognita”. Since about 1 Myr ago, glaciations have taken place at an
average 100 kyr intervals158, as it seems that the Earth has gone cooling too far to exit the stadial at each potential
occasion given by its orbits' parameters. When this was discovered the problem was that the Milankovitch theory did
not reserve any special place for the eccentricity cycle, since its effect is minimal.

Figure 44. Two different paleoclimatic proxies from ODP Site 846 for temperature, the alkenone UK’
37 in marine sediments (red), and

δ18O isotope  in  benthic  cores  (blue),  show the  progressive  cooling  of  the  Earth  through  the  Pliocene.  At  the  early-
Pleistocene, glaciations start to take place at 41 kyr intervals. As the cooling progresses, this interval lengthens to 100kyr
in what is called the Mid-Pleistocene Transition. All data are correlated to the LR04 Stack, the early Pliocene is shaded
yellow, a white background defines the interval of maximum Eastern Equatorial Pacific (EEP) plankton productivity, and
the portion of the Pleistocene after the productivity maximum is shaded gray, after Lawrence et al. (2006).

158https://en.wikipedia.org/wiki/Geologic_temperature_record and (Javier, 2018d)
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As pointed out by Javier (2018b) “So Hays, Imbrie, and Shackleton in their 1976 article proposed that the eccentricity
was playing its role in a non-linear way. The problem is compounded because the main cycle of eccentricity is 413 kyr
and that  cycle  is  even less apparent  in  the  record  so we are  left  with the  conclusion that  eccentricity  produces  a
multiplicative effect during its minor cycles, yet no important effect in its major cycle”. Maslin and Ridgwell (2005) call it
“the eccentricity myth”. In addition, the change from early-Pleistocene 41 kyr glaciations to late-Pleistocene 100 kyr
glaciations was achieved without any change in insolation, so Milankovitch theory is at odds to explain it.

It is worth noticing that probably the first to acknowledge by direct field observations that regular climate modifications
could  be  explained  by  orbital  changes  is  Gilbert  (1895)  p.  124,  while  studying  sedimentary  sequences  and  more
precisely the marine limestone-shale bedding rhythms of the late Cretaceous of Colorado; he asserted that they were
of precessional origin and also listed many scholars having already surmised that orbital cycles had an impact on the
Earth's climate before him, including Joseph Adhémar159 and James Croll, see Raymo and Huybers (2008) for a more
comprehensive historical perspective. But it was the serbian genius Milutin Milanković (Milankovitch, 1949) who was
the first to bring the calculus to the point of a making a theory, refined later (Hays et al., 1976; Laskar, 1990; Laskar and
Robutel,  1993)  and  led  further  to  very  sophisticated  solutions  providing  ephemeris  and  accurate  insolation
reconstructions, e.g. “A characteristic feature of the insolation around 4.4 Ma is the small value of the eccentricity at
that time (e is almost 0 at 4.38 Ma BP) and to the small changes in precession and obliquity” (Berger and Loutre, 1991). 

Before that a 0.007% increase of CO2 had blurred the mind and emptied the brain of so many bringing back the spirits
of religious wars, i.e. you endorse my beliefs or else you are excommunicated and later worse, extraordinary geologists
had found in the past records of the Earth's legacy what really could have had an impact on the climate. Studying a
carboniferous  limestone-shale  sequence  and  using  methods  of  mathematical  geology,  i.e.  statistical  time-series
analysis, Schwarzacher (1964) found that a persistent oscillation and a high-order of auto-correlation was present in the
sequence of data he had analyzed and asserted that periodic variations in the earth's orbit could be suggested as the
ultimate  cause  of  the  oscillation.  Schwarzacher  (1993)  also  recognized  that  the  Alpine  Jurassic  carbonate  cycles
attributed to -20 kyr precession were bundling into -100 kyr eccentricity cycles (Olsen and Whiteside, 2008).  Field
geologists  are  remarkable  and  prime observers  of  natural  cyclical  changes  and  according  to  Weedon  (2003),  the
European Tethysian marine sequences are dominated by obliquity-forced cycles in the Hettangian and Sinemurian age
parts of the sections, precession in the Pliensbachian, and a mixture of precession and obliquity in the Kimmerigian, see
Hinnov and Goldhammer (1991), Hinnov and Park (1998), Hinnov (2005) for more references. In fact, from thereof a
new discipline,  called  cyclostratigraphy  emerged and  started looking for  cycles  in  the geological  records  with  the
objective to match them to known phenomenons, orbital variations being obvious potential causes (Pretro et al., 2004;
Strasser et al.,  2006; Vaughan et al., 2011; Kemp, 2016). Whatever the legitimate interrogations raised by Wunsch
(2000, 2003, 2004), the geological records show that the climate has kept changing a lot naturally and most notably
following cycles, though orbital factors might not explain the totally of the variance.

Of course, as for any theory, a lot of discussions arose as to which of the orbital parameters identified by Milanković
are the more important and as to how they combine to exert an influence on the Earth's climate, see for example
Maslin and Ridgwell (2005) for the role of the eccentricity or more generally for the nature and causes of rapid climate
transitions during the  quaternary  (Maslin  et  al.,  2001).  It  is  surprising though,  to  observe  that  these authors  are
perfectly aware of the many dramatic climate changes that have happened over short periods of time, without any
man-made influence as they mention for example, Maslin et al. (2001) “the global collapse of the urban civilizations
coincided with the deterioration of climate around 4,300 BP” but they draw from there the conclusion that “These
sudden stepwise climate transitions are also a disturbing scenario to be borne in mind when considering the effects that
humans might have on the present climate system through the rapid generation of greenhouse gases” (Maslin et al.,
2001). So, instead of accepting that climate changes a lot without any man-made interventions, the authors focus on
the supposed effect humans “might have” through “greenhouse gases”. That's flabbergasting! There is not the slightest
indubitable proof that our emissions of GHGs have any impact on the climate, there are tons of evidences that the
climate can change abruptly and over short periods of time without notice on its own, but our GHGs emissions are for
sure the cause of the next disaster.  That kind of logic escapes me.

The Quaternary Glaciation Ice Age started about 2.58 million years ago at the beginning of the Quaternary Period when
the spread of ice sheets in the Northern Hemisphere began. Since then, as described, the world has seen cycles of
glaciation with ice sheets advancing and retreating on 41,000 and 100,000 year time scales called glacial periods, and
interglacial periods. The earth is currently in an interglacial, i.e. the Holocene, and instead of felicitating ourselves to

159https://en.wikipedia.org/wiki/Joseph_Adhémar  and https://en.wikipedia.org/wiki/James_Croll 
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benefit of some respite in what became an ever cooler and cooler environment (it was certainly not easy to survive
during the LGM -20,000 years ago), we should worry that GHGs might avoid the next glaciation? GHGs emitted will not
avoid anything but if it were we should rejoice ourselves instead of bemoaning. In fact, anything that allows interglacial
to take place during this very cold period of the planet should be welcomed, as otherwise for the last 1.5 million years
the planet would have been locked in a permanent glacial period only interrupted by interglacial every 400 kyr, at the
peak of eccentricity. It is possible that there wouldn’t be humans in that planet as conditions are already too close to
CO2 starvation for plants during glacial maximums (Ward et al., 2005). Only the arrival of the occasional interglacial
prevents further cooling.

In that respect, reading  Claerbout (2020) summarizing Moore's (2015) conference was illuminating  and gave me a
glimmer of hope, not everything was lost “The amount of CO2 in the atmosphere was reduced by about 90% during the
last 150 million years. If this trend continues CO2 will inevitably fall to levels that threaten the survival of plants, which
require a minimum of 150 ppm to survive. If plants die all the animals, insects, and other invertebrates that depend on
plants for their survival will also die. How long will it be at the present level of CO2 depletion until most or all of life on
Earth is threatened with extinction by lack of CO2 in the atmosphere? If humans had not begun to unlock some of the
carbon stored as fossil fuels, less than 2 million years from today! Human emissions of carbon dioxide have saved life on
Earth from inevitable starvation and extinction due to lack of CO2. Let us have no hominem arguments about "deniers". I
submit that much of society has been collectively misled into believing that global CO2 and temperature are too high
when the opposite is true for both. Even when the fossil fuels have become scarce, we have the quadrillion tons of
carbon in carbonaceous rocks, which we can transform into lime and CO2 for the manufacture of cement using solar
energy or nuclear energy. The human species has made it possible to prolong the survival of life on Earth for more than
100 million years. We are not the enemy of nature but its salvation!”.  Finally a little common sense.

The benefits of current higher [CO2] levels for the development of vegetation is also exposed by Zhu et al (2016). But
during this quaternary ice age, plant starvation due to lack of CO2 has had very significant implications for the biosphere
and the reading of the paper of Cerling et al. (1998) is suggested and uplifting. Glacial lows for [CO 2] have been ranging
between 175 and 225 ppmv for the last 700,000 years and if this gas has a very subdued impact on the climate (if any
discernible) it is the gas of life and is necessary to the very existence of plants and therefore of all living forms on Earth.
One should understand, that all vegetation dies when [CO2] passes under 150 ppmv, it is not any longer a matter of
adaptation  as  happened  before,  it  is  a  lethal  disruption.  As  will  be  described in  the  next  section,  the decline  of
atmospheric CO2 had started long ago, i.e. 65 Myr, and many adaptations have occurred as a response to this, notably
the widespread distribution of C4 plants, which are less sensitive to CO2 levels than are C3 plants. But there exists a
threshold under which, the Earth dies and becomes just another telluric planet as all the other unfortunate ones in the
solar system, devoid of life and this is the fateful 150 ppmv [CO2] level. Beyond the scientific insanity of declaring CO2 an
enemy, what an ingratitude, it is also completely missing the point of what makes life possible on this planet and
sawing off the branch on which mankind is sitting on. To get a glimpse on a CO 2 starved future, just consider the
mammalian evolution and extinction in the late Neogene related to the CO2 starvation of C3 ecosystems. Biting the
hand that feeds us will have a price, that of stupidity. If Arrhenius could see where his paper has led us, he would not
believe it!

Morel  (2013)  was  correct  stating  “Paleo-climatologists  like  paleontologists  have  the  advantage  of  talking  about
concrete phenomena or spectacular creatures. In addition, they do not fear the contradiction of first-hand witnesses,
and for good reason! On the other hand, it is certain that paleoclimatic discoveries are the basis of our conception of the
magnitude of possible variations over time, the essential source of information on the natural variability of the climate
system. From this point of view, prehistoric reconstructions are an invaluable source of inspiration. However, no paleo-
climatological reconstruction quantitatively defines all of the boundary conditions and internal parameters that come
into play in the dynamics of the climate. By simplifying a little, historical or prehistoric climatology poses fascinating
questions but does not answer any. We cannot rely directly on paleo-climatological work to advance our ability to
predict or at least frame the field of future climate change”. For the same reasons that led Geller et al.  (1997) to
correctly state that earthquakes cannot be predicted (they have not been refuted so far), one should accept that we
probably have, for the same reasons (chaotic system), no ability to predict future climate change as well. Nevertheless,
knowing the long history of natural climate changes and being aware of the vast range of possibilities one can await,
help put in perspective our place on Earth and enable us to consider the course of the most probable events.

Having said that, what can we expect for the continuation of the Holocene?
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Figure 45. The average interglacial (grey curve and 1σ grey bands) and the average obliquity (grey sinusoid continuous line) and
insolation at 65°N on 21 June (grey dotted line) are compared to Holocene temperature (smoothed, black curve), obliquity
(black sinusoid continuous line), and insolation (black dotted line), Source: Javier (2018b).

The conclusions drawn by comparing the Holocene to the average interglacial (see Figure  45) are the same as those
obtained by comparing it to its closest astronomical analog, MIS 19 (Pol et al., 2010; Tzedakis et al., 2012). Pol et al.
(2010) assert that “This comparison shows the lack of a perfect orbital analogue but highlights that the orbital context
of MIS 19 is closer to the present one than during MIS 5e or 11” and therefore MIS 19, 787 kyr ago, was an interglacial in
the same Milankovitch configuration as our current Holocene interglacial as reminded by Pol et al. (2010) “By aligning
the respective early  interglacial  maxima of  MIS 1 (~11 ky  BP)  and MIS 19 (~787 ky  BP),  enables  a more detailed
comparison of orbital contexts over a 50 ky interval. This alignment shows that the interglacial optima occur during
eccentricity maxima, and with exactly comparable values of the precession parameter”.

Therefore  MIS  19 has  an  almost  identical  astronomical  signature,  with  the  same  low  eccentricity  and  the  same
coincident peaks of precession and obliquity. The comparison suggests that the descent into  the next glacial should
start in about 1,500 years (Tzedakis et al., 2012) notwithstanding a restriction placed by the authors160 on the [CO2] that
can be dismissed given what we developed in the previous section “atmospheric sensitivity to CO 2”. Other authors
disagree but their  conjecture is  based on [CO2]  assumptions which have departed them from their  sound celestial
mechanics background (Berger and Loutre, 2002). Finally, Javier (2016a) adds “Once the present short warming interval
ends, the Holocene should continue its temperature descent and an increase in northern summer insolation in the next
several thousands of years should not significantly alter this decline as it has not done so in the past. To my knowledge
no decaying interglacial has been revived this late in the obliquity cycle regardless of the amount of northern summer
insolation. Therefore, there is no astronomical reason to expect that the Holocene should be a long interglacial, and
humankind must wait for another obliquity cycle, probably the one after next, in 70,000 years, to have another chance
at being scared by global warming”. In any case, one must know that the Earth has spent 90% of its time during the
past million years in the coldest 1% of the temperatures seen in the past 500 million years...

Interestingly, as it concerns the kind of large observed multidecadal to multi-centennial variability that was presented in
the section that dealt with the climate over the last 2000 years, Pol et al. (2010) acknowledge “Based on the entire
power spectrum of Holocene and on the sub-millennial deuterium variability observed during previous interglacials (MIS
5.5,  9 and 11 data offering centennial  resolution),  our  working  hypothesis  is  that  multidecadal  to multi-centennial
variability must indeed be a common feature of all interglacials”. As man-made GHGs emissions are not responsible of
observed multidecadal to multi-centennial variability of MIS 5.5, 9 and 11 nor even the Holocene of course, it would be
just reasonable to search for another kind of explanation than the convenient scapegoat, i.e. CO2!

Furthermore,  just  as  the  best  celestial  mechanics  shows  its  limits  and  are  acknowledged  by  astronomers  and
astrometrists who do not pretend to compute ephemeris or orbits for tens of millions of years in the future or the past,
one can start to sense some honesty in the limits of using ice cores to explore past climate as was long claimed by

160Condition added “if atmospheric CO2 concentrations did not exceed 240 ± 5 ppmv” 
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Jaworowski (1994, 2004). In fact, many problems arise the deeper the ice core as many physicochemical phenomenons
take place and erase high frequency climate variability. Pol et al. (2010) state “no new information on MIS 19 climate
variability has been revealed, because of a strong smoothing of the deuterium signal. This smoothing, highlighted by a
loss of spectral amplitude below a periodicity of ~1600 y, contrasts with the sub-millennial variability preserved for
Holocene at comparable resolution and in MIS 19 high resolution calcium data”. In fact, and rightfully pointed out by
Jaworowski (1994, 2004), as some water-veins at the grain junctions can be observed under some circumstances, as
continuous liquid water network is expected to strongly enhance isotopic diffusion, and as the time period spent by the
MIS 19 old ice at  temperatures warmer than the critical  value of  −10 °C which is  expected to be a threshold for
migration–recrystallization processes, all that leads to a loss or distortion of information. 

From this very brief overview of the last 3.5Myr one can easily see that contrary to the rantings and posturing of the
New York City officials who declared a climate emergency in an effort to mobilize local and national responses to stall
global warming.  «The New York City Council passed the legislation Wednesday, calling for an immediate response to
the global climate crises. The bill referenced several reports on the state of global warming and its impact, imparting
that extreme weather events brought about by rising temperatures demonstrates that the planet is "too hot to be a
safe environment» (Andrew and Ahmed, 2019) one should now easily  sense that  the planet has just  temporarily
recovered from the last 3.5Myr of a too cold to be a safe environment  and that the Holocene is now ending its course,
just round the next corner in 1,500 years to experience the start of the next stadial, a glacial period that will last at least
80 kyr as given the orbital configuration, obliquity will not save us in 41 kyr. So instead of fighting an imaginary AGW
we'd better work as hard as we can to master all new forms of technologies that would give us an hedge to have cheap
energy at will (e.g. new generation of nuclear plants, nuclear fusion, etc.) to support the billions of us that will face that
future.

Figure 46. Departures of (a) summer air temperature (°C) and (b) Departures of annual precipitation (mm) from modern values for
the Pliocene climatic optimum (4.3 to 3.1 million years BP) from Budyko and Izrael (1987) after Folland et al. (1990).

The transition from the Pliocene climatic optimum (Figure 46) into the Pleistocene Ice Ages is of course of great interest
as it ends the good ol' times when temperature was warm to slowly but steadily delve into the quaternary ice ages. As
was underlined before, ice cores do not provide appropriate sampling means  for horizons spanning that far in the past,
i.e. here up to 4 Myr. But fortunately, there exists a meteorite impact in Russia, located 100 km north of the Arctic
Circle in Chukotka (67°30’N, 172°05’E), the 40Ar/39Ar dating of which thanks to impact glasses yielded 3.58 ± 0.04 Myr
(Layer,  2000).  The impact  origin is  well  established (Gurov et  al.,  2007) and (Layer,  2000) and the formation well
preserved from glacial erosion contains Lake El’gygytgyn which delivers a continuous sediment sequence recording a
complete lacustrine record of the Late Cenozoic climate history on centennial to millennial time scales, a gift.  The study
of this stratigraphic sequence shows that 3.6 to 3.4 million years ago, summer temperatures in Arctic Russia, were ~8°C
warmer than today as displayed on the Figure 46. As reported by Brigham-Grette et al. (2013) “At the time of the El
´gygytgyn impact 3.6 Ma, the North American Arctic had a more continental geography,  forests reached the Arctic
Ocean coast, Greenland was mostly ice-free, and permafrost was not widespread”. So the middle Pliocene climate,
between 3.6 to 3.4 Ma, was much warmer than that of today. The mean temperature of the warmest month of the
year reached +15-16°C (+8°C today) while rainfall,  indicated by the influx rates of sediment, was also substantially
greater in the past at 600mm/year compared to the 200m/yr average of today.
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The pollen-based reconstructions from Lake El’gygytgyn show that the largest cooling event of the mid to late Pliocene
occurred between 3.31 and 3.28 Myr, when steppe-like habitats developed around the lake. This event, a punctuation
mark in the overall  warm theme, is thought to have been related to a period in which the influence of the North
Atlantic Current declined significantly.  However, from 3.26 to 2.6 Myr, warm and moist  conditions prevailed,  with
warmest month temperatures 3-6°C greater than those of today. Finally, as reported by Brigham-Grette et al. (2013)
“At Lake El’gygytgyn, the first cold “glacial” sediment, Facies A, occurs at ~2.6 Ma; this facies, indicative of perennial
summer lake-ice cover and MAT at least 4° ±0.5°C colder than today, becomes common after 2.3 Ma during cooler
summer orbits, after an increase in low latitudinal temperature gradients in the Pacific”. Lake El’gygytgyn also records
the fact that during the Pleistocene there occurred a number of 'super-interglacials', e.g. Marine Isotope Stage (MIS) 31,
at about 1.07 Ma and  which displays temperatures some 4-5°C warmer than present.

From the lacustrine records  provided by Lake El’gygytgyn one can understand that CO 2 or not, anthropic emissions or
not, the climate has widely fluctuated from the Pliocene optimum to the later quaternary ice ages, overall following a
general cooling trend. Among the major parameters that drove this permanent climate change scheme but not limited
to, have been: the evolution and intertwining of the Earth's orbital characteristics and their consequences on insolation
at  various  latitudes,  the  establishment  of  lasting  high/low  pressures  schemes  and  associated  currents  (both
atmospheric and oceanic) and winds, the modulation of the solar activity and its effect on albedo (i.e. clouds and ice
sheets) through yet to be precisely determined mechanisms by far exceeding the sole Total Solar Irradiance TSI (e.g.
involving other and more powerful spectral bands as UVs), the establishment of meridional / latitudinal gradients, the
impact of geographical changes such as the closure of the Panama isthmus, all the previous factors having a direct
impact on humidity and precipitations as recorded by the lacustrine sediments and therefore the distribution (in 3D) of
the major GHG contained by the atmosphere, i.e. water vapor, including at high latitudes where normally its role is
reduced.

In short, we have a very complex climate system but be reassured the same hoary explanation will be ever proposed, as
cannot resist Brigham-Grette et al. (2013) “Elevated warmth across cold and warm orbital cycles during the “41,000-
year obliquity-dominated world” of the Pliocene and early Pleistocene is consistent with pCO 2 estimates of 280 to 400
ppm,  but  evidence  of  extreme  polar  amplification  exceeds  that  simulated  by  many  climate  models.  Mechanistic
explanations for observed trends in temperature and precipitation have yet to be determined, but imply high sensitivity
to CO2 forcing”. Take it or leave it, but it means: the models fail to represent the observed climate changes and 400
ppm are completely unable to account for the observations (given the log response), so there must be some “high
sensitivity  to  CO2 forcing”  hiding  somewhere!  Perhaps  we  could  (ex)change  the  respective  CO2/H2O  absorption
spectrums and atmospheric concentrations to match your desired needs?, or invent some obscure “retro-forcing” on
something?  No,  the climate changed a  lot,  CO2  just  followed the temperatures  according to  Henry's  law and the
adjustment of the out-gassing of the oceans at tropical latitudes, and a lot of work remains to be done to come up with
better explanations than the worn out “CO2  tinker knob”. Jiménez-Moreno et al.  (2019) rightfully stated that “The
Pliocene is a key period in Earth's climate evolution, as it records the transition from warm and stable conditions to the
colder and more variable glaciated climate of the Pleistocene. Simultaneously, climate became more seasonal in the
Mediterranean area, and Mediterranean-type seasonal precipitation rhythm with summer drought established”. The
previous study was conducted in the western sector of the Guadalquivir Basin in SW Spain, but Pliocene deposits are
very  typical  of  some Mediterranean  landscapes,  including  deposits  in  the  Côte  d'Azur  area  (France)  where  large
transgressions took place and deposited the well known “Pliocene pudding” with layers of up to more than 100 meters.
The change in the seasonal precipitation rhythm must have had a much larger impact on climate than whatever  CO2

changes.
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The last 66M years and the Paleocene-Eocene Maximum

Here we go, now we enter the realm of geology with a time window expanding back to 65 Myrs. For the geologist it is
just normalcy and not that impressive as, for example, most of the stratigraphic trips I made in the Alps used to focus
more onto the Triassic (251.9 Myrs ago) serving as decollement surfaces, a typical tectonic feature of regions of thrust
faulting  such  as  the  Alps,  the  Jurassic  (-201.3  Myrs)  or  the  Cretaceous  (-145  Myrs)  deposits  and  their  further
restructuring into the massive Alpine orogenesis. Tertiary deposits appeared rather recent in comparison and deposited
in molasse basins161, when the orogenesis had already advanced enough to produce the first erosion detritals removed
from the emergence of the future belt of mountains.

But thinking of how much the climate has changed over the last 3.5 Myrs that we have just covered, makes you dizzy
about speaking about events spanning over tens of millions of years. In fact, the very reason to embark on that trip is to
show how much different the world was from now, major mountain belts like the Alps or the Himalayans not having
formed yet, epicontinentals seas were covering wide parts of the current continents and oceans or seas promised to a
fatal destiny as the Thetys162 were still major parts of that past geography, see Figure 47.

Figure 47. 40 Myrs ago, the Alps, the Himalayan mountain belts did not exist, the Tethys ocean was to disappear (except a remnant
in the Eastern Mediterranean),  India will  collide  with Eurasia,  the northern motion of  the African plate  will  entirely
reshape the Mediterranean area, but some authors are obsessed by CO2 levels of the time!, map after “The Burgess
Shale163”, see also Scotese (2001, 2003), Boucot et al. (2013), Scotese and Wright (2018).

The northern migration of the African plate led to the connection between the Atlantic and Indian Oceans across the
Tethys being closed off (Bialik et al., 2019) in what is now the Middle East during the Miocene. During the Oligocene
(33.9 to 23 Myrs), large parts of central and eastern Europe were covered by a northern branch of the Tethys Ocean,
called the Paratethys which was an epicontinental sea (like the Northern Sea today). The Paratethys was separated
from the Tethys with the formation of the Alps, Carpathians, Dinarides, Taurus, and Elburz mountains during the Alpine
orogeny.  The Tethys  was  a  deep ocean and contained pelagic  species  (Dommergues and Guiomar,  2011)  and its
remains, located East of Malta (Bialik et al., 2019) and making the East Mediterranean, will disappear in the future as
the African plate keeps moving north.

This world is hardly recognizable and the atmospheric circulation, the monsoons (were there any?), the hydrographic
patterns,  the  precipitation  regimes,  the  oceanic  currents  operating  into  these  disappeared  seas  and  oceans,  the
weathering processes, etc., everything was entirely different and had necessarily an impact on the climate of that not

161https://en.wikipedia.org/wiki/Molasse_basin  and https://en.wikipedia.org/wiki/Molasse 
162https://en.wikipedia.org/wiki/Tethys_Ocean 
163https://burgess-shale.rom.on.ca/en/transcripts/slideshow_plate_tectonics.html
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so distant (in geological terms) past. But what is amazing is that you still have well conditioned authors, who activate
their Pavlovian behaviors, and immediately jump back on what? Guess it, the [CO2] levels as if  this had any major
importance into understanding what could have been those climates of the past! Well, they were six times higher than
now (i.e.  1700 ppm during the late  Cretaceous  Period).  So  what? Given the logarithmic radiative  response to an
increase of this trace gas and its narrow absorption lines and limited parts not yet overridden by water vapor (see
Chapter “Let’s get back to some Physics”), this is certainly not even the beginning of an explanation to how far the
Paleocene climate was from what we observe today.

We need more imagination to come up with some decent framework, a little bit like when Wegener and Alexander du
Toit (1937) had to fight to impose their plate tectonics framework to the defenders of the geosynclinal theory (Knopf,
1948,  1960),  created by U.S.  geologists  Hall  (1859,  1882)  and refined by Dana (1863).  Suess  (1875)  was  a  strong
opponent of the geosyncline theory as reminded by Brückl and Hammerl (2014) and is known for conceptualizing the
super-continent Gondwana (proposed in 1861) and the Tethys Ocean, but it took a long time before Wegener ideas, the
originator of the theory of continental drift by hypothesizing in 1912 that the continents are slowly drifting around the
Earth  (German:  Kontinentalverschiebung)  were accepted.  His  hypothesis  was  controversial  and widely  rejected by
mainstream  geology  until  the  1950s  and  many  universities  in  the  eighties  were  still  making  references  to  the
geosyncline framework. This gives us an idea of how long it can take to get rid of bad theories, but Arrhenius conjecture
has now lasted long enough. The δ18O stable isotope ratio was the first paleo-thermometer, proposed by Urey (1947)
and developed especially by Emiliani (1955)164.

Figure 48. Evolution of the Climate over 65 Myears from Zachos et al. (2008). Global deep ocean δ 18O. The climate curve is a stacked
deep-sea benthic foraminiferal oxygen-isotope curve based on records from Deep Sea Drilling Project and Ocean Drilling
Program (Zachos et al., 2001). As stated by Zachos et al. (2008) “The raw data were smoothed by using a five-point
running mean. The δ18O temperature scale, on the right axis, was computed on the assumption of an ice-free ocean; it
therefore applies only to the time preceding the onset of large-scale glaciation on Antarctica (about 35 million years ago).
The figure clearly shows the 2-million-year-long Early Eocene Climatic Optimum and the more transient  Mid-Eocene
Climatic Optimum, and the very short-lived early Eocene hyperthermals such as the PETM (also known as Eocene Thermal
Maximum 1, ETM1) and Eocene Thermal Maximum 2 (ETM2; also known as ELMO). ‰, parts per thousand”.

There are now several alternative proxy measures of ancient climate change, but the δ 18O data of Zachos et al. (2008),
based on a conglomerate of global ocean sediment cores, is well-suited for reconstruction purpose as it covers the
Cenozoic era with good temporal resolution. There are large, even dominant, non-climatic causes of δ 18O changes over
hundreds of millions of years (Jaffrés et al.,  2007), but non-climatic change may be small  in the past few hundred
million years (Wallman, 2001) and is generally neglected in Cenozoic climate studies. The principal data set used is the
temporal variation of the oxygen isotope ratio (δ18O relative to δ16O) in the shells of deep-ocean-dwelling microscopic
shelled animals (foraminifera) in a near-global compilation of ocean sediment cores.

164"Pleistocene temperatures" presented for the first time (1) variations in the composition of oxygen isotope ratios in carbonate
tests of marine planktonic foraminifera, sampled in 11-deep-sea sediment cores from the Pacific and Atlantic; (2) temperature
change of ocean surface water during the last 280 000 years; (3) an oscillation of warm stages (uneven stage numbers) and cold
stages (even stage numbers), i.e. the oxygen isotope stratigraphy; (4) ocean temperature cooling in association with glaciations
on the continents; and (5) the application of Milankovitch's orbital theory to determine the ice ages.
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The fact that the Earth's climate has been dramatically cooling since the Early Eocene Climatic Optimum (EECM) is well
displayed by Figure 48 and striking to any observer and has led many authors to promote conjectures to try to explain
it. The importance of weathering mechanisms were addressed in the section “CO2 removal from the Atmosphere” p. 52
and the processes by which huge quantities of  CO2 have been removed from the atmosphere by the alteration of
silicates were described. This was a boon that led some authors like Raymo et al. (1988) to assert “The cooling of global
climate over the past few million years may be linked to a decrease in atmospheric CO2 driven by enhanced continental
weathering in these tectonically active regions”, i.e. Himalayan and Andean mountain ranges and the Tibetan Plateau in
the referenced paper.

There is no doubt that weathering regulates largely the CO2  atmospheric content, but that [CO2] changes have had a
major impact on the climate is something that was dismissed easily, e.g. in the section dealing with the atmospheric
sensitivity to CO2.. When Raymo and Ruddiman (1992) say 4 years later “We propose that over the past 40 Myr, uplift of
the  Tibetan  plateau  has  resulted  in  stronger  deflections  of  the  atmospheric  jet  stream,  more  intense  monsoonal
circulation, increased rainfall on the front slopes of Himalaya, greater rates of chemical weathering and, ultimately,
lower  atmospheric  CO2 concentrations”  they  are  on  a  better  track  to  solving the climate  puzzle,  they notice  and
understand that these orogenesis have had a major impact on the atmospheric circulation including jet streams and
monsoons but they end up concluding that [CO2] are the explanation to the observed climate changes!

That kind of shortcut as well as in Klages et al. (2020) looks like an Obsessive Compulsive Disorder (OCD) whereby the
observer is confronted to a very complex system and finding a quick fix solution will  make it,  sooth anxieties, like
claiming that increasing or reducing the [CO2] content (i.e. the magic knob) will be good enough to explain it all.

Furthermore, it becomes clearer and clearer that the climate has a chaotic dimension, making its prevision a high risk
exercise and in that respect, let's quote Zachos et al. (2001) “Perhaps the most interesting and unexpected discoveries
of the last decade are the aberrations. These are loosely defined as brief (~103 to 105 y) anomalies that stand out well
above “normal” background variability in terms of rate and/or amplitude, and are usually accompanied by a major
perturbation in the global carbon cycle as inferred from carbon isotope data. The three largest occurred at ~55, ~34,and
~23 Ma, all near or at epoch boundaries. This last distinction is significant in that it implies that each of these climate
events may have also had widespread and long-lasting impacts on the biosphere”. Examples of such aberrations and
brutal climate change for the late Cretaceous and Paleogene can be found in Bralower et al. (2002).

Fortunately, some authors start considering that pCO2 played only a marginal role, if any, in the factors that may explain
the major climate change of the past, like the termination of the Oligocene glaciation, and did even notice that in this
particular case the termination of the glacial episode (stadial) was accompanied by a decreasing pCO2 (which shows
how little influence pCO2 has on climate change as its move was just opposite of what would have been expected).
Actually a study by O'Brien et al. (2020) of the Oligocene climate, Global Mean Surface Temperature GMSTs and p CO2

shows that not only there is no relationship between the two latter but that a continuous decline from p CO2 > 1000
ppm for  the  mid  Eocene  down  to  200-400  ppm (given  the  incertitude  range  of  their  Fig.  3)  for  late  Oligocene
corresponded to a situation where “Oligocene GMSTs were 22 to 24 °C (Fig. 3A), thus not significantly different from�
those of the late Eocene, 23 °C, and >8 °C higher than modern rather than 5 °C� ". Can the reader figure that out? Late
Oligocene  shows  pCO2 that  are  comparable  or  lower  than  current  values  and  the  GMST  are  >8°C  to  current
temperatures. Amazingly enough, instead of drawing the only reasonable conclusion from these evidences, i.e. that
pCO2 and GMST have little  relationship if  any at  all,  O'Brien et al.  (2020) amazingly state “This significant  upward
revision of GMSTs requires a reevaluation of estimates of climate sensitivity". In fact, these low levels pCO2 also went
along with the “Antarctic Thawing” as indicated in the next Figure 49, p. 133.

 Zachos (2001) rightfully identifies many other factors having a much more important role on climate than pCO2 and
lists some of those that he considers major determinants of climate status “A case in point is the transition into and out
of the long-term Oligocene glaciation. Thermal isolation of Antarctica by widening oceanic passages may explain the
initial  appearance  of  Antarctic  ice-sheets,  but  fails  to  explain  the  subsequent  termination.  New reconstructions  of
Cenozoic pCO2 have added another dimension to this argument, indicating that this termination occurred at a time
when greenhouse gas levels were declining or already relatively low. This reinforces the notion that moisture supply was
the  critical  element  in  maintaining  large  polar  ice-sheets,  at  least  during  the  middle  Cenozoic.  Although  globally
averaged precipitation should covary with pCO2, on regional scales other parameters such as circulation patterns need
to be considered as well. Future efforts to model the onset of Oligocene glaciation should investigate the role of the
hydrological cycle in maintaining large ice-sheets on an otherwise warmer than present Antarctic continent. Similarly,
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with low pCO2 over the last 25 My, tectonic events such as mountain building or oceanic gateway reconfigurations,
which  can  alter  ocean/atmosphere  circulation  and  heat  and  vapor  transport,  may  have  had  a  dominant  role  in
triggering large-scale shifts in climate” (Zachos et al., 2001).

One could add to this list:  orbital parameters and astronomical configuration determining insolation, solar activity,
albedo changes and cloud nucleation processes responding to variable triggering processes (e.g. Jiménez-Moreno et al.,
2019), weathering depending on the configuration of the major mountain belts undergoing erosion, volcanism and its
variable activity, biosphere status including its distribution and activity (Villa, et al., 2013), plate motions with changes
in ocean(s)  / continent distribution (Hay,  1996;  Fluteau,  2003;  DeConto,  2008),  e.g.  opening of the Drake Passage
around 30 Myr (Lyle et al., 2008), the Tethys Seaway closure which was not a gateway per se but rather a sea in its own
right and its subsequent closing during the Oligocene (~35 Myrs ago, i.e. late Eocene) had significant impact on both
ocean circulation and climate (von der Heydt and Dijkstra, 2006; 2008) and this constriction of the Tethys Gateway,
which previously linked the Indian and Atlantic oceans caused large-scale circulation changes that promoted global
cooling and the Oi-1 (marine oxygen isotope record) glaciation ~33.8–33.6 Myr ago (Francis et al., 2009), (Allen and
Armstrong, 2008), (Tripati and Darby, 2018).

The further closure of the Thetys is also documented by the study of benthic foraminifera and recorded in the next
stadial the Oi‐2b global glaciation as documented by Fenero et al. (2013) “The data from micropalaeontological study
(foraminifera  and  calcareous  nannofossils)  are  helpful  for  the  further  development  of  the  sequence  stratigraphic
analysis and for the understanding of the causes of an interpreted relative sea‐level change of the global climatic event
(Oi‐2b) in the western Tethys for the first time. Thus, the exhaustive analysis of Zarabanda section suggests that this
event indicates a sea level fall, which can be correlated to the major expansion of the Antarctic Ice Sheet that occurred
at approximately 26.7 Ma, e.g. the Oi‐2b global glaciation event”.

Therefore,  even  though  this  period  is  significantly  warmer  than  the  conditions  that  will  be  met  later  during  the
quaternary ice ages, and the early Eocene even appears as an optimum that could be close to what Earth has known as
the more favorable climatic conditions ever (Figure 49), it is well documented that for various reasons having little or
nothing to do with the [CO2], and some were aforementioned, the climate embarked on a significant roller coaster with
two noticeable glaciations that we mentioned, i.e. Oi-1 glaciation (~33.8–33.6 Myr ago) and Oi‐2b global glaciation
event (26.7 Myr ago) and the Early Oligocene glacial maximum was accompanied by intensification of atmospheric and
deep ocean circulation and elevated δ13C and productivity (Zachos et al., 1993; Salamy and Zachos, 1999).

Figure 49. 65 millions of Climate Change with Antarctic glaciations and thawing: Source Wikipedia

What one must understand is that the carbon dissolved in the oceans is, in mass, fifty times the carbon contained in the
air; Henry's law of degassing in exp(2400/T) says that the amount of dissolved carbon in the oceans decreases by 3%
when the water temperature increases by 1°C.  Therefore as explained by Veyres (2020a) “during some geological
epochs, e.g. including the "maximum" of the Paleocene Eocene transition some 56 million years ago, excursions of a few
degrees are reported, involving degassing of the order of at least 5°C x 3% x 50 = 7.5 times the current quantity in the
air and roughly 7.5 x 400 ppm = 3000 ppm out-gassed by the tropical oceans in the air”. So, given the high temperature
of the early Eocene it is no wonder that one might expect to find elevated levels of pCO2, as it is just the consequence of
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a very basic physical law. But in fantasy land and sticking to Arrhenius flawed conjecture as one could have stuck to
geosynclines of Hall and Dana, Pearson and Palmer (2000) assert that “Some authors have stressed the importance of
changing inputs  to the  atmosphere  such as  volcanic  and  hydrothermal  outgassing  or  metamorphic  decarbonation
reactions, while others have focused on outputs such as the weathering of silicate minerals and limestone formation or
organic carbon burial”. So basically, it could be anything165 but the obvious, i.e. the oceans adjusting their [CO2] to the
current ambient temperature, as this would endanger the very axioms of the dogma. This is amazing because the [CO2]
these  authors  report,  have  indeed,  nothing  surprising  given  the  new equilibrium reached  by  the  oceans  as  was
indicated before “We estimate  CO2 concentrations of more than 2,000 p.p.m.  for the late Palaeocene and earliest
Eocene periods (from about 60 to 52 Myr ago), and find an erratic decline between 55 and 40 Myr ago that may have
been caused by reduced CO2 outgassing from ocean ridges, volcanoes and metamorphic belts and increased carbon
burial” (Pearson and Palmer, 2000).

Around the Paleocene-Eocene Thermal Maximum (PETM) transition, one needs more than just CO 2 to account for the
climatic changes observed and therefore the most awkward conjectures flourish such as what is reported by Royer et
al. (2001) “A period of rapid climatic warming (~2°C global mean rise within 104 years that lasted 105 years) near the
Paleocene / Eocene boundary has been extensively documented. Although the leading hypothesis for the cause of most
of this warming is the rapid release of methane from marine gas hydrates and its subsequent oxidation to CO2 in the
atmosphere  and  ocean,  all  previous  attempts  to  resolve  this  possible  atmospheric  CO2 spike  have  failed”,  but
unfortunately, all attempts have failed, simply because they failed to consider the obvious, i.e. that [CO2] just follows T,
not the other way round, and has no impact on the climate or so limited that it is hardly noticeable. Finally, as one does
not shrink from any sacrifice of an unbridled imagination, Speelman et al. (2009) will come to the rescue of science
fiction with the Azolla bloom to opportunistically regulate the pCO2 knob at will to force T to follow pCO2 as all other
“models” failed. There is nothing wrong with studying the Azolla bloom or clathrate hydrates of CH 4 or CO2 or any other
gas and their transition phases, of course, but it seems preposterous to desperately try by all  means to relate the
temperature and climate to [CO2] or other GHGs supposedly coming to the rescue when the former is not enough by all
“forcing” mechanisms to account for the observations, as if no other factors were far more important.

The specific case of the PETM is interesting and following the way a story is built is telling. For example, Renssen et al.
(2004) do not hesitate to state that “The Paleocene/Eocene thermal maximum (PETM, ~55.5 Million years ago) is a
well-known example from the past of a period with drastic climate change due to massive releases of methane from
hydrates” giving as references for such an evidence two papers from Dickens et al. (1995; 1997). But when considering
these papers, one reads “Cause of rapid warming during the LPTM166 remains unclear but probably involves changes in
tectonism, thermohaline circulation, and atmospheric pCO2”. Reading more carefully is even more telling as Dickens et
al. (1997) say “Evidence for rapid >4 °C warming at high latitudes during the LPTM is abundant. Although it is unclear
how much of this warming can be attributed to changes in thermohaline circulation, massive input of carbon, and other
mechanisms  (there  are  probably  important  feedbacks  between  various  mechanisms),  stratigraphic  relationships
between oxygen and carbon isotopes of benthic foraminifera suggest that warming preceded (in part) massive input of
carbon during the LPTM (Thomas and Shackleton, 1996; Thomas, 1996). Thus, addition of carbon cannot explain all of
the inferred warming...” Bold added.

So from two papers where an hypothesis is conjectured, somehow even negated, a lot of unknowns listed and some
simulations made (including a convenient  upward move of the lysocline167 contributing much to the modeled CO2

165Among many other conjectures, Kellogg et al. (2019) attributes to the flood basalt volcanism resulting from the opening of the
north Atlantic (Storey et al., 2007), earliest at 56.1 ± 0.5 Myr, a GHG pulse that drove temperatures up 4-5°C, and estimate that
the subsequent decay lasted some 120–220 kyr, with a relaxation time to be about 50 kyr. It is funny to see how the AGW
community dismisses volcanism as a significant contributor to the CO2 overall emissions and current budget and is quick to resort
to it when it could help them explain major natural paleo-climate changes.

166LPTM, i.e.  Latest Paleocene Thermal Maximum, it was characterized by reduced oceanic turnover and decreases in global  δ13C
δ13C and in marine productivity Zachos et al. (1993).

167The lysocline is the depth in the ocean usually around 3.5km, below which the rate of dissolution of calcite increases dramatically
because of a pressure effect and lies atop the CCD, i.e. Carbonate (or Calcite) Compensation Depth or Aragonite Compensation
Depth (ACD). It was reported by Li et al. (1969), Allègre and Michard (1973; 1974) that with respect to a) calcite the Atlantic
becomes under-saturated below a depth of 4000-5000 meters, and the Pacific below a depth of 1500-3000 meters whereas b) to
aragonite the Atlantic becomes under-saturated below a depth of about 2300 meters, and the Pacific below about 300 meters.
“Since the distribution of temperature, salinity, and pressure are similar in the deep waters of both oceans, the difference in the
water depths at which the water becomes undersaturated with respect to calcite in the two oceans is due mainly to the difference
in the CO2 contents. This difference in the CO2 content is controlled by the pattern of deep circulation in the ocean” (Li et al.,
1969). Furthermore, the CDs levels are driven by the production of CO2 from the organic carbon in the water(s) and  as the Pacific
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release by changing the CCD), the next scientific evidence is to jump to Renssen et al. (2004) “Catastrophic releases of
methane gas from hydrates (clathrates) have the potential to cause rapid climate changes”. Not only does such a claim
appears completely unsubstantiated based on the references given, but the conclusion from Dickens et al. (1997) is
even more cautious “The LPTM hydrate dissociation hypothesis invokes three fundamental assumptions (Dickens et al.,
1995):  the  estimated mass  of  the present  day oceanic  hydrate  reservoir  (11 × 1018 g  of  C)  is  the correct  order  of
magnitude; processes controlling hydrate formation and distribution were the same in the Paleocene and present day;
and carbon transfer can occur between oceanic hydrates and the ocean-atmosphere inorganic carbon reservoir during
deep sea warming. None of these assumptions can be rigorously evaluated with current information”. Therefore from
two papers, the latest concluding that the hypothesis made is all but proven and that none of the assumptions it rests
on can be evaluated, the way the scientific story telling is now constructed jumps on asserting in the most affirmative
way that “This massive methane release had a profound effect on climate” (Renssen et al., 2004). Of course, to move
from weak science to pure science fiction one just needs one more step, and hereinafter it is “ In addition, there is
growing concern that the expected future global  warming may lead to hydrate instability and thus to an enhanced
emission  of  methane,  imposing  a  strong  positive  feedback  that  amplifies  anthropogenic  warming.  It  is  thus  very
important to quantify the impact of such a methane hydrate scenario on the climate system” (Renssen et al., 2004). 

Summary of the narrative: a weak hypothesis is made for a distant paleogeography, 55 Myrs ago, sharing little to
nothing with the current world and some simulations are run, leading to a lukewarm conclusion where the authors
honestly admit that nothing can be rigorously asserted, but from thereon other authors consider proof established by
means of a complete misrepresentation of the work of their colleagues, and go on to affirm further that anthropogenic
warming, in itself  a fantasy lacking of the first  embryo of irrefutable proof, will  amplify the former effect,  i.e.  the
previous weak conjecture taken for granted as supposedly demonstrated. There is something wrong with the realm of
science. Is that on that kind of science that politicians and rulers feel confident for imposing the most coercive and
unfounded measures that they envisage?

The PETM and later transition to the Oligocene show a myriad of other explanations possible, including orbital factors
in ice creation which can be seen with 100,000-year and 400,000-year fluctuations in benthic oxygen isotope records,
the creation of the Antarctic circumpolar current which isolated the cold water around the Antarctic and would reduce
heat transport to the Antarctic along with ocean gyres that result in the upwelling of colder bottom waters, or more
simply and realistically a reduced level in cloud condensation nuclei (CCN) and a change of the microphysical properties
of liquid water clouds (Kiehl and Shields, 2013), etc., basically as was indicated before, the recognition of a world apart
from  the  current  distribution  of  plates,  continents,  mountain  belts,  oceans,  currents,  etc.  with  massive  volcanic
eruptions in between like La Garita168, all that far better explain than the poor CO2 that climate has kept changing (as
ever).  The  passage  towards  -55  Ma  from 1375  ppm to  2250  ppm of  CO2 means  that  during  the  PETM we  can
legitimately presume a 64% growth of  the net primary productivity of the vegetation reinforced by the growth of
rainfall (Carmichael et al., 2017). The high temperatures of the ocean bottom (+8°C to +10°C compared to the current
one) are sufficient to explain the duration of the PETM, see Kiehl and Shields (2013) Fig. 2 p. 7. Though this PETM
episode  has  been  recently  attributed  to  massive  volcanic  emissions,  more  specifically  the  North  Atlantic  Igneous
Province (Gutjahr et al., 2017), with a massive pulse > 10,000 Gt-C over less than 5000 years  (Turner et al., 2017),
characterized by a strong carbon isotope excursion, this event needs more critical analysis and bears no similarity with
size and rate of the current pace of change.

For any geophysical and geochemical regime, it is the surface temperatures that determine the atmospheric content of
trace gases, water vapor or CO2 and not the other way around. Veyres (see footnote 13, p.  14) adds “at 0.01°C/year
(0.3 W/m²) losing 20°C takes 2000 years on the first 300 m of seawater and 20,000 years on the "average" 3800 m”.
Boulila (2019) explores the connection between cyclic and acyclic processes, as triggers or feedbacks, for these major
climate excursions,  but  they remain  somehow enigmatic  and help put  in  perspective the major climate variability
experienced by the Earth system, and this relegates to the background any anthropogenic disturbance.  Beyond the
reasons aforementioned, the slow but steady decline in temperature from the Eocene optimum to the Pleistocene can
be also related to additional  factors such a changes in albedo resulting from different circulation patterns or CCN

has a higher organic C content than the Atlantic, the ACD is much lower for the former (Allègre and Michard, 1973; 1974), p. 90.
and Sabine et al. (2004), Millero (2007) Fig. 25.

168La Garita volcanism was the second greatest of the Cenozoic Era. The resulting Fish Canyon Tuff has a volume of approximately
1,200 cubic miles (5,000 km3), giving it a Volcanic Explosivity Index rating of 8. The Fish Canyon eruption was the most energetic
event to have occurred on Earth since the Cretaceous–Paleogene extinction event 66 million years ago. The asteroid impact
responsible for the K-T mass-extinction, equivalent to 240 teratons of TNT was approximately one thousand times more powerful
than the Fish Canyon eruption.
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formation mechanisms, variations in the relative humidity of the TOA radiating towards the cosmos (a decrease leads to
water vapor emitting from lower therefore stronger) increasing the OLR, or even minor variations of the P atm which
could have slightly decreased reducing the effect of the gravitational lapse rate. In an Earth system where everything
has evolved over the last 65 Myr and had an impact on the climate how could it be that just the minuscule player CO 2

would be responsible for 100% of the climate changes observed? Does that make sense to marginalize all changes that
happened,  tectonic  organization,  plate  distribution,  atmospheric  and oceanic  circulations,  atmosphere's  properties
(albedo, OLR, etc.), volcanic bursts, solar activity (who can affirm that Sun's TSI was constant over 65 Myr) to focus on
the variations of just one tiny trace gas as the only regulating mechanism? How could it be? What logic would that
imply? 

One should notice that this warm Cenozoic environment which presented as high as eight time the present-day [CO2]
did not create disturbing conditions for coral fauna, at least in the Eastern Pacific where the study from López-Pérez
(2017) showed that the highest numbers of genera (>11) and species (>12) correspond with the middle Eocene to early
Miocene epochs. But, the only thing for sure that observed [CO2] decrease has led to, since the early Eocene, is a
transformation of the vegetation and of the biosphere depending on it. Plants had first to adapt to implement more
efficient means of using carbon dioxide available and this became more and more of a survival requirement as the
concentrations went down to critical level when the ice-ages replaced the previous warm and favorable climate. “The
decline of atmospheric CO2 over the last 65 million years (Ma) resulted in the `CO2-starvation' of terrestrial ecosystems
and led to the widespread distribution of C4 plants, which are less sensitive to  CO2 levels than are C3 plants. Global
expansion of C4 biomass is recorded in the diets of mammals from Asia, Africa, North America, and South America
during the interval from about 8 to 5 Ma. This was accompanied by the most significant Cenozoic faunal turnover on
each of  these continents,  indicating that  ecological  changes  at  this  time were  an  important  factor  in  mammalian
extinction. Mammalian evolution in the late Neogene, then, may be related to the  CO2 starvation of C3 ecosystems”
(Cerling et al., 1998).

The transition Eocene-Oligocene is characterized by extinctions that were attributed by Shoemaker and Shoemaker
(1990) to a mild comet shower. In fact, there were several successive crisis that led to a progressive but steady overturn
of the species. Prothero (2003) asserts that these extinctions “took place over about 10 million years, starting with a
major extinction in tropical organisms at the end of the middle Eocene, and followed by a significant global cooling
event and a lesser extinction event in the earliest Oligocene. In spite of the evidence of four impacts around 35-36 Ma,
no  short-term  extraterrestrial  events  or  volcanic  eruption  is  sufficient  to  explain  this  pattern  of  extinction.  The
overwhelming  evidence  for  global  cooling  and  oceanic  circulation  changes  argue  that  these  must  have  been  the
proximal cause of extinction. The likely triggers of this cooling were the development of the circum-Antarctic current
and the opening of the Norwegian-Greenland Sea”. This is indeed very interesting as it shows that many factors can
lead to major transformations of the habitats on Earth, be they cataclysmic like the encounter with another celestial
body or simply  due to natural  but  sustained climate change,  until  either transformation by adaptation of  straight
replacement  would  have  happened.  Undoubtedly  some  progressively  declining  global  atmospheric  carbon-cycle
equilibrium took place and must be related to many natural phenomenons, the slow decrease of the temperature being
the most important and leading to a better dissolution by the oceans of  CO2 and some other factors such as those
mentioned by various authors, including silicate  weathering due to the uplift of the Himalayas (Raymo and Ruddiman,
1992).

As studied by Barry et al. (2002) and reported by other authors (e.g. Cerling et al., 1998), a remarkable aspect of the
change in the fauna of the Pakistan Siwalik sequence is that the mammalian herbivore assemblage evolves from a C3-
dominated to a C4-dominated diet, apparently reflecting total replacement of the prevailing vegetation, the evidence
pointing to global  ecological  change in the late Miocene,  driven by gradual  CO2 starvation of  C3 plants and their
replacement by C4 plants (Barry et al., 2002). Again these significant changes in the biosphere, happening at 7.8 Myr
and 7.3 Myr during the late Miocene which were announcing the future ice-ages to come were driven by natural factors
and as stated by Barry et al. (2002) “The close correlation of latest Miocene species turnover and ecological change to
expansion  of  C4  plants  on  the  floodplain,  in  association  with  oxygen  isotopic  and  sedimentological  evidence  for
increasingly drier and more seasonal climates, causes us to favor explanations based on climatic change for both latest
Miocene pulses”. Finally,  Cerling et al.  (1998) go as far as considering that “ In North America the great extinction
affecting large mammals (including Equus, Mammut, Mammuthus) at the end of the Pleistocene has been variously
attributed to human overkill  or increased seasonality.  The vegetation changes observed during the Pleistocene and
discussed elsewhere in this paper raise the possibility of a different mechanism: ecological change due to CO2 stress”.
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This reminds us that CO2 is the gas of life and that it is its rarefaction and not a hypothetical excess that threatens the
biosphere on Earth.

Finally, the bigger picture is that for a given geochemical and biological steady state, the temperature is the parameter
that determines how much CO2 is found in the atmosphere as a result of Henry's law. For the current global mean
oceanic temperature, let's assume that we have 15°C and 19 ‰ Cl, therefore we dissolve around 40 milligram-atoms /
liter of carbon as free CO2 + H2CO3 and have a global stock as previously seen of 38,000 Gt-C of DIC. Would the global
mean  oceanic  temperature  be  raised  up  to  say  approximately  22-23°C,  as  during  the  Paleocene-Eocene  Thermal
Maximum (PETM), the oceans would only store 32 milligram-atoms / liter of carbon (see Figure 6) and thus only 30,400
Gt-C would remain in the oceans as DIC and 7,600 Gt-C would have to find their way into the atmosphere, increasing to
more than 8,470 Gt-C the overall content, which is 3982 ppm, just around what the maximum 4,000 ppm of the PETM
are expected to have been. So there is no wonder to find 4,000 ppm of CO 2 during the PETM, it is just the logical
equilibrium determined by Henry's  law between the vast  DIC oceanic reservoir  and the atmosphere.  CO 2 has just
adjusted itself to the various reservoirs according to the temperature and has in no way been responsible for the PETM
temperature change.

«What historians will definitely wonder about in future centuries is how deeply flawed logic, obscured by shrewd and
unrelenting propaganda, actually enabled a coalition of powerful special interests to convince nearly everyone in the
world that CO2 from human industry was a dangerous, planet-destroying toxin. It will be remembered as the greatest
mass delusion in the history of the world - that CO2, the life of plants, was considered for a time to be a deadly poison».
Richard Lindzen
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The last 540M years, mass extinctions and beyond

The 66 Myr that have been quickly addressed, corresponding to the Cenozoic, represent an amazing length of time for
any human being, but still is just 1,46% of the Earth existence. This puts into a better perspective the geological records
to  which  geologists  are  used  to  and  gives  a  better  idea  of  the  geochemical  and  geophysical  processes  at  work.
Astronomers are even used to more daunting figures, both in time duration and space. And one should not forget that
the Earth is also, first and foremost, an astronomical object, orbiting around a G0 star somewhere in the Orion–Cygnus
Arm of an unremarkable spiral galaxy, the Milky Way, except that it is ours. The Orion Arm is a minor spiral arm of the
Milky Way Galaxy that is 3,500 light-years (1,100 parsecs) across and approximately 10,000 light-years (3,100 parsecs)
in length, and this Local Arm is between the Carina–Sagittarius Arm (toward the Galactic Center) and the Perseus Arm
(main outer-most arm and one of two major arms of the galaxy).

The distance to which astronomers have been able to compute double stars orbits and therefore access to the real,
physical mass of some stars is roughly 1000 light-years, therefore not even the thickness of the local Arm, this is our
immediate astronomical neighborhood. The solar system is located at 10,000 pc (or 10k pc) from the center of the
galaxy which would look like a pancake with a radius of 30k pc and 5k pc thick in its center. On geological time scales,
cold periods, with supposed cooling of several degrees including glaciations or at least widely expanding glaciers return
every 130 to 150 (say 138 million years), and could correspond to the passage of the solar system in the one of the arms
of the galaxy (Shaviv, 2002, 2003), arm where the flux of cosmic rays is stronger than between the arms (Shaviv and
Veizer, 2003), (Veizer, 2005), and also at the passage of the solar system in the plane of the galaxy, or even to "near"
supernova explosions. The Milky Way having a somehow an irregular shape, these mechanisms do not operate with a
perfect return-time, but give a general idea of the periodicity. Therefore, the climate over hundred of million of years
cannot be dissociated from the trajectory of our spatial galactic vessel, i.e. the Earth, into its galactic environment,
following the Sun in its course. 

The limit between the Cenozoic (-66 Mys) and the Mesozoic (-252 to -66 Mys), is characterized by a catastrophic event,
the Cretaceous–Paleogene (K–Pg) extinction, also known as the Cretaceous–Tertiary (K–T) extinction, which led to the
disappearance of more than three-quarters of the plant and animal species on Earth. The reasons have been widely
debated, and two concurrent hypothesis were proposed. The impact of a 10-15km large asteroid is now considered the
most probable reason, since the discovery of the Chicxulub crater in the Gulf of Mexico's Yucatán Peninsula.  It is also
reported that other crater-like features have also been proposed as collateral impact craters formed in connection with
the K-T extinction and suggests the possibility of  near-simultaneous multiple impacts,  perhaps from a fragmented
asteroidal object similar to the Shoemaker–Levy 9 comet and subsequent impact with Jupiter (Poyet, 2014).

The recent paper from Henehan et al. (2019) would let one believe that the alternative volcanic hypothesis (Courtillot
et al., 1988, 1996), (Keller et al., 2009), i.e. the Deccan Traps, is unfavored by now. Its title is curious as it shows more
how any research has to try to conform to the fashionable thesis of the AGW theory, here a flash acidification of the
oceans, than presenting a more balanced view on this remarkable event. As a major object like the one involved in the
K-T extinction hits the Earth, one can expect a fantastic disruption of the Earth ecosystem, and the enormous quantities
of atmospheric nitrogen that would be burnt by the impact fireball would create acid nitric rain that would anyway
increase the acidity of soils, lake and shallow waters of the oceans. The paper itself is way more nuanced than its title
would hint to “However, the mechanism (or mechanisms) by which impact drove global-scale ecosystem turnover and
mass extinction is less certain.  Among the most prominent hypotheses are global  darkness and associated primary
productivity loss leading to food chain collapse, acid rain, impact winter, and flash ocean acidification. Some of these
mechanisms are supported by modeling work but, critically, they generally lack empirical validation. Furthermore, the
issue  is  complicated  by  the  possibility  of  contributing  effects  from  ongoing  or  intensified  Deccan  flood  basalt
volcanism...” (Henehan et al., 2019).

From the current astronomical inventory, over the past several hundred million years several comet nuclei > 10 km
have collided with the Earth (mean impact velocity is 3.3. times higher for comets than asteroids but their density is less
well known) and by virtue of the ratio of the surface occupied by the oceans and the continents, the odds are that 70%
of these collisions happened in the sea or the oceans creating massive tsunamis. It was estimated by Shoemaker and
Shoemaker (1990) that comet nuclei having a diameter of 2.5km should collide with Earth about once every 10 million
years, on average and that five Earth-crossing asteroids, in the range [0.9-1.7km], would collide with Earth every million
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year or so. Hoyle and Wickramasinghe (2001) went as far as thinking that regular comets impacts in the ocean, in the
range of 1015 to 1016g, could release enough water vapor to trigger an interglacial, though as we have seen Figures 36
and  45, these interstadials “are necessarily short-lived, eventually drifting back to glacial conditions on timescales of

10 kyr� ”. Furthermore, the Earth resides in an asteroid swarm of more than a thousand of such magnitude 18 objects
[0.9-1.7km]. Some authors suggest, in order to combine the two hypothesis,  that the Chicxulub impact could have
triggered some of the largest Deccan eruptions169, as well as eruptions at other active volcanoes. Therefore, the only
thing for sure is that, be it an asteroid, a comet or the massive release of lavas by vast volcanic provinces, or both, the
Earth ecosystem was nearly entirely destroyed during the K-T event, and that reminds us that the Earth has its own life
and that mankind is just one passenger among others of an astronomical body.

On a philosophical standpoint, thinking of limiting our emissions as if they were the cause of the current warming
(which  started long before  the industrial  era  at  the end of  LIA)  in  order to “freeze” the natural  on-going climate
variations is both naive and childish, kind of an immature desire to make last longer the “good times”. But they were no
better times before, just an ever changing world to which mankind must adapt, warming, cooling, corona-virus(es)
hitting, Near-Earth Objects170 (NEO) by the thousands, some approaching undesirably (e.g. 99942 Apophis, near-Earth
asteroid with a diameter of 370 meters, see Figure 50) “Of the over 18,000 NEOs known today (June 2018), there are
nearly 2,000 objects classified as potentially hazardous objects (PHOs)” (UN-OOSA, 2018), or else.

Figure 50. Animation of 99942 Apophis's orbit – Close approach on April 13, 2029. Source: Wikipedia171. Apophis is displayed on the
left on April 23rd, 10 days after closest encounter, and visible on the right on April, 13 th slightly past closest encounter at
39,828 km! (in fact will come no closer than 31,200 km), i.e. 1/10 th of the distance between the Earth and the Moon, and
will nearly also collide with the Moon, visible on the right, a few hours later on April 14th, 2029 around 17:00 UT.

Past this K-T boundary, this document is not the place to explore the geological records all through the Phanerozoic
(Mesozoic and Paleozoic representing 541 Myr down to the beginning of the Cambrian) or even why not all through the
Proterozoic down to the Archean (-2.5 Gyr) or more, one will simply notice that, while the AGW supporter have scared
the masses with the possibility of a transgression, the famous Sea Level Rise, the end of the mesozoic, i.e. the late
Cretaceous, just before the K-T event, is characterized by one of the most notable regression of the geological times,
the Maastrichtian regression, a drop in sea level for which there is no direct known cause, one hypothesis being that
the mid-ocean ridges became less active and sank under their own weight.

Natural climate change kept happening as this regression would disrupt winds and ocean currents and logically reduce
the  Earth's  albedo  (cloud  formation  would  be  limited  by  reduced  sea/ocean  extension)  and  increasing  global
temperatures,  which anyway were considered to be during the Cretaceous 10°C more than during Cenozoic.  This
regression, by reducing continental shelf area, was certainly not of the taste of all living species and Marshall and Ward
(1996) report that the “analysis of latest Cretaceous outer-shelf macrofossils from western European Tethys reveals
either a faunal abundance change or an extinction of up to nine ammonite species associated with a regression event

169https://en.wikipedia.org/wiki/Cretaceous-Paleogene_extinction_event 
170https://cneos.jpl.nasa.gov/  https://en.wikipedia.org/wiki/List_of_Earth-crossing_minor_planets 
171https://en.wikipedia.org/wiki/99942_Apophis 
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shortly  before  the  boundary,  gradual  extinction  of  most  inoceramid  bivalves  well  before  the  K-T  boundary,  and
background extinction of approximately six ammonites throughout the latest Cretaceous”.

This K-T extinction is unfortunately not the only one in the geological records. In fact, and from our precarious situation
in the cosmos one will not be surprised to learn that five major such extinctions172 have been acknowledged during the
Phanerozoic eon (Raup and Sepkoski, 1982), but it is a rather arbitrary count and depending on the way one assesses
the impact of the event(s) on the biota, others could be added to the list. It will not be appropriate to go into the details
of these extinctions, but the reader should sense that over the last 10% of the Earth existence or so, all forms of life
have been threatened in their very existence more than five times on this planet. A short list of the damages is given
here:

� at the Ordovician–Silurian transition (450–440 Myr ago), two events occurred that killed off 27% of all families,
57% of all genera and 60% to 70% of all species;

� near the Devonian–Carboniferous transition (375–360 Myr ago), in the later Devonian Period, a prolonged
series of extinctions eliminated about 19% of all families, 50% of all genera and at least 70% of all species;

� at the Permian–Triassic transition (252 Myr ago), Earth's largest known extinction killed 57% of all families,
83% of all genera and 90% to 96% of all species! (53% of marine families, 84% of marine genera, about 96% of
all marine species) and an estimated 70% of land species including insects and the recovery of vertebrates took
30 million years!

� at the Triassic–Jurassic transition (201.3 Myr ago), about 23% of all families, 48% of all genera (20% of marine
families and 55% of marine genera) and 70% to 75% of all species became extinct;

� finally, at the Cretaceous–Paleogene (or K–Pg), extinction event that was mentioned before, about 17% of all
families, 50% of all genera and 75% of all species became extinct.

Though the idea proposed by Raup and Sepkoski (1982) that “Background extinction rates appear to have declined
since Cambrian time” is disputed, it would seem just reasonable that the rate of encounter with other bodies has just
kept  subsiding  from very  high  distant  rates  (3.5  Gyr  ago)  when  the  solar  system was  much  more  crowded.  The
blossoming of new species or the opposite mass extinctions were driven by transgressions, regressions, plate motions
with  subduction,  collision,  obduction,  or  simple  subsidence,  flood  basalt  events,  current  atmospheric  or  oceanic
patterns changes, modifications in the oceanic overturn, anoxic events, geomagnetic reversal, orogenesis of all sorts, a
collision with an extra-terrestrial body from time to time to remind us our place, continuous variations of the Earth's
orbital parameters and gravitational interaction with our neighbors, a bit of solar variability (most stars are variable
stars anyway), a short list which is a good recipe for natural climate change, don't you think ? Of course, climate is a
combination of all these factors, and many more, and not the result of the increase of 0.007% of the concentration of a
trace gas. 

Figure 51. 100 Myrs ago, the Alps and all the mountain belts eastward to the Himalayan did not exist, the huge Tethys ocean was to
disappear,  Middle East  and Arabian plate did not  exist,  the Indian plate had just started it  motion N,  Africa and S.
America were separating, and much more!, but if there is a problem with what you observe as a geologist, invoke CO 2 !.
See also Scotese (2001, 2003), Boucot et al. (2013), Scotese and Wright (2018).

172https://en.wikipedia.org/wiki/Extinction_event  is a very well documented paper
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This is why, in the middle of this late Cretaceous warmth, it becomes funny to read Klages et al. (2020) who make the
demonstration of a perfect example of a CO2 OCD trouble when they report the existence of temperate rain-forests
near the South Pole during peak Cretaceous warmth.

From the very short presentation made before, one can imagine how far this world could have been from ours, but still
Klages  et  al.  (2020)  will  explain  everything  by  the  convenient  molecule,  the  famous  CO2 scapegoat:  “The  mid-
Cretaceous was one of the warmest intervals of the past 140 million years (Myr)  driven by atmospheric    CO2 levels
around 1000 ppmv. In the near absence of proximal geological records from south of the Antarctic Circle, it remains
disputed whether polar ice could exist under such environmental conditions. Here we present results from a unique
sedimentary sequence recovered from the West Antarctic shelf. This by far southernmost Cretaceous record contains an
intact ~3 m-long network of in-situ fossil roots. The roots are embedded in a mud-stone matrix bearing diverse pollen
and  spores,  indicative  of  a  temperate  lowland  rain-forest  environment  at  a  palaeolatitude  of  ~82°S  during  the
Turonian–Santonian (93–83 Myr). A climate model simulation shows that the reconstructed temperate climate at this
high latitude requires  a combination of  both atmospheric  CO2 contents of  1120–1680 ppmv and a vegetated land
surface without major Antarctic glaciation, highlighting the important cooling effect exerted by ice albedo in high-CO 2

climate worlds”. (Klages et al., 2020). One will notice the precision, as these authors have nudged up the number in a
couple of sentences from around 1000 pppv to up to nearly 1700!

No, the temperatures were not “driven” by 1000 ppmv, or 5000 pppv or even ten times more, they were just the result
of a completely different world, see Figure  51. What  Klages et al. (2020) report is what makes Geology amazing, but
their total lack of imagination prevent them from just lifting the corner of the veil on this distant past. I will add that the
50,000 to 500,000 ppm [CO2] estimated by Kasting (1993) did not prevent the Huronian glaciation more than 2 Gyr ago.
Climate is the result of the combination of so many factors, a little bit the synthesis of all the knowledge gathered in all
the disciplines involved to be able to sketch and make alive again in our imaginations these far-off worlds, so the plus or
less  of  0,0X% of  the atmospheric  content  of  a  trace  gas  is  anecdotal,  please give  us  a  break  with  that;  one  will
furthermore notice that its concentration has varied a lot through geological times as shown on the Figure 52 below.

Figure  52.  The parameter RCO2 is defined as the ratio of the mass of CO2 in the atmosphere at some time in the past to that at
present (with a pre-industrial value of 300 parts per million) Berner (1997), see also Berner and Kothavala (2001) Fig. 6, p.
195, Berner (2006) Fig. 18, p. 5662.

As reminded by Happer (2003) «For example, as documented by the work of Berner (1997) atmospheric carbon dioxide
concentrations were some five times higher than those now from about 300 million years to 30 million years ago, a
geological  period of  flourishing  life  on earth.  For most  of  the time since the first  fossils  of  advanced forms of  life
appeared in the Cambrian era, some 600 million years ago, the earth’s climate has been somewhat warmer than at
present, and the poles have had little or no ice cover. The exceptions were two ice ages, similar to the present one, the
Gondwanian, about 280 million years ago, and the Ordovician, about 430 million years ago. Both ice ages coincided
with unusually low levels of carbon dioxide in the atmosphere, much as we have experienced at present. It is hard to
understand hysteria over manmade increases in carbon dioxide levels that will  not  even bring atmospheric  carbon
dioxide levels up to their norm for most of geological history, and which will probably help to prevent the next advance
of ice sheets.  So we should be very careful about taking actions that will certainly cause great economic harm», for
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daring  to  think  along  these  lines,  Happer  (2003)  was  fired  from his  position!  Happer  was  the  Director  of  Energy
Research of the Department of Energy in the early 1990s. However, after a few months following the election of Bill
Clinton and Al Gore in the fall of 1992, Secretary O’Leary called him to say that he was unacceptable to Al Gore and his
environmental advisers, and that he had to be replaced.

Figure 53. The cryogenian is considered as probably the most severe episode of global glaciation, with two successive episodes: the
Sturtian and Marinoan glaciations, thought to be global in extent, shown up clearly in this graph of carbon-13 (thought to
be an indicator of biological productivity). The glaciations are at 710 and 650 Myr. A later glaciation at 580 Myr is also
indicated, i.e. (Varanger or Gaskiers), although its nature remains elusive. The mantle value for δ13C is believed to be -5
to -6 ppm. When this actually was the sediment value, photosynthesis had nearly ceased. After Banik (2016).

We have knowledge of the existence of distant glaciations:

� in the very distant Huronian -2470 to -2210 Myr;
� then at the end of the Precambrian during the Cryogenian, i.e. between -720 to -630 Myr probably the most

severe of all which may have produced a Snowball Earth in which glacial ice sheets reached the equator with
two  episodes  (Banik,  2016),  i.e.  Marinoan  (ca.  645-635  Myr)  and  Sturtian  (ca.  717-659),  see  Figure  53,
according to Stern and Miller (2019). Hoffman et al. (2017) state that geochemical data evidence that CO 2 was
102 Present Atmospheric Level (PAL) which obviously did not prevent the extremely severe glaciation, though
the global character of the event is somehow refuted by Etienne et al.  (2007) on stratigraphical grounds;

� then during the late Ordovician and Silurian, the so-called  Andean-Saharan glaciation occurred from -460 to
-420 Myr ago for which an extra-terrestrial trigger has recently been conjectured (Schmitz et al., 2019);

� then with the Karoo glaciation,  named after the glacial  tillites found in the Karoo region of  South Africa,
referred to as  Late Paleozoic there were extensive polar ice caps at intervals from -360 to -260 Myr ago in
South Africa during the Carboniferous and early Permian Periods. Correlatives are known from Argentina, also
in the center of the ancient super-continent Gondwana.

Beyond  classical  Milankovitch (1949)  factors,  based  on  Earth’s  orbital  parameters,  one  should  not  eventually
underestimate how continents distribution, reliefs and high plateau may modify the global atmospheric circulation and
lead to glaciations. This is the hypothesis of Raymo and Ruddiman (1992), «An important implication of the plateau
uplift hypothesis is that even steady-state plate motions can lead to non-steady-state effects on climate and, hence,
possibly global relief. Continent-continent collisions which result in plateaux of the magnitude of Tibet are infrequent
and episodic. Consequently, the accompanying effects of uplift (perturbation of atmospheric flow, large monsoons, and
intense erosion and weathering), should be comparably infrequent. Over the past 700 Mys, only two other time periods
were characterized by Tibetan-size plateaux, the late Precambrian and the late Palaeozoic; these were also intervals of
widespread continental glaciation».

The irregular growth over time of the cratons and of their assembling is also well addressed by Des Marais (1992)
focusing on Proterozoic orogenies.  “Commencing at 2.2-2.1 Gyr, the large continental plates that had assembled for
the first time in the late Archean to early  Proterozoic  underwent  rifting and,  later, orogeny on a globale  scale, as
evidenced by massive basic and ultra-basic dyke swarms and Andean-type orogenic belts. Post-Archean tectonic styles
display an increasing prominent early rift stage and a well developed terminal stage of orogeny. The earliest-known
glaciations occured during this interval...” Des Marais (1992). Declining atmospheric CO2 concentrations over the past
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2.5 Ga are, however, qualitatively consistent with the observed increase in the 13C/12C ratio of marine kerogens. (Des
Marais, 1992), though they might have remained very high as a study by Kaufman and Xiao (2003) of carbon isotopes in
individual organic-walled microfossils extracted from a Proterozoic shale in North China dated -1.4 Gyr, where they
report “calculated magnitudes of the carbon isotope fractionation in these large, morphologically complex microfossils
suggest  elevated  levels  of  carbon  dioxide  in  the  ancient  atmosphere—between  10  and  200  times  the  present
atmospheric level”. More speculatively, but interesting is the simulation by Walker (1985) of an Archean Earth devoid of
continents with an early ocean rich in carbonic acid with a lower pH, and a total mass of carbon in the ocean and the
atmosphere combined of up to 1022 gr, which would have yielded a carbon dioxide partial pressure close to 10 bars, and
Kasting's computational methods used for the circumstance, i.e. (Kasting and Ackerman, 1986), show that while this
much carbon dioxide leads to a hot Earth, it is not so hot as to cause a runaway greenhouse effect which would only
happen with a patmCO2 of more than 100 bars. Kasting (1987) even concluded that “the critical solar flux at which a
runaway greenhouse occurs, that is, the oceans evaporate entirely, is found to be 1.4 times the present flux at Earth's
orbit (So). This value is close to the flux expected at Venus' orbit early in solar system history. It is nearly independent of
the amount of CO2 present in the atmosphere, but is sensitive to the H20 absorption coefficient in the 8- to 12-μm
window region”.

Right now a paper from Arnscheidt and Rothman (2020) analyses the routes to global glaciation, especially low-latitude
glaciation most prominently observed towards the end of the Neoproterozoic Era (1000–542 Myr ago), and conjecture
that glaciations could be initiated when incoming radiative fluxes exceed a critical rate of change, putting more an
emphasis  on  the  time  derivative  of  the  processes  and  state  “radiative  flux  perturbations  can  initiate  transient
glaciations quite far from the instability boundary” and furthermore “Because rate-induced glaciation can be initiated
via one-way movement between two long-term stable states, the co-occurrence of transient glaciations with periods of
major biogeochemical transition in Earth’s geologic past could reflect a fundamental characteristic of the Earth system
rather than a mere coincidence. Intriguingly, transient catastrophic climate disruptions may be a general feature of
Earth-like  planets  that  move  between  different  stable  states  too  quickly”.  One  should  notice  that,  rightfully,  for
Arnscheidt  and Rothman (2020)  a  climatic  catastrophe  is  a  glaciation and certainly  not  a  transient  warming  that
benefits all.

No need to go any further into the geological records, it should be clear from now on, why even a limited knowledge in
physics,  historical  geology,  stratigraphy,  paleontology,  tectonics,  astronomy,  etc.  should  make  anyone  extremely
cautious with overly simple(istic) explanations, i.e. the convenient “CO2 climate control button”. In fact, studies of the
potential relationship between the global temperature and CO2 concentration show that there is no correlation at all,
e.g. Davis (2017) concludes that his analysis "demonstrates that changes in atmospheric  CO2 concentration did not
cause temperature change in the ancient climate," which findings, he adds, "corroborate the earlier conclusion based on
study of the Paleozoic climate that global  climate may be independent of variations in atmospheric carbon dioxide
concentration" (Came et al., 2007).

Life is made of carbon and 500 million years of historical geology have taught us that life strives with warmth and
moisture and fortunately they most often come together, dry and hot deserts remain geographical anomalies. CO 2 is of
course the primary source of carbon and therefore supports every form of life on this planet. Glaciations meant death
on wide scales, e.g. including the disappearance of 80% of the temperate forests and of so many species needing them
for their habitat and an 80% reduction of the extension of coral reefs and of the marine ecosystems that go along; cold
has always spread death and desolation, strongly reducing all forms of living productivity (Jaccard et al., 2005).

The Earth has never been so cold over its entire geological history and the last 0.2% of its existence (900 kyr) has seen
the most catastrophic succession of glaciations, such that hominids could only survive by mainly being a tropical species
and finding refuge essentially in Africa living between the tropics. The end of the inter-glacial will alas come sooner than
later, and mankind should work to be better prepared for the challenge, mastering vast sources of nuclear energy to
help grow plants in green-houses to feed billions when agricultural productivity will fall because of cooling.

The fight against CO2, led by a suicide squad who got a Nobel price for it, is the most stupid and nonsensical idea
devised ever.

It is a crime against Life.
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William Herschel theoretical and observational work provided the foundation for modern binary star astronomy; he
was the first to recognize the orbital relationship that may physically link together double stars (Poyet, 2017a-b) and
not consider them to be just fortuitous alignments «I may therefore immediately go to the second, which treats of
binary sidereal systems, or real double stars» (Herschel, 1803). He is also the discoverer in 1800 of infra-red radiations
(IR), that characterize the absorption spectrum of trace gas that we have studied in this work, water vapor first, though
it is unclear whether this discovery happened while testing solar filters to observe solar spots or rather pioneering the
use of astronomical spectrophotometry, using prisms and temperature measuring equipment to record the wavelength
distribution of stellar spectra.

But the reason to mention Herschel’s work here, is that he ventured into the speculation that there would exist a link
between solar  irradiance and climate.  This was based on an apparent  correlation he had found between sunspot
numbers and the price of wheat, and Herschel (1801) reported «The result of this review of the foregoing five periods is,
that, from the price of wheat, it seems probable that some temporary scarcity or defect of vegetation has generally
taken place, when the sun has been without those appearances which we surmise to be symptoms of a copious emission
of light and heat» p. 316. The hypothesis that there would exist such a relationship did not bring him fame, as this had
already happened thanks to his discovery of Uranus on March 13, 1781 but rather mockery and elicited guffaws (from
Lord Brougham among others). It took some time before this relationship would be further investigated and confirmed
by two researchers in Israel who have found a statistical link between the activity of the Sun and the price of wheat in
seventeenth-century England, confirming that “at the point in the solar cycle when sunspots were least likely, wheat
prices tended to be high” (Pustilnik and Yom Din, 2004).

This is well summed up by Pustilnik and Yom Din (2004) «The results of our study show: a) The coincidence between the
statistical properties of the distributions of intervals between wheat price bursts in medieval England (1259-1702) and
intervals between minimums of solar cycles (1700-2000); b) The existence of 100% sign correlation between high wheat
prices and states of minimal solar activity established on the basis of 10Be data for Greenland ice measurements for the
period 1600-1700. These results imply a causal connection between solar activity and wheat prices in medieval England.
This conclusion is consistent with our conceptual model of the causal chain, consisting of “solar activity – cosmic ray
intensity – terrestrial weather – wheat production – wheat price” that presented in this work». They add that for all ten
solar cycles between 1600 and 1700,  high wheat prices coincided with low activity,  and vice versa and that  «the
probability of this happening by chance is less than 1 in 500».

Therefore, changes in solar activity alter the strength of the solar wind, i.e. the stream of charged particles that flows
from the Sun throughout the solar system (Parker, 1958173).  When the solar wind is strong, it is more difficult  for
charged particles from deep space to penetrate Earth's atmosphere. Once in the atmosphere, these cosmic rays collide
with molecules in the air to produce ions, which help cloud droplets to form. So in periods of high solar activity the skies
are less cloudy. Over the past few years, satellite observations have confirmed this link as well as results from the
Earthshine project  which studies the modulation of  the albedo (Pallé et  al.,  2004a).  One should remember that  a
change of albedo of a tiny 3% (say from 31% down to 30%) is equivalent to the warming anticipated by a doubling of
[CO2]. The tidal forcing of the planets on the solar surface and solar wind has been explored by Poulos (2016; 2020).

In fact this line of reasoning has been explored probably first by Denton and Karlén (1973) using C14 variations measured
from tree rings “Short-term atmospheric C14 variations measured from tree rings correlate closely with Holocene glacier
and tree-line fluctuations during the last 7000 yr. Such a correspondence, firstly, suggests that the record of short-term
C14 variations may be an empirical indicator of paleoclimates and, secondly, points to a possible cause of Holocene
climatic variations. The most prominent explanation of short-term C14 variations involves modulation of the galactic
cosmic-ray flux by varying solar corpuscular activity”, then Tinsley and Deen (1991) and later by Svensmark and Friis-
Christensen (1997) and Marsh and Svensmark (2000), Carslaw et al. (2002), Kirkby (2007) as reminded by Veizer (2005)
“In this alternative, an increase in TSI results not only in an enhanced thermal energy flux, but also in more intense solar

173When Eugene Parker submitted a paper on his discovery of solar wind in 1957, two eminent reviewers rejected the paper.
However, since Chandrasekhar was editor of the Astrophysical Journal and could not find any mathematical flaws in Parker's
work, he went ahead and published the paper in 1958.

144



wind that attenuates the CRF174 reaching the Earth. This, the so-called heliomagnetic modulation effect reflects the fact
that the solar magnetic field is proportional to TSI and it is this magnetic field that acts as a shield against cosmic rays.
The terrestrial magnetic field acts as a complementary shield, and its impact on CRF is referred to as geomagnetic
modulation” (Beer et al., 2002). As Carslaw et al. (2020) sum it up “It has been proposed that Earth’s climate could be
affected by changes in cloudiness caused by variations in the intensity of galactic cosmic rays in the atmosphere. This
proposal  stems from an observed correlation between cosmic ray intensity and Earth’s  average cloud cover … the
observation has raised the intriguing possibility that a cosmic ray–cloud interaction may help explain how a relatively
small change in solar output can produce much larger changes in Earth’s climate”.

To summarize, what could be classified under “astronomical influences” on the climate may be decomposed under:

� either direct solar influences (Le Mouël et al., 2008), e.g. variations in TSI due to changes in solar activity (Hoyt
and Schatten, 1993, 1997; Shapiro et al., 2011; Soon et al., 2015) which could be as high as ± 4.5 W/m2 since
1750 (Judge et al., 2020) as compared to IPCC estimate for 2XCO2 anthropogenic forcing of 2.2 ± 1.1 W/m2 or
of just 1.3 W/m2 for Smirnov (2020), or indirectly through modifications of the cloud formation processes due
to changes in the CFR received, or through other amplification mechanisms (Shaviv, 2008; Rabeh et al., 2011);

� or indirectly through orbital variations (Javier, 2016a), i.e. eccentricity (as the Earth is subject to the influence
of the other planets, especially the closest giants Jupiter and Saturn, the Earth’s orbit eccentricity changes with
a  major  beat  of  413,000  years  and  two  minor  beats  of  95,000  and  125,000  years,  the  two  precession
movements (axial of 26,000 years and the slow rotation of the elliptical orbit around the focus of the ellipse
closest to the Sun in a period of 113,000 years), obliquity175 (variations of the inclination of the rotation axis
over the ecliptic where the axial tilt varies between 22.1° and 24.3° over the course of a cycle that takes 41,000
years, the last maximum having been about 10000 years ago), and finally the small nutation (period of 18.6
years, the same as that of the precession of the Moon's orbital nodes), all which lead to changes of the TSI
received by the Earth. Into this latter effect, one could also add longer term variations linked to the travel of
the solar system into the inter-stellar environment or even into the galactic space.

Because of the earth’s elliptical orbit the natural variation of incoming solar irradiance at TOA (i.e. 100 km per NASA)
fluctuates 90 W/m2 from perihelion (1,413 W/m2) to aphelion (1,323 W/m2) and because of the earth’s tilted axis the
total solar insolation on a horizontal surface at the top of the atmosphere and 40 N latitude fluctuates 638 W/m 2

between winter and summer176. One should further notice that eccentricity is the only factor that changes the amount
of energy received by the Earth. However, as the Earth’s orbit has currently an eccentricity of 0.016 and is thus quite
circular (eccentricity varies from 0.005 to 0.06), the change in insolation between Perihelion (closest to the Sun) and
Aphelion (farthest to the Sun) respectively now at January and July, is always small, currently about 6.4%. The other
changes entail  variations in the distribution of the energy over the various areas, i.e.  NH and SH, and respectively
continents  and  oceans  (and  cloud  systems)  as  they  are  not  evenly  distributed  in  between  the  two hemispheres.
Therefore remains two major sources of astronomical influences on climate change, one that will deal directly with the
Sun and its activity and the other that will be referred to in generic terms as Milankovitch theory (Levrard, 2005) even
though strictly speaking Milankovitch (1949) asserted that the main determinant of a glacial period termination is high
65° N summer insolation, and a 100 kyr cycle in eccentricity which induces a non-linear response that determines the
pacing of interglacials, whereas modern calculation means available today show that a more complex combination of
orbital parameters determines a signature which triggers the start or enable the end of a glacial period.

It is noteworthy that even users of climate models (models that we dismiss because they fail to represent observations
and are  highly parametrized to reflect great and inappropriate sensitivity to CO 2) do conclude that orbital parameters
are  more  important  than  GHGs,  as  Vettoretti  and  Peltier  (2011)  who  use  the  ocean-atmosphere  version  of  the
Community Climate Model to compare the effects of decreasing CO2 concentrations with those of the orbital influence
on snow accumulation and the abyssal circulation in the Atlantic. They come to a somewhat challenging conclusion for
the Early Anthropogenic Hypothesis postulated by (Ruddiman, 2007), that is, astronomical trigger is a more important
driver of ice accumulation than CO2., i.e. “Results from this set of multi-century sensitivity experiments demonstrate the

174CRF, i.e. Cosmic Ray Flux
175Earth changes of obliquity are stabilized by its large satellite , the Moon, whereas Mars for example undergoes wild  and chaotic

changes of obliquity that would make the existence of life difficult anyway (Touma and Wisdom, 1993; Laskar and Robutel, 1993;
Laskar et al., 2004)

176According to IPCC AR5 the heat added to the atmosphere by the increased CO 2 over the 261 years from 1750 to 2011 is 2 W/m2.
IPCC AR5’s worst, worst, worst, worst case modeled scenario is Representative Concentration Pathway (RCP) 8.5 W/m2.
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relative importance of forcings due to insolation and atmospheric greenhouse gases at the millennial  scale, and of
Atlantic ocean overturning strength (AMOC) at the century scale. We find that while areas of perennial snow cover are
sensitive to GHG concentrations, they are much more sensitive to the contemporaneous insolation regime”, and they
further add “Our analyses demonstrate that while cool NH summers are a prerequisite for glacial inception, a low value
of obliquity is most important in determining the strength of the inception process, followed in order of importance by
the magnitude of  the eccentricity-precession forcing,  which dictates  the timing and magnitude  of  the NH summer
cooling through geologic time.  The minimum and maximum values of carbon dioxide concentrations inferred from ice
core records characteristic of the late Pleistocene glacial inception periods also influence the strength of the inception
phenomenon, in fact to the same degree as the eccentricity-precession forcing” (Vettoretti and Peltier, 2011). 

The incident solar flux on the globe, of power (on an annual average) 173 PetaWatt (173 1015 W) is ten thousand times
the power corresponding to the consumption of primary energy (13,865 Mtoe / year in 2018) by all humanity, see
Figure 27, p. 90. The part of the incident solar absorbed by the globe, about two thirds, is compensated, over the year,
but fairly exactly, to the nearest thousandth, by the thermal infrared radiation from the globe to the cosmos of the
order  of  120  PW in  January  and  125  PW in  July.  This  infrared  thermal  radiation  from the  globe  to  the  cosmos,
subsequently designated by the Outgoing Long-wave Radiation (OLR), averaged over the globe, varies between 234
W/m² in January and 244 W/m² in June-July while the sunshine, on average over 24 hours, at the top of the air varies
between 353 W/m² in January and 331 W/m² in June (Earth at aphelion).

The Sun represents 99% of the mass of the solar system and it  is at first hard to imagine how the planets would
influence it and create some variability. But one must remember that all stars are sort of self-regulating systems that
obey to an hydrostatic equilibrium. Energy is  generated in the star's hot core,  then carried outward to the cooler
surface,  this  is  the outward force of  pressure which is  balanced by the inward force of  gravity (Djorgovski,  2004;
Malherbe, 2010).  If we consider a small cylindrical element between radius r and radius r + dr in the star of surface
area = dS to which is applied the inward pressure P (r+dr) and outward pressure P(r) for a mass = Δm with the mass of
gas in the star at smaller radii = m = m(r) then the inward force applying on the small element is the gravity given by:
Fg = - (Gm Δm) / r2 then the  Pressure (net force due to difference in pressure between upper and lower faces) is:
 Fp = P(r)dS - P(r + dr)dS = P(r)dS - [ P(r) + (dP/dr) dr] dS = - (dP/dr) dr dS and as  Δm = ρ dr dS applying Newton's second
law ΣF = m ϒ leads as the star is in static equilibrium and acceleration=0 to: - (Gm Δm) / r2 - (dP/dr) dr dS = 0 substituting
for Δm one obtains:  - (Gm ρ dr dS) / r2 - (dP/dr) dr dS = 0  and therefore:
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stellar structure equation stating hydrostatic equilibrium.

Stating the conservation of mass, let r be the distance from the center and Density as function of radius is ρ(r), let m be
the mass interior to r, then conservation of mass implies that: dm = 4πr2  ρ dr which leads to:
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stellar structure equation stating the conservation of mass.

we can combine these two equations (dP / dm) = (dP / dr) x (dr / dm) = - ( Gm / r2 )  ρ x (1 / 4πr2  ρ ) and thus:
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The interior  of  a  star  contains  a  mixture  of  ions,  electrons,  and radiation (photons).  For  most  stars  the ions and
electrons can be treated as an ideal gas and quantum effects can be neglected, thus the total Pressure:
ΣP = Pi + Pe + Pr = Pgas + Pr 

where Pi  is the pressure of the ions, Pe is the electron pressure, Pr is the radiation pressure.

The gas pressure Pgas is given by the equation of state for an ideal gas: Pgas = nkT where n is the number of particles per
unit volume; n = ni + ne, where ni  and ne are the number densities of ions and electrons and in terms of the mass
density: Pgas  = ( ρ / μ mH ) kT where where mH is the mass of hydrogen and μ is the average mass of particles in units of
mH. Therefore, the ideal gas constant is given by: R = k / mH  (R = 8.3 107 erg g-1 K-1) thus:
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The radiation Pressure for a Black Body will be given by:
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where a = 7.565 10-16 J m-3 K-4 is the radiation constant. Not going any further into details, one should know that “Gas
pressure” is most important in low mass stars while “Radiation pressure” is most important in high mass stars.

The reason why this short presentation was developed is that one needs to understand that a star like the Sun (and all
others neither collapsing or exploding while they remain on the main sequence for billions of years) is in a relative
equilibrium between inward gravitational forces and outward pressure forces, therefore even though all the planets of
the solar system just represent 1% of the mass of the entire system, it is not unconceivable that their motion around
the Sun may create some solar variability, by creating small disturbances to the equilibrium of forces the Sun depends
on.  What  would  at  first  look  like  a  form of  "astrology"  gets  physical  sense once this  notion of  disturbance to  a
precarious equilibrium is better understood. Of course, the planetary beat is not going to lead to a great imbalance in
between the internal solar gravitational forces and outward pressure forces but slight changes due to planetary triggers
can entail a new equilibrium leading to some form of solar variability.

This possibility of an extreme importance for our subject has been explored by Abreu et al. (2012) and leads to key
conclusions “The excellent spectral agreement between the planetary tidal effects acting on the tachocline and the solar
magnetic activity is surprising, because until now the tidal coupling has been considered to be negligible. We therefore
suggest that a planetary modulation of the solar activity does take place on multidecadal to centennial time scales”. The
tachocline,  invented by Spiegel  and Zahn177 (1992) is the transition region of stars of  more than 0.3 solar  masses,
between the radiative interior and the differentially rotating outer convective zone. This concept resulted of the work
performed for years by Zahn on tidal friction in close binary stars (1977) and models of circulation and turbulence in
rotating stars (1992) and Zahn also worked on understanding tidal effects produced by solar and extra-solar planets. It
should be noted here that  the superadiabaticity δ,  is  a dimensionless measure of the stratification of  the specific
entropy in a medium, and enables to separate a radiative zone δ < 0 (stable stratification) from a convection zone δ > 0
(unstable stratification). Somewhere at the level of the tachocline, characterized by a very large shear, the bottom of
the convection zone δ changes sign. δ becomes negative and very small in what is referred to as the “overshoot layer”,
where it is believed that strong toroidal flux tubes ( 10� 5 G178) are stored prior to the eruption of the sunspots179.

How a tiny modification (1 part in 104 or 105) of the entropy stratification is produced by the tidal forces remains
unknown. But Abreu et al.  (2012) state “we can think of a resonance effect mediated by gravity waves.  Since this
coupling takes place in the tachocline, the tidally excited gravity waves (Goldreich & Nicholson 1989a,b; Goodman and
Dickson 1998; Barker & Ogilvie 2010) may be modified by the shear of the environment ”. But the conclusion of Abreu et
al. (2012) is of great relevance “Here we suggest that a full understanding of the long-term solar magnetic activity can
only  be  achieved  by  considering  the  influence  of  the  planets  on  the  Sun  and  allowing  for  internal  amplification
mechanisms. As a first step in this process we have proposed a simple model describing planetary torques acting on a
non-spherical solar tachocline”. Now it must be stated that the solar modulation potential φ180, which can be derived
from either the  10Be (polar ice-cores) or the  14C (tree-rings) production rates181, best represents the role of the solar
magnetic field in deflecting cosmic rays and observing Fig. 1 and Fig. 5 of Abreu et al. (2012) is very telling for two
reasons:

1. the solar modulation potential φ as never been higher than now for the last 9,000 years, thus confirming the
exceptional level of solar activity as displayed in Figure 55, p. 150;

2. the comparison between solar activity and planetary torque in the frequency domain shows well known peaks
such as the 88 yr Gleissberg and the 208 yr de Vries cycles, but also periodicities around 104yr, 150yr, and

177https://fr.wikipedia.org/wiki/Jean-Paul_Zahn supported Paul Couteau at the Nice Observatory for whom I worked and where I
was lucky to participate in visual double stars measurements, see Poyet (2017a; 2017b).

178https://en.wikipedia.org/wiki/Gauss_(unit) 
179Sunspots are the surface manifestation of a strong internal toroidal  magnetic field leading to the observed spectral Zeeman

effect; see Hale (1908) and Hale et al. (1919).
180φ varies in- (anti-) phase with the sunspot number during strong (weak) cycles, in agreement with φ estimates from ice core

records  of  10Be  concentration,  which  are  in-phase  during  most  of  the  last  300  years,  but  anti-phase  during  the  Maunder
Minimum (Owens et al., 2012), see Czechowski et al. (2010) for the definition of the Heliospheric Current Sheet (HCS) tilt angle.

181One  should  note  that  14C  and  10Be  are  both  produced  by  cosmic  rays  in  the  atmosphere,  but  have  completely  different
geochemical properties, because whereas 14C enters the carbon cycle by forming CO2, 10Be becomes attached to aerosols and is
removed from the atmosphere mainly by wet deposition.
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506yr. Of major importance to our subject is the extraordinarily well visible 506yr frequency displayed by the
Fourier spectrum of the annually averaged torque modulus Fig. 5b of Abreu et al. (2012).

Thus, the strongest periodicity displayed by the Fourier spectrum of the annually averaged torque modulus, i.e. 506 yr
±6.0, is the average period separating the Roman optimum from the misery of the collapse of the Roman empire, and
from thereof from the next medieval optimum, and from this optimum to the next misery of the LIA, and from then to
the current modern optimum. Abreu et al. (2012) conclude “Here we suggest that a full understanding of the long-term
solar magnetic activity can only be achieved by considering the influence of the planets on the Sun and allowing for
internal amplification mechanisms. As a first step in this process we have proposed a simple model describing planetary
torques acting on a non-spherical solar tachocline”. The statistical significance of the results obtained is also addressed
in Appendix A and Abreu et al. (2012) state “We observe that five of the strongest spectral lines in all three records
agree  very  well.  Finally,  we  determine  the  probability  that  these  five  lines  agree  by  chance  using  a  Monte Carlo
technique. We conclude that the chance of a random coincidence is about 5 × 10−7”. 

Along the same line of reasoning, this is what led Mörner et al. (2013) in “Pattern in solar variability, their planetary
origin and terrestrial Impact” to address the question of the possible planetary modulation of solar variability, “The
Sun’s activity constantly varies in characteristic cyclic patterns. With new material and new analyses, we reinforce the
old proposal that the driving forces are to be found in the planetary beat on the Sun and the Sun’s motions around the
center of mass...” the authors of the special issue “conclude that the driving factor of solar variability must emerge from
gravitational and inertial effects on the Sun from the planets and their satellites”.

Therefore, throughout the Holocene it has been possible to identify numerous solar activity cycles which are preserved
within various records and known in the literature as the cycles of:

� Bray-Hallstatt182 (2,310 yr ±300)  displayed on top of Figure 35, discovered by Bray (1968) and confirmed since
many times, e.g. (Hood and Jirikowic, 1990; Damon and Sonett, 1991; van Geel, 1998; Vasiliev and Dergachev,
2002; Charvátová and Hejda, 2014; Javier, 2017g; May and Javier, 2017), see Figure 56 ;

� Eddy (976 yr  ±53) (Eddy, 1976;  Javier, 2017g, Lüdecke and Weiss, 2017),  the list  of Solar Grand Minimum
(SGM) potentially related with the Eddy cycle lows, according to Usoskin (2017) and using his dates (adding E
for Eddy and B for Bray) is : Maunder (B1-E1-270 BP), Roman (E2-1,260 BP), Greek (E3-2,310 BP), No name (E4-
3,335 BP), No name (E5-4,400 BP), Sumerian (B3/E6-5,275 BP), No name (E7-6170 BP), No name (E7-6,265 BP),
Jericho (E8-7,145 BP), Jericho (E8-7,250 BP), Sahelian (E9-8,335 BP), Boreal 2 (E10-9,255 BP), Boreal 1 (B5/E11-
9,465 BP), Preboreal (E12-11,115 BP);

� Abreu (506 yr ±6.0), the most prominent of all in the study by Abreu et al. (2012) and the most relevant to the
periodicities that correspond to the last known and documented climatic optima, i.e. the Roman, Medieval and
Modern;

� Suess-de Vries183 (208 yr ±2.4), e.g. (Damon and Sonett, 1991; Stuiver et al., 1995; Yousef, 2000; Bond et al.,
2001; Wagner et al., 2001; Rombaut, 2010; Liu, Y, et al., 2011; Lüdecke et al., 2015; Javier, 2017g);

� Jose (155-185 yr) “The motion of the sun about the center of mass of the solar system has periodicity of 178.7
yr. The sunspot cycle is found to have the same period” (Jose, 1965; Charvátová and Hejda, 2014);

� Gleissberg (88 yr  ±13), e.g. (Damon and Sonett, 1991; McCracken et al., 2001;  Peristykh and Damon, 2003;
Feynman and Ruzmaikin, 2011, 2014), reported by Stuiver and Braziunas (1993) as “The 210 and 88 yr  14C
periodicities relate rather unequivocally  to solar forcing (...)  The 88 yr  14C periodicity has  only a minor  18O
companion” dismissed by  Javier (2017g), but reported as very prominent by Knudsen et al. (2011) between
4,000 and 6,250 years BP and later became remarkably vague from ~3,500 years BP onwards;

� the 55-65 yr  cluster (Javier, 2017g) or ~60 yr oceanic oscillation (Jevrejeva et al.,  2008; Scafetta, 2010) or
evidenced  by  Klyashtorin  and  Lyubushin  (2003)  using  spectral  analysis  over  1,000  years,  which  could  be
explained by the ~60-year oscillation in the barycentric movement of the Sun due to its ~60-year tri-synodic
period produced by the Jupiter–Saturn system184 (Mazzarella and Scafetta, 2011; Gervais, 2016a);

182Named after a cool and wet period in Europe when glaciers advanced, the Hallstatt culture was the predominant Western and
Central European culture of Late Bronze Age (Hallstatt A, Hallstatt B) from the 12th to 8th centuries BC and Early Iron Age Europe
(Hallstatt C, Hallstatt D) from the 8th to 6th centuries BC

183Named after Hans Eduard Suess and Hessel De Vries respectively
184A full cycle of Jupiter and Saturn around the sun (J/S Tri-Synodic Cycle) takes 59.6 years, therefore every ~60-years the Earth,

Jupiter and Saturn reach the same relative alignment around the Sun. One can easily dismiss these harmonics, but before doing
so, one shall remember first that, for example, the Moon is synchronized with the Earth and it always presents us the same face
for very good reasons, and there exists many other resonances, e.g. Mercury is locked to its own orbit around the Sun in a 3:2
resonance. It happens that more 60 satellites do the same with respect to their planets in the solar system and tidal locking is a
very well known phenomenon https://en.wikipedia.org/wiki/Tidal_locking 
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� and the 11 years Schwabe / Wolf cycle of course (Brehm et al., 2021), which is known to have among others
effects, a direct impact on Arctic weather as reported by Roy (2018a) “when the winter solar sunspot number
(SSN)  falls  below  1.35  standard  deviations  (or  mean  value),  the  Arctic  warming  extends  from  the  lower
troposphere to high up in the upper stratosphere and vice versa when SSN is above”. This 11 years Schwabe
cycle also has a very strong influence on NAO and North Atlantic as shown by Roy (2020) since 1977.

The 11 year cycle was discovered by Christian Horrebow in 1775, later formalized as a periodic variation in 1843 by
Samuel Heinrich Schwabe and later organized and numbered by Rudolf Wolf, going back to 1745. This cycle has been
known for the longest and thereafter has of course been the most studied and demonstrates at least two important
things: 1) how the various components of the terrestrial atmosphere are tightly coupled and interact together and 2)
how the cycle originates far from the Sun in tidal forces exerted by several planets on our star. This is remarkable as it
shows the complexity of the Earth-Solar-Planetary system which cannot be reduced to a trace gas. Labitzke and Van
Loon (1991) report “We describe a 10-12-year oscillation (TTO) in the upper troposphere and lower stratosphere of the
Northern Hemisphere in summer... The TTO is in phase with the 11-year solar cycle...The analyses show that the large
amplitude of the TTO in the geopotential heights of the lower stratosphere is associated with temperature variations of
the same time scale in the upper troposphere”, showing the influence of the 11-year solar cycle on the stratosphere and
demonstrating how it impact the troposphere. Stefani et al. (2019) present the 11-year cycle as the result of planetary
tidal forces “We discuss a solar dynamo model of Tayler-Spruit type whose Ω-effect is conventionally produced by a
solar-like differential rotation but whose α-effect is assumed to be periodically modulated by planetary tidal forcing.
Specifically, we focus on the 11.07 years alignment periodicity of the tidally dominant planets Venus, Earth, and Jupiter,
whose persistent synchronization with the solar dynamo is briefly touched upon”. Other evidences are provided, such as
(Zhai, 2016) or Misios et al. (2018) “Influences of the 11-y solar cycle (SC) on climate have been speculated, but here we
provide  robust  evidence  that  the  SC  affects  decadal  variability  in  the  tropical  Pacific.  By  analyzing  independent
observations, we demonstrate a slowdown of the Pacific Walker Circulation (PWC) at SC maximum”. This is a perfect
illustration, at the shortest and most reproducible frequency possible, i.e. 11 years, of the planetary influence on solar
activity and of its further action on our atmosphere and climate.

Figure 54. A periodogram185 shows how periodicities (either of  orbital or solar origin) dominate climate change at all  temporal
scales. The 150 Myr Ice Age cycle has produced four Ice Ages in the last 450 million years. It is proposed to be caused by
the crossing of the galactic arms by the Solar system (Veizer, 2005). The 32 Myr cycle has produced two cycles during the
Cenozoic era, the first  ending in the glaciation of Antarctica and the second in the current Quaternary Ice Age. It is
proposed to be caused by the vertical displacement of the Solar system with respect to the galactic plane 186. The orbital
cycles are well visible (eccentricity, obliquity, precession). The millennial climate cycles (grey band) regroup most of the
known solar  cycles  aforementioned.  Short  term climate variability is  dominated  by the El  Niño-Southern Oscillation.
Adapted by Javier (2017c) from Maslin et al. (2001).

185In signal processing, a periodogram is an estimate of the spectral density of a signal. The term was coined by Arthur Schuster in
1898

186Rampino and Caldeirac (2020) have detected a 32-million year cycle in sea-level fluctuations over the last 545 Myr. They consider
various tectonic mechanisms to explain the sea level variations, including a variation of the ocean-floor spreading rates but do
not dismiss the astronomical origin to which this 32 Myrs cycle has been attributed here.
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Because chronological uncertainties of paleoclimate time series are of an order of magnitude of 1%-2% of the absolute
age, for example, between 100 and 200 years for a 10,000 year old sample, this typically leads to make it difficult to try
to identify short cycles (e.g. Gleissberg, de Vries) beyond the Holocene. Furthermore, as a general rule, the longer the
cycle, the more significant the impact is on the climate (see Figure 54), e.g. the Bray-Hallstatt 2475 yr cycle is very well
visible on top of Figure  35 and more significant than shorter cycles. Some high-energy cosmic rays entering Earth's
atmosphere  collide  hard  enough  with  molecular  atmospheric  constituents  that  they  occasionally  cause  nuclear
spallation reactions. Fission products include radionuclides such as 14C and 10Be that later settle on the Earth's surface.

Therefore, 14C and 10Be cosmogenic isotope records are considered direct proxies for solar activity, and are extracted
from trees, sediments, ice cores (e.g.: McCracken et al., 2001; Muscheler et al., 2020; Neff et al., 2001; Ogurtsov et al.,
2002; Steinhilber et al.,  2012; Vasiliev and Dergachev, 2002), in long sunspot sequences (Ogurtsov et al.,  2002), in
aurora records (Scafetta and Willson, 2013) and others (e.g. Hoyt and Schatten, 1997). Interestingly, similar solar cycles
are also found on a Late Miocene lake system revealed by biotic and abiotic proxies, i.e. by the off-shore sedimentation
rates of the Tortonian Vienna Basin which revealed patterns resembling well Holocene solar-cycle-records (Kern et al.,
2012) and therefore indicate that they operate not on thousands or tens of thousands of years (e.g. Holocene) but over
millions or tens of millions of years (i.e. Cenozoic). These solar cycles are of great relevance as variations of the TSI are
considered marginal by IPCC and therefore too small to be responsible of climate change, but in fact as reported by
Safetta (2019) “the total solar irradiance forcing is still highly debated because some records show a secular variability
as low as 0.6 W/m2 since 1700 to present (Wang et alii, 2005) while others show a very large secular variability up to 6
W/m2 during the same period (Egorova et alii, 2018a); 2) there are several indications that the sun induce climatic
changes through a cosmic ray forcing that could directly modulate the cloud system (Kirkby, 2007; Svensmark et alii,
2017).  This  would  be  a different  kind  of  solar  related forcing that  is  completely  missing in  the GCMs”.  Of  course,
depending on whether one uses the values of Wang et al. (2005) or those resulting from the model of Egorova et al.
(2018a) the changes of TSI are so important that the Sun passes from a backseat in the climate change distribution role
to the forefront.

Figure 55. Time series of the sunspot  number  as reconstructed from  10Be concentrations  in ice cores from Antarctica (red) and
Greenland (green).  The thick black curve shows the observed group sunspot number since 1610 and the thin blue curve
gives the (scaled) 14C concentration in tree rings, corrected for the variation of the geomagnetic field.  The horizontal bars
with attached arrows indicate the times of Great Minima and Maxima: Dalton minimum (Dm), Maunder minimum (Mm),
Spörer minimum (Sm), Wolf minimum (Wm), Oort minimum (Om), and Medieval Maximum (MM). From Usoskin et al.
(2018).

One should observe at least two things here, first and again we mainly deal with models due to the lack of direct
measurements  of  solar  radiation  on  climatological  time  scale187,  second  that  depending  on  how the  quiet  Sun  is
reconstructed and other parameters, the TSI can vary a lot, e.g. > 4 W/m2 over the 1600-2000 period (Haigh, 2003), in
which case there is an easy and strong case supporting the observations made, which attest the close link between
solar variability and climate change, including the precipitations and monsoons, e.g. as mentioned by Neff at al., 2001
“The excellent correlation between the two records (i.e.  δ18O et  Δ14C) suggests that one of the primary controls on

187TSI measurements have been made from satellites since 1979 but each individual instrument records only last for a number of
years and each sensor suffers degradation in orbit. Thus, the construction of a composite series (or best estimate) of TSI from
overlapping  records  from  several  successive  satellites  becomes  a  complex  task  and  many  corrections  are  necessary  to
compensate for problems of sometimes unexplained drift and uncalibrated degradation in the time-series (Haigh, 2003, 2007).
The Active Cavity Radiometer Irradiance Monitor (ACRIM) TSI composite is such an example, see Scafetta and Willson (2014). For
the controversy ACRIM-PMOD see Willson (2014) and Scafetta et al. (2019).
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centennial to decadal scale changes in tropical rainfall and monsoon intensity during this time are variations in solar
radiation”. But more importantly, the level of solar activity beginning in the 1940s is exceptional, the last period of
similar magnitude occurred around 9,000 years ago, i.e. during the warm Boreal period, e.g. (Solanki,  et al.,  2004;
Usoskin, et al., 2007; Usoskin et al., 2018; Wu et al., 2018). This is also confirmed by Lean (2018) who reports “The new
estimates suggest that total solar irradiance increased 0.036 ± 0.009% from the Maunder Minimum (1645–1715) to the
Medieval Maximum (1100 to 1250), compared with 0.068% from the Maunder Minimum to the Modern Maximum
(1950–2009)”, i.e. 1.88 times more for the modern maximum than for the MWP from the maunder minimum used as a
reference. This is very well visible on the sunspot reconstruction from Usoskin et al. (2018) reproduced in previous
Figure 55.

The Sun was at a similarly high level of magnetic activity for only ~10% of the past 11,400 years. Almost all earlier high-
activity periods were shorter than the present episode. Reconstructions of solar activity levels into the distant past
(Solanki et al., 2004) indicate that the overall level of solar activity since the middle of the twentieth century stands
amongst the highest of the past 10,000 years, e.g. “the modern Grand maximum (which occurred during solar cycles
19–23, i.e., 1950-2009) was a rare or even unique event, in both magnitude and duration, in the past three millennia ”
(Usoskin al., 2014). Solar cycles and variations of the Earth's orbital parameters determine the climate and this is well
summed up by Scafetta et  al.  (2017a) “In fact,  the magnetic  activity  of  the sun and,  probably,  also the planetary
motions modulate both the solar wind and the flux of the cosmic rays and interstellar dust on the earth with the result
of a modulation of the clouds coverage”. This is why the explanation of the transmission of the variations of solar
activity to the Earth climate cannot be limited to changes in TSI, even though there is still a lot to argue about the “Solar
Constant” (Eddy, 1977), which does seem to only have its name constant!

Astronomers are far more cautious than “climatologists” with respect to the supposed stability of the Solar Constant
and therefore the TSI, e.g.  Lockwood et al. (1992; 1997) stated “This suggests that the Sun is in an unusually steady
phase compared to similar stars, which means that reconstructing the past historical brightness record, for example
from sunspot records, may be more risky than has been generally thought”. Two years earlier, Lockwood and Skiff
(1990) reported after a large scale survey of the variability of stars comparable to the Sun “Nearly 200 years of daily
sunspot records teach us that the most visible manifestation of solar activity vary unpredictably. Every 11-year cycle is
unique. The variation of the total solar output, measured only for slightly less than one ll-year solar cycle,leads us to
think that long-term variations are quite small--only 0.1% or so. But to contain this minuscule variation requires the
delicate and continual balancing between larger competing effects, the flux deficits associated with sunspots and the
flux  excesses  associated  with  faculae  Stellar  photometry  offers  little  assurance  that  the  solar  variability  actually
measured thus far provides an accurate long term prognosis. Indeed, many stars quite similar to the Sun demonstrably
vary by amounts much larger than the Sun has over the last decade. Thus we conclude, considering the Sun among the
stars, that the present short record of solar variability is remarkable only in its present restraint”.

With regards to other similar stars (spectrum, luminosity, temperature, etc.) the expected TSI variability over longer
periods must be far greater than that the IPCC use (0.1%).  One can plot the stellar total irradiance measured at 1
astronomical unit versus the color temperature of the stellar photosphere in degrees Kelvin in sort of a Hertzsprung-
Russell Diagram. Most main-sequence stars fall along a curved line going from the upper left corner to the lower right
corner. The Sun is a main-sequence star (G0) with a color temperature of 5880 °K and an irradiance of 1367 W/m 2, i.e.
the mean value of the so-called Solar Constant (SC). Hoyt and  Schatten (1997) remind that “Five billion years ago, the
sun began as a late G-class star, perhaps G7 to G9, with an initial irradiance at 1 astronomical unit of about 1000 W/m2

and  a  color  temperature  of  approximately  5400 K.  Since  then it  has  steadily  warmed up,  with  a  30% increase  in
luminosity, and its color has changed from reddish to yellow” and is known as the faint Sun paradox188.

But more importantly, Hoyt and  Schatten (1997) are extremely cautious with respect of the supposed stability of the
TSI as measured over the short period where we have instrumental records. Hoyt and  Schatten (1997) assert “The
results of the Hipparchus satellite experiment that detected variations in light  output of numerous stars. The main
sequence reveals that stars both brighter and dimmer than the sun display more variability than the sun itself. Even
though the sun varies, it is one of the more stable stars. The sun's level of activity is about average, but its variations in
brightness are well below average. This suggests that in the last two solar cycles, we have only seen a small portion of
the brightness variations we would see if we observed many solar cycles” - bold added.

188https://en.wikipedia.org/wiki/Faint_young_Sun_paradox 
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This is a clear message, that “climatologists” should better listen to, the TSI as measured is not representative of the
Sun's longer term variations. In that respect, both Lockwood and Skiff (1990) and Baliunas and Vaughan (1985) found
that the variations in the total radiative output from solar-type stars exceeded the currently observed solar-constant
variations (from spacecraft over the last decade) by nearly a factor of 4.

It would be preposterous to think that our instrumental records are telling us anything valuable of the long term, not
even speaking of geological times but simply of thousands or tens of thousands of years. From thereon, Hoyt and
Schatten (1997) make the 3 following assumptions “Excluding remote alternatives, this suggested the following: 1.) The
sun  may  undergo  irradiance  variations  several  times  larger  than  any  we  have  seen  during  the  past  decade.  2.)
Compared with other solar-analog stars our sun is highly unusual because it has especially quiescent radiative output.
3.) Our terrestrial position in the heliosphere (the Earth always lies close to the sun's equator, since the tilt of the sun's
rotation axis, BO, relative to the ecliptic plane is a small angle, 7.25°) provides a special vantage point that reduces the
observed solar-irradiance variations”.

Figure 56. Effect of the ~2500-year Bray(Hallstatt) solar cycle on the climate organization, Source: Javier Vinós public data.

In fact, the three hypothesis have been listed not to be suspected of dishonesty but the third does not appeal to me for
a number of reasons, to say the least.  As the probability of 2) is very low, indeed, only remains 1) and one must
consider that variations of the TSI of up to 4 times what has been measured so far are the most probable alternative.
Furthermore, Beer et al.  (2002, 2006) mention that even small  changes of the TSI are accompanied by far greater
changes in the UV part of the solar spectrum (Pagaran et al., 2011; Ermolli et al., 2013), modifying the stratosphere
response which is further coupled down to the troposphere (Haigh and Blackburn, 2006). For example, values derived
by Lean (2018) show of a factor of 5.66 in between the UV and visible Solar and Spectral Irradiance (SSI)  changes
respectively.

In a series of papers dealing with the climate during the Holocene, that will certainly prove seminal in the future, Javier
(Vinós) addressed many aspects of how the Earth evolved from the time it  exited from the LGM and entered the
Holocene up to the current modern global warming, and specifically addressed the Bray solar cycle in two articles
(Javier, 2017d-e) and one with May and Javier (2017). The last occurrence of the Bray cycle, identified as B2 on Figure
35 and which corresponds to the transition from Sub-Boreal to Sub-Atlantic had already been identified by van Geel et
al. (1998) as a major disruption between the Bronze-Age to Iron-Age transition in NW Europe, period during which an
abrupt climate change around 850 BC was testified by the sharp rise of the 14C content of the upper atmosphere which
was caused by a weakening in solar  activity,  leading to an increase of  the cosmic ray flux and a decrease of the
temperature through various mechanisms, including but not limited to a reduction or change of distribution of the
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ozone  layer  (including  variation  at  the  tropopause  and  stratosphere),  planetary  waves,  increased  cloudiness  and
precipitations, among others.

This cooler and wetter climate on middle and high latitudes on both hemispheres came together with a change to a
dryer climate in tropical  regions due to a weakening of  the monsoonal  regimes.  This resulted of  a change of  the
latitudinal extension of the Hadley Cell circulation and an expansion of the Polar Cells and a change of trajectory of the
main depression systems at mid-latitudes in a more equatorward regime. Javier (2017d-e) adds “El Niño is less frequent
altering global precipitation patterns. The North Atlantic displays more AO / NAO winter negative conditions shifting the
winter  European  storm track  southwards.  Weaker  westerlies  reduce  the  Sub-Polar  Gyre  contribution  to the  North
Atlantic current, increasing winter precipitation over Scandinavia and promoting glacier growth. A stronger Siberian
High activates polar circulation and southward drift-ice, cooling northern Eurasia. Greenland undergoes a temperature
inversion. Black dots represent proxy locations displaying a prominent 2500-year periodicity” and all these effects are
well represented and summarized on Figure 56. In fact, around 2,760 ±35 yr BP and 2,620 ±20 yr BP, over a very short
period of time of sort of 60 years, houses that were built on artificial mounds could not be used any longer and the area
could  not  be  farmed  and  inhabited  as  the  fresh  water  table  rose  everywhere  in  the  northern  Netherlands  and
correspond to an increase of  Δ14C.  van Geel  et  al.  (1998)  remind that  "The isotope 14C is  produced in  the upper
atmosphere under the influence of cosmic rays... The most energetic cosmic rays are of galactic origin. The fluctuations
of in the cosmic ray flux on Earth are mainly caused by changes in the solar wind, which is a low density gas ejected
from the Sun, which strongly influences the magnetic field strength around the Earth”. van Geel et al. (1998) have no
doubt  that  the  climate  change  they  report  came  from  solar  irradiance  variations  and  it  seems  that  apart  from
“climatologists” all other scientists studying the climate over longer periods have no doubts about the role of the Sun as
a major player in the Earth climate regulation.

At that  point  in the development of  our thoughts it  is  now possible to start  putting forward what represents the
essence of out understanding, what will be referred to as from now on as the Energetic Balance of Climate. Climate is
the response or the Earth system, in physical terms, to energetic stimulations. These stimulations have several origins:
the solar flux whatever form it takes, the orbital configuration which determines how much of the former is received by
the Earth, the Earth's own energy which is released through geological manifestations (e.g. mainly volcanism but also
some other geothermal sources),  plus external, occasional and very unwelcome energy supply like the impact with
another celestial body (e.g. asteroid, comet, else) and finally the tiny fraction of the energy stored over geological time
(e.g. fossil fuels) that is released by anthropogenic processes. The response of the Earth climate system is proportionate
to the energy stimulation received and given the fact that all the power consumption by humankind is less than one ten
thousandth of the solar  energy received,  it  gives  the size of  the maximum possible anthropogenic disruption that
mankind is able to produce on the Earth system.

Because the response of the Earth climate system is commensurate to the stimulus, one can easily sense that whatever
fake arguments used, the anthropogenic perturbation is minuscule compared to the energies at plays. The physical
mechanisms invoked to justify the AGW theory are  totally unable to generate the level of disruption claimed by its
proponents and therefore they keep resorting to strange notions to the physicists, like “forcing” (Myhre et al., 2013) to
justify that if CO2 in its own is unable to generate any significant change to the energy budget, which they know, it will
still manage to do so by contorted arguments such as “positive or negative feedbacks” etc. This simply does not make
sense and the very illustration of the fact that their theory is completely flawed is that their computer models which
implement their physical rantings are completely unable to reproduce accurately even the last 200 years, say since LIA.
Warming started long before that  the anthropogenic  emissions have any significance and warming has  been very
irregularly distributed over the corresponding period. For instance,  the globe warmed in an equal way during the 1922-
1941 and 1980-1999 periods whereas models based on [CO2] to explain the temperature profile accelerate the warming
a lot for the second period versus the first to reflect the increase [CO 2] content. And they keep doing so for the period
2000-2016 when there has been nearly no warming at all. (this is the “pause”). So on the one hand there is the reality
with warming very unevenly distributed over the reference period and on the other hand there are computerized
fantasies  which  keep forecasting an  ever  accelerating warming  to  reflect  their  dogma into  the naive  relationship
equating more [CO2] with an increase in temperature.

One thing is for sure, not only the level of solar activity is  unusually high but it has also lasted unusually long as stated
by  Solanki  et  al.  (2004)  “According  to  our  reconstruction,  the  level  of  solar  activity  during  the  past  70  years  is
exceptional, and the previous period of equally high activity occurred more than 8,000 years ago. We find that during
the past 11,400 years the Sun spent only of the order of 10% of the time at a similarly high level of magnetic activity and
almost all of the earlier high-activity periods were shorter than the present episode”, though to be honest the same
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authors  dismiss  the  Sun  as  the  sole  explanation  “the  Sun  cannot  have  contributed  more  than  30% to  the steep
temperature increase [since 1970]” (Solanki and Krivova, 2003) though  they admit serious simplifying assumptions
such as "the connection between the relevant solar and terrestrial quantities is linear", among others. The reason why
Solanki and Krivova (2003) are in trouble trying to explain the solar influence on climate is probably because they focus
to much on TSI and on the sole troposphere response.

As soon as one checks the correspondence between cloud cover and solar cycles, not saying anything about how one
may correlate to the other,  but  just  checking the relationship,  the result  is  statistically  significant  and positive  as
reported by Udelhofen and Cess (2001) “Results of spectral analyses reveal a statistically significant cloud cover signal
at  the  period  of  11  years;  the  coherence  between  cloud  cover  and  solar  variability  proxy  is  0.7  and  statistically
significant with 95% confidence” who also notice that the cloud cover variations are not in phase with changes of the
Galactic Cosmic Rays (GCR). At that point, one must admit that solar influence drives the cloud formation mechanisms
at the 11 years cycle level, though the mechanisms by which this is achieved is unknown. Udelhofen and Cess (2001)
mention  that  “cloud  variabilities  may  be  affected  by  a  modulation  of  the  atmospheric  circulation  resulting  from
variations of the solar-UV-ozone-induced heating of the atmosphere”. The reference to this “solar-UV-ozone-induced”
heating is odd as it is asserted as if it were a well known mechanism but apart from their paper no other reference is
found to the concept. In fact, one must move up into the atmosphere, to the stratosphere to start gathering some clues
as to which mechanisms may be at play and in that respect the paper from Marchand et al. (2012) is telling as they
assert “Variations in both ozone and temperature in the stratosphere have been linked successfully to solar cycles using
observations and model simulations (Gray et al., 2010)” and confirmed by the reference to Gray et al. (2010) “Perhaps
the first place to look for solar impact on the Earth’s climate is in the upper atmosphere because it inter-acts most
directly  with the radiation,  particles, and magnetic  fields emitted by the Sun.  Solar  signals  in the stratosphere  are
relatively large and well documented during the past few11 year SCs since satellite observations became widespread”
where SC stands for Solar Cycles.

Therefore, assessing the solar influence on the climate, which is obvious at all timescales considered, is made difficult
by the need to not only address changes in the TSI and the way physical phenomenons at the particular scale take place
(e.g. atmospheric response to the interaction with GCR, charged particle effects, etc.) but also to need address how the
different levels of the atmosphere interact with the solar input and how they convey these signals from one level to the
next, e.g. the change in stratospheric temperatures and winds due to changes in UV irradiance and ozone production
(e.g.  and  associated  planetary  waves),  have  an  influence  on  the  underlying  troposphere  and  the  surface  climate
involves stratosphere‐troposphere-ocean coupling chemistry-processes which are far beyond the capabilities of the
best GCM software simulation systems available. Is there a need for an strong anthropogenic influence to account for
the temperature increase in the models (and off we go,  we're done) or is there a need to better understand the
extraordinary complexity of the Earth system and accept that the “models” so far  need to better account for the
natural variability of the climate response to the various triggers it is subject to, I let the reader decide.

While governments and the UN have funneled billions of dollars to computer modelers to create various CO 2 – driven
(and other GHGs) climate simulators since the 1970s, far too little attention has been given to the effect of our Sun on
Earth climate. From what was seen, the frequency and intensity of sunspot activity has proven profound influence on
Earth weather expressing the influence of solar activity on the climate system. It  is also notable that the UN/IPCC
dismisses quite completely such solar influence as not significant. That is a huge mistake by all serious evidence. IPCC
only acknowledge reluctantly that : «However, there is evidence for a detectable volcanic influence on climate. The
available  evidence also  suggests  a  solar  influence in  proxy  records  of  the  last  few hundred years  and  also  in  the
instrumental record of the early 20th century» (IPCC, 2018a) TAR-12 p. 697. Could they do less ?

The Earth's magnetic field, also known as the geomagnetic field, is the magnetic field that extends from the Earth's
interior out into space, i.e. a dipole with magnetic field lines, and interacts with the solar wind, a stream of charged
particles emanating from the Sun. The Sun does not only radiate in the visible part of the spectrum and beyond (where
the energy varies much more, e.g. UV) but also produces a flux of charged particles, i.e. the solar wind, released from
the upper atmosphere of  the Sun,  called the corona. This plasma mostly consists of  electrons,  protons and alpha
particles with kinetic energy between 0.5 and 10 keV. Therefore, the Sun’s light is only a part of the global energy
emitted, the other parts correspond to solar particles and fields which interact in a more subtle way with the Terrestrial
Environment  (TE),  i.e.  the  Earth,  its  atmosphere  (and  certainly  not  only  the  troposphere)  but  also  the  Earth's
magnetosphere.
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This is the sum of all these forms of energy originating from the Sun and interacting with the TE, that have made the
climate on Earth for hundred of millions of year, plus exceptional contributions from massive volcanic manifestations or
from the collision with another celestial body (the bigger the less frequent),  often acting as disruptions of various
scales, some being so brutal (impactor > 10km) that they lead to a reset of all forms of life on Earth that can take tens of
millions of years and redistributes species and habitats. Therefore, even though the variations of the TSI and of the
solar  constant  should  be  an  on-going  debate  and  certainly  not  considered  as  settled  (there  are  no  long-term
instrumental records of the TSI), one should not circumvent the investigation of the mechanisms by which the Sun
drives the climate on Earth to the TSI / Troposphere relationship (Maliniemi, 2016; Asikainen et al., 2017; Maliniemi et
al., 2019). One can easily sense that very complex interactions take place between all the component displayed on next
Figure  57, and that even some stratospheric chemical changes have their origins in the solar–terrestrial coupling. All
these phenomenons will have a direct impact on a number of natural oscillations that we will address in a further
section - i.e.  Natural Oscillations: QBO, ENSO (El Niño - La Niña), AMO, NAO, PDO.

Figure 57. The flow of mass, momentum, and energy from the Sun’s interior through the interplanetary space into the Terrestrial
Environment (TE) after (Baker, 2000). Some of the effects of this flow within the coupled system reveal the effect of solar
variability on the atmosphere (i.e. Down from the Ionosphere to the Surface), Both normal solar wind flows and transient
events are indicated. Source: Javier (2018a).

Solar disturbances are observed to have significant effects in near-Earth space and of among the most remarkable are
the high-speed solar wind streams and fast Coronal Mass Ejections (CMEs) often generating strong interplanetary shock
waves and are in the geologic records identified and known as  Forbush Decreases (FD), i.e. a rapid decrease in the
observed galactic cosmic ray intensity following a CME. It occurs due to the magnetic field of the plasma solar wind
sweeping some of the galactic cosmic rays away from Earth (Dragić et al., 2011). Svensmark (2019) reminds that it has
been for some time (Harrison and Stephenson, 2006; Laken et al., 2010) and demonstrated experimentally “that cosmic
rays  help  the  initial  formation  (‘nucleation’)  of  small  aerosols  (1–2 nm),  and  it  was  found  that  by  increasing  the
ionization, the number density of nucleated aerosols increased as well. These results were later confirmed by the CLOUD
collaboration experiment at CERN in Geneva” and also state that FD  are ideal to test the link between cosmic rays and
clouds. In fact, this is what Dragić et al. (2011) did by using the Diurnal Temperature Range (DTR) as an indicator of
cloud  cover  (logically  negatively  correlated  with  cloudiness)  and  demonstrated  that  the  effect  of  FD  on  DTR  is
statistically significant for  high amplitude FDs and led to an estimated effect on DTR to be of the order of (0.38±0.06)°C.

These results suggest that this particular chain of related events, from solar activity to cosmic rays, to aerosols (CCN), to
clouds is  active in the Earth’s atmosphere and plays a role in  modulating the cloud cover and therefore the very
important albedo, Laken et al. (2010) providing a compelling evidence of a GCR-climate relationship. Other telltales are
provided by the cloud-retrievals from the ISCCP satellite program189 which show a strong correlation between low liquid
water clouds with galactic cosmic rays from July 1983 to September 1994 and furthermore Gray et al. (2005) state that
“Cosmic rays and Total Solar Irradiance variations are often closely correlated”. One should notice that this is just one
chain  of  actions  but  that  as  displayed  on  Figure  57,  many  others  exist  and  also  have  an  effect  on  the  complex
interaction at play between the Sun and the TE and thus on the climate and make it therefore spurious to focus only on

189International Satellite Cloud Climatology Project (ISCCP), https://isccp.giss.nasa.gov/ 
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the TSI / Troposphere radiative balance (not knowing what the TSI has been over long paleoclimatic record) to conclude
that the obvious and essential role played by the Sun on the climate cannot be at the origin of climate change, which is
just to the contrary of common sense and of all observations.

Figure 58. Dynamical overview of the QBO during northern winter. The propagation of various tropical waves is depicted by orange
arrows (in the middle), with the QBO driven by upward propagating gravity, inertia-gravity, Kelvin, and Rossby-gravity
waves.  The propagation  of  planetary-scale  waves  (red arrows)  is  shown at  middle to  high latitudes.  Black  contours
indicate the difference in zonal-mean zonal winds between easterly and westerly phases of the QBO, where the QBO
phase is defined by the 40- hPa equatorial wind. Easterly anomalies are light blue, and westerly anomalies are pink. The
Mesospheric QBO (MQBO) is shown above ~80 km. Source: Baldwin et al. (2001).

Svensmark (2019) says that “Temperature variations of the order of 1.0–1.5 K between periods of high and low solar
activity, as seen repeatedly over the Holocene period, seem much more likely than the limited changes suggested in
those studies [e.g. MBH98, MB99 or Marcott et al., 2013]”. Finally, as pointed out to me by Alain Robichaud (personal
communication), “celestial driver of cosmic rays producing cloud condensation nuclei might seem attractive but there
are much better explanation for missing source of CCN and ice nuclei in the troposphere”. The atmosphere is part of the
biosphere as stated by J.  Lovelock190 (Ball,  2014),  and ignoring the biological  contribution is  ignoring the complex
relationship that the biosphere maintains with the rest of the Earth's system. Biological particles neglected by physicists
might explain a significant part of uncertainties related to clouds in climate models. 

Robichaud (2018) adds “Bacteria (the best ice nuclei on earth. e.g. Pseudomans syringae), fungal spores and pollen (e.g.
birch pollen) are better ice nuclei than mineral dust, seas salt usually considered in climate models. Research effort
should be directed towards better monitoring and modelling of bioaerosols because they have an impact not only on
climate (radiative transfer, cloud processes, etc.), meteorology (bioprecipitation) but also on public health (allergies,
respiratory infections) and on agriculture (fungal spores, molds)”.  In that respect, the paper from Després et al. (2012) is
a good starting point  and provides a comprehensive overview of bio-aerosols together with (Bianchi et al.,  2016),
though  it  does  not  permit  yet  to  quantify  how much  those  processes  contribute  to  the  overall  cloud  nucleation
processes, but they do as confirmed by Tröstl et al. (2016) “Using data from the same set of experiments, it has been
shown that organic vapours alone can drive nucleation” or Kirkby, et al. (2016) “Some laboratory studies, however, have
reported organic particle formation without the intentional addition of sulfuric acid, although contamination could not
be excluded. Here we present evidence for the formation of aerosol particles from highly oxidized biogenic vapours in
the absence of sulfuric acid in a large chamber under atmospheric conditions” a summary is provided by Castelvecchi
(2016).

One should remember at that point, that the modeling of the clouds with the GCMs is very weak, their nucleations
processes are very complex and their impact on the albedo is immediate and that just a change of a tiny 3% (say from
30 to 31%) represents 3,7 W/m2 (of energy reflected back to space), i.e. as much as what a doubling of CO2 is generally
considered to produce. Now, it is worthwhile now to display in a less diagrammatic form than Figure 58, and therefore

190https://en.wikipedia.org/wiki/James_Lovelock 
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in  a  more  phenomenological  representation  the  various  interactions  happening  at  the  different  levels  of  the
atmosphere up to the mesosphere, and it will be exposed after, how these phenomenons, especially the Quasi-Biennial
Oscillation (QBO) and the planetary waves191 have been associated to solar cyclicity and solar wind by demonstrating
the existing correlation between weather and sunspot numbers in a series of seminal articles by Labitzke and Van Loon
(1988, 1989, 1991) and Van Loon and Labitzke (1988, 1990). Roy (2014) also studies the inter-relations between the
Solar Cycle, and the QBO and ENSO in an atmosphere and ocean (only Pacific) coupling and demonstrates the crucial
role played by the Sun in the natural variability observed. In an important paper delivering a key finding on natural
variability, Roy and Haigh (2011) also demonstrate “that solar variability, modulated by the phase of QBO, influences
zonal mean temperatures at high latitudes in the lower stratosphere, in the mid-latitude troposphere and sea level
pressure near the poles”. See also Roy and Haigh (2012) for the detection of a strong positive solar signal on the
Aleutian low.

Figure 58 from Baldwin et al. (2001) spans the troposphere, stratosphere, and mesosphere from pole to pole and shows
schematically the differences in zonal wind between the 40-hPa easterly and westerly phases of the QBO. Convection in
the tropical troposphere produces a broad spectrum of upward waves (orange wavy arrows) which propagate into the
stratosphere, transporting easterly and westerly zonal momentum.

Figure 59. Summary of proposed top-down solar variability effects on climate. Only the Northern Hemisphere is represented, with
the left and right halves showing the differences between summer and winter. The ITCZ, the Inter-Tropical Convergence
Zone, is the climatic equator, ENSO, El Niño Southern Oscillation. Source: Javier (2018a).

Baldwin et al. (2001) explain “Most of this zonal momentum is deposited at stratospheric levels, driving the zonal wind
anomalies of the QBO. Some gravity waves propagate through the entire stratosphere and produce a QBO near the
mesopause known as the mesospheric QBO, or MQBO”. In the tropical lower stratosphere are represented the actual
winds during the easterly phase of the QBO (In blue with symbol E) whereas at high latitudes, there is a pronounced
annual cycle, with strong westerly winds during the winter season. During the easterly phase of the QBO the polar
vortex north of ~45°N shows weaker westerly winds and the high-latitude wind anomalies penetrate the troposphere
and provide a mechanism for the QBO to influence the tropospheric weather patterns and therefore as explained by
Javier (2018a) “One of the most puzzling aspects of the QBO is that it also modulates the Northern Hemisphere Polar
Vortex, a persistent, large-scale, midtroposphere to stratosphere, low pressure winter zone that when strong contains a
large mass of very cold, dense Arctic air, and when weak and disorganized allows masses of cold Arctic air to push
equatorward, causing sudden temperature drops in ample regions of the Northern Hemisphere”. Therefore, as visible on
Figure 58 and 59, the QBO is originally a tropical phenomenon that by means of upward waves affects in the end the

191https://en.wikipedia.org/wiki/Rossby_wave  - Carl-Gustaf Arvid Rossby first identified such waves in the Earth's atmosphere in
1939 and went on to explain their motion.
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global stratosphere through the modulation of winds, temperatures, extra-tropical waves, meridional wind circulation,
the transport of chemical constituents, and the repartition of ozone. 

Labitzke and Van Loon (1988, 1989, 1991) and Van Loon and Labitzke (1988, 1990) had the idea to separate the data on
stratospheric temperatures at the different latitudes according to the QBO phase (Kerr, 1987) and managed in that way
to identify an obvious correlation with the solar cycles “Linear correlations between the three solar cycles in the period
1956–1987 and high-latitude stratospheric  temperatures  and geopotential  heights  show no associations.  However,
when  the  data  are  stratified  according  to  the  east  or  west  phase  of  the  Quasi-Biennial  Oscillation  (QBO)  in  the
equatorial  stratosphere  significant  correlations  result:  when  the  QBO  was  in  its  west  phase  the  polar  data  were
positively  correlated  with the  solar  cycle  while  those  in  middle  and  low latitudes  were  negatively  correlated.  The
converse holds for the east phase of the QBO. Marked relationships existed throughout the troposphere too”.  (Labitzke
and Van Loon, 1988).

Not going to far, one can easily sense from what has been exposed now, that it is not trustworthy to claim on the basis
of the sole short time-series of instrumental measures of the TSI that solar variations and cycles have to be dismissed as
a major explanation of climate change. For example Labitzke states “But there is general agreement that the direct
influence of the changes in the UV part of the solar spectrum (6 to 8% between solar maxima and minima) leads to
more ozone and warming in the upper stratosphere (around 50 km) in solar maxima. This leads to changes in the
vertical  gradients  and thus in  the  wind systems,  which  in  turn lead to changes  in  the vertical  propagation  of  the
planetary waves that drive the global circulation. Therefore, the relatively weak, direct radiative forcing of the solar
cycle  in  the  stratosphere  can  lead  to  a  large  indirect  dynamical  response  in  the  lower  atmosphere.”  This,  it  just
demonstrates a will to jump to a foregone conclusion, which in the end is not too surprising given the one-sided mission
of IPCC, demonstrate that climate-change is man(n)-made.

In a remarkable series of paper published on J. Curry “Climate Etc” website, Javier (2016a-b, 2017a-b-c-d-e-f-g, 2018a-b-
c-d) has covered most of the aspect of the climate over the Holocene. The above Figure 59 is from Javier (2018a) and
summarizes the components we have briefly discussed and which play a role in responding to the solar action.

One will notice that the effects of solar wind or induced magnetic and/or electric coupling and the effects of cosmic
rays are considered by Javier (2018a) as still quite unknown and they have been left out of Figure  59. This is a very
cautionary stance as we have seen that more and more research work has proven the interactions happening between
the solar wind, the magnetosphere and thereon from the stratosphere down to the troposphere, in the end impacting
the Earth's cloud cover and thereof its albedo (e.g. Asikainen et al., 2017; Svensmark et al., 2016, 2017; Maliniemi 2016;
Maliniemi et al., 2017). Depending on the phase of the solar cycle, electrons from tens to hundreds of keV, precipitate
down to the mesosphere and upper stratosphere, where they can create nitrogen and hydrogen oxides which during
winter time survive longer and can descend down to the mid-stratosphere and destroy ozone (Kilifarska and Haigh,
2003), which leads to cooling of the high-latitude stratosphere. This enhances the meridional temperature gradient and
westerly winds, thus accelerating the polar vortex and leading to an  anomalously positive Northern Annular Mode
(NAM) which  encloses the cold arctic air into the polar region and enhances the westerly winds at mid-latitudes 192 and
Asikainen et al. (2017) assert “These results give additional evidence that not only solar electromagnetic radiation but
also the solar wind can affect the climate”.

Javier (2018a) summarizes all the phenomenons displayed on Figure  59 “Energetic particle precipitation at the pole
produces odd Nitrogen and Hydrogen species in the upper atmosphere, that are more efficiently transported downward
by the winter stratospheric vortex, reducing polar ozone levels. UV solar irradiation, variable with the solar cycle, is
responsible for the ozone layer and its temperature gradients. Different types of tropical waves (orange) originating
from  convection,  are  responsible  for  the  creation  and  maintenance  of  the  Quasi-Biennial  Oscillation  (QBO),  that
together with the Brewer-Dobson circulation193 is responsible for the poleward transport of ozone. The position of the
Tropical Jet Stream is determined by the Hadley circulation, while the strength and position of the Jet Stream and the
Polar Night  Jet depend on the strength of the Polar Vortex.  Depending on stratospheric conditions, planetary-scale
Rossby waves (red) can be deflected during the winter, causing stratospheric warming and a weakening of the Polar

192Enhancement of  westerlies  brings  warm and moist  air  from Atlantic  to  the Northern  Eurasia  causing  positive  temperature
anomalies and at the same time negative temperature anomalies are observed in the Northern Canada and Greenland.

193Proposed by Alan Brewer in 1949 and Gordon Dobson in 1956, explains why tropical air has less ozone than polar air, even
though the tropical stratosphere is where most atmospheric ozone is produced. It posits the existence of a slow current in the
winter hemisphere which redistributes air  from the tropics to the extra-tropics.  The Brewer–Dobson circulation is driven by
atmospheric waves.
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Vortex. The Polar Vortex determines the winter state of the Arctic Oscillation (AO), which strongly influences the North
Atlantic  Oscillation  (NAO).  Solar  activity  level,  through its  effect  on stratospheric  conditions,  influences Northern
Hemisphere winter weather far more than its small change in irradiation suggests”, (bold added).

These planetary waves are well known by the meteorologists as they lead to strong temperature anomalies and major
weather patterns, e.g. (Mann, 2019). How could climate, which is the sum (i.e. integral) over time of the weather, not
be  influenced  by  these  complex  relationships  happening  between  the  magnetosphere,  the  stratosphere,  and  the
troposphere, not be influenced by them? Numerous physiochemical interactions happen in the stratosphere, some
originating as high as the mesosphere and move down as waves impacting the tropopause and further propagate into
the troposphere. These mechanisms were already envisaged by Stott et al. (2003) though more focused in that respect
in their paper on UV interaction “Potentially the largest amplification of solar forcing could result from modulation of
stratospheric ozone by variations in solar ultraviolet, which could influence the troposphere via modulation of planetary
waves (Shindell et al. 1999) or modulation of the Hadley circulation (Haigh 1996)”.

These authors also remind us that the interplanetary magnetic field increased during the twentieth century and led to a
decline of the intensity of CRF which contributed to increasing the solar effects on climate. Similar conclusions are
drawn by Haigh and Blackburn (2006) “We conclude that solar heating of the stratosphere may produce changes in the
circulation of the troposphere even without any direct forcing below the tropopause. We suggest that the impact of the
stratospheric changes on wave propagation is key to the mechanisms involved”. GCM models have been pretty unable,
even over extremely short-time scales (e.g. 11-year solar cycle) to render this troposphere-stratosphere coupling and
especially to account for the the secondary maximum in temperature in the lower stratosphere. As pointed out by Gray
et al. (2005) “This secondary maximum is likely to be an important part of the mechanism that transfers the solar signal
from the lower stratosphere  to the troposphere  underestimate the ozone signal  in the upper  stratosphere  / lower
mesosphere”. One must acknowledge that we have very complex non-linear coupled-systems, e.g.  (Simpson et al.,
2009), and that the weather is clearly originating far from us as gravitational interactions modulate the Sun activity and
cycles,  the solar  wind and charged particles play their role and one cannot just  measure TSI variations over short
instrumental periods to grasp how the Sun influences the weather and therefore over time the climate system.

Finally,  Scafetta (2014) gives the big picture “It seems simply unlikely that in a solar system where everything appears
more or less synchronized with everything else, only the Sun should not be synchronized in some complex way with
planetary motion. Thus, the Earth’s climate could be modulated by a complex harmonic forcing consisting of (1) lunar
tidal oscillations acting mostly in the ocean;  (2) planetary-induced solar luminosity and electromagnetic  oscillations
modulating mostly the cloud cover, and therefore the Earth’s albedo; and (3) a gravitational synchronization with the
Moon and other planets of the solar system modulating, for example, the Earth’s orbital trajectory and its length of day
(cf. Mörner, 2013).”

As a side note, one should consider that even though the Earth’s climate has changed a lot on all timescales for various
reasons that we have addressed, the strange couple that the Earth and the Moon form, the latter being abnormally
large of a satellite with respect to Earth’s size, has lead to stabilizing the inclination of the Earth’s rotation axis on the
ecliptic (tilt of the earth's axis relative to its orbit around the sun). This is a unique case in the solar system and very
fortunate, as Mars for example which present a comparable inclination today to that of the Earth has seen its value
change a lot over time (Touma and Wisdom, 1993). This has resulted in a much more stable climate on Earth than it
would have been if the Moon hadn't teamed up with us (Ward and Brownlee, 2000).
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“The slow emergence of fossil fuel emissions prior to 1950 did not contribute significantly to 19th and early 20th century
sea level rise. Identifying a potential human fingerprint on recent sea level rise is confounded by the large magnitude of
natural internal variability associated with ocean circulation patterns. There is not yet any convincing evidence of such a
fingerprint on sea level rise associated with human-caused global warming.” (Curry, 2018)

Rasool and Schneider (1971) had forecast that the increased rate of injection of man-made particulate matter in the
atmosphere would return us in the next 50 years into an ice age. In the same paper, they noted though that «Even for
an  increase  in  CO2 by  a  factor  of  10,  the  temperature  increase  does  not  exceed 2.5  °K.  Therefore,  the  runaway
greenhouse effect does not occur because the 15-µm CO2 band, which is the main source of absorption, "saturates," and
the addition of more CO2 does not substantially increase the infrared opacity of the atmosphere». Both assertions were
correct, though the ineluctable return to an ice age will not happen on short notice and not for the reasons given. They
probably quickly sensed that their career needed a U turn to take some momentum and they converted to the rising
tide of climate global warming alarmists. As soon as the late seventies, Schneider in the "The Palm Beach Post" edition
of the 8th of January 1979, while working for the National Center for Atmospheric Research at Boulder (Colorado)
predicted that «man-caused global warming would thus melt polar ice and raise sea levels by many feet ". Schneider
predicted this as a possibility to happen before the end of this century (understand before 1999) and teamed up with
Robert Chen of MIT to add «sea-level rise of 15 to 25-foot. The nation's coastline would change markedly». 

Fifty years after these predictions failed miserably, it is therefore simply amazing to see the same scare tactics used
again and again.  Prophets of doom keep popping all over the place and litter the greatest universities worldwide and
are ready to embark us on an economic Armageddon on baseless fears. Consider this example, of which we just pick-up
one amazing sentence, as it cannot be further away from any decent scientific approach «One issue that concerns many
scientists is that many of global warming's impacts have unfolded significantly faster than expected. For example, in
2007 the IPCC projected that global average sea levels would rise 0.6 meters (2 feet) by 2100, but in 2013 the prediction
was revised to as much as 0.98 meters (3.2 feet), and then in 2016 revised again up to 2 meters (6.6 feet)» (Henderson
et al., 2017). This is typical of the way people confuse astrological predictions through a crystal ball and how science
should be made. So far, nothing has unfolded at all, the only thing that has happened is that changing the crystal ball
they use, those charlatans have increased their «forecasts», but why not increase them to more than 20 meters, or
even more to engineer a good epicontinental transgression? This analysis reported by Henderson et al. (2017) is based
on a journalist paper (Jones, 2013).

In fact the conclusion of Jones’s (2013) paper is just hilarious; she quotes Don Chambers (sea level researcher at the
University of Texas), who declares “I always tell people if they live under 3 feet above sea level, they should be worried
about the next 100 years”, do you really think that these people will not have anything else to worry about for their
next 100 years! Those academics simply live on another planet than the average Joe and do not even know it.  The
Henderson  et al. (2017) paper continue «At the highest level, several studies suggest that the cost of mitigating the
effects of climate change are likely to be much lower than the costs of leaving it unchecked. For example, the IPCC
estimated that... leaving global warming unchecked might cost 23% to 74% of global per capita GDP by 2100…» What
an accurate forecast that we must trust, between 23% to 74% of global per capita GDP, it is an amazing number and a
dazing uncertainty, it is not even an astrological forecast any longer now but plain delirium. Then the ranting goes on by
attempting to calculate «the social cost of carbon" (SCC), a measure designed to capture the economic damages caused
by carbon emission...».

It is plain madness, there is no costs but only benefits to making use of carbon-based energies, they will strengthen the
growth of plants and vegetables and they will enable us to keep achieving what humankind has made it possible to
happen, a better life for everybody, as since the year 1500 human population has increased 14-fold, production 240-
fold and energy consumption 115-fold. It is because we have access to fossil and nuclear energy that we have increased
production 240-fold. Academic staff from Harvard Business School are not just mistaken in their strange reasoning, they
have gone straight  into the ditch of  non-sense. It  is  also amazing to see how lightly business academics can take
numbers which are no better than what a roll of dice would give and claim «global warming's impacts have unfolded
significantly faster than expected»! 
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Had they done their homework, not science as its not their job, they would have found that it takes 360 Gt of water to
raise the sea level by 1 mm. Floating sea ice does not contribute to a Sea Level Rise (SLR). Tide gauges spread over the
globe say that  we have had a rise of around 1.3 mm/year (Wöppelmann et al.,  2007) after GPS correction of the
subsidence or the emergence of the basement carrying the tide gauge; a part (half?) of this 1.3 mm/year is attributed
to a pumping of groundwater greater than their filling (local subsidence) and perhaps and for at most 0.5 mm - and for
the last  decade only -  to a decrease of  altitude glaciers outside Antarctica and Greenland. Altimeter observations
(Zwally et al., 2012; 2015) suggest an Antarctic mass gain of 43 to 49 Gt-water/year revised upward in 2015 for 1992 to
2008 to +200 Gt-water /  year on the eastern part  and -  65 Gt-water/year on the western part  and the Antarctic
Peninsula, that is, net, 135 Gt-C / year sequestered.

Figure 60. Average monthly levels in Brest since 1807: the big maximums are in Dec. 1821 (7225 mm), Nov. 1852 (7233 mm), Dec.
1876 (7322 mm), Feb. 1966 (7422 mm) and Dec. 2000 (7426 mm). The 18.6-year lunar cycle is visible on the annual
averages while the monthly values mainly show the effect  of winter storms. In yellow moving average over 5 years.
http://www.psmsl.org/data/obtaining/rlr.monthly.data/1.rlrdata 

Veyres (2020) reminds us that the longest series of monthly averages, the number 1 in the collection of the permanent
sea level observation service (www.psmsl.org), that of Brest (France), Figure 60, shows an increase of +200mm in 207
years and +150mm over 1910-2015. So, none can say «the global warming's impacts have unfolded significantly faster
than expected» as Henderson  et al. (2017) claim, forecasts announcing a sea level rise of 2 meters by 2100 are just
ridiculous, and observations show that so far over 207 years we have observed +200 mm, e.g. Church and White (2006)
report 195 mm from January 1870 to December 2004, a tenth of what the doom-sayers claim over a much longer
period than the 80 years to go until 2100! Furthermore, the Antarctic Peninsula, is sequestering  net, 135 Gt-C/year and
contribute to a  decrease of the sea level of 0.375mm/year (Zwally et al.,  2012; 2015). One of the objections some
people have aired with our reasoning has been why don’t you use more global satellite data? The reason why we have
been cautious with satellite data is that are constantly being reprocessed, adjusted, forged?, as it has been too often
the case for other global observation data, for which obtaining «raw data» is always a challenge as these are too often
locked  down  by  the  institutions  managing  them.  This  cast  a  doubt  on  their  validity  and  makes  their  integrity
questionable and this is unfortunate because this was not the case in the 1980s when the remote-sensing laboratory194 I
used to work for made a daily usage of them in trust, before the climate fiasco and related hysteria.

This is not the case with sea gauges and whatever the world area where we get their data from, they show a coherent
(across series) and consistent (over time and for Brest, long periods of time) picture : the sea level rise is minimum and
there is no measurable significant acceleration: “It is evident that the installation of GPS equipment in 2000 has had an
influence on stabilizing the SEAFRAME gauges.  Since that  date, there has been little evidence that the sea level  is
changing in the 12 Pacific islands” (Gray, 2010)195 or consider the report by Mitchell et al. (2012), i.e. South Pacific Sea
Level and Climate Monitoring Project: Sea Level Data Summary Report, July 2010 to June 2011, and go to Fig. 10.
Monthly mean sea levels 1991 to June 2011, p. 22, and you will see no sea-level rise for entire pacific area considered,
flat curves (except perhaps the Federated States of Micronesia which has shorter time-serie and may be victim to
subsidence).  Furthermore,  superimposed  on  the  long-term  searched-for  eventual  acceleration  are  quasi  periodic
fluctuations with a period of about 60 years (Figure 54) and the decadal variations of sea level dominate the estimate of
acceleration for records shorter than about 75 years (Douglas, 1992; Jevrejeva et al., 2008).

194Centre de Télédétection et d'Analyse des Milieux Naturels (CTAMN) à Sophia Antipolis.
http://www.oie.mines-paristech.fr/Accueil/Historique/ 

195In memoriam of the fight for honesty https://en.wikipedia.org/wiki/Vincent_R._Gray 
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Figure 61. a) Time series of yearly global sea level calculated from 1023 tide gauge records corrected for local datum changes and
glacial  isostatic  adjustment.  Time  variable  trend  detected  by  Monte-Carlo-Singular  Spectrum  Analysis  with  30-year
windows. Grey shading represents the standard errors. b) The evolution of the rate of the trend (black line) showing
multidecadal variability. Blue line corresponds to the linear background sea level acceleration that corresponds to a sea
level acceleration of 0.01 mm/yr2. Red line, IPCC calculated total anthropogenic radiative forcing. Source: Jevrejeva et al.
(2008).

As reported by Douglas (1992) the acceleration can even be a deceleration as “ for the 80‐year period 1905–1985, 23
essentially complete tide gauge records in 10 geographic groups are available for analysis. These yielded the apparent
global acceleration −0.011 (±0.012) mm/yr2”. Whatever the data analyzed by Houston and Dean (2011), using least-
squares quadratic analysis of tide gauges provided either by the Permanent Service for Mean Sea Level (PSMSL), or
Douglas (1992), or Church and White (2006), they obtain small average sea-level decelerations. As displayed on the
previous Figure 61 from Jevrejeva et al. (2008), SLR started more than 200 years ago, when anthropic emission were
ridiculously small as displayed by the red curve in b). The central estimate on 20th-century average SLR is ~ 1.6 mm/yr
(1.2-1.9 mm/yr range), and the acceleration d(SLR)/dt is usually estimated as small as ~0.01 mm/yr 2 ! “A reconstruction
of global sea level since 1700 has been made. Results from the analysis of a 300 year long global sea level using two
different methods provide evidence that global sea level acceleration up to the present has been about 0.01 mm/yr2 and
appears to have started at the end of the 18th century” (Jevrejeva et al. 2008).

SLR displays  a 60-year  oscillation,  like  many other climatic manifestations.  The recent  period of  satellite altimetry
(1993-2017) coincides with the crest of the oscillation, and thus shows a higher rate of  SLR, ~ 3.0 mm/yr,  but no
acceleration, to the surprise of some authors: “Global mean sea level rise estimated from satellite altimetry provides a
strong constraint on climate variability and change and is expected to accelerate as the rates of both ocean warming
and cryospheric mass loss increase over time. In stark contrast to this expectation however, current altimeter products
show the rate of sea level rise to have decreased from the first to second decades of the altimeter era” (Fasullo et al.,
2016). The conclusion here is given by Javier (2018) “If the 60-year oscillation continues affecting SLR, over the next
couple of decades we should expect a deceleration of SLR rates towards ~2 mm/yr”.

As was the case with temperature, SLR precedes the big increase in emissions, and does not respond perceptibly to the
anthropogenic contribution. The b) graph of the previous Figure  61 displays the linearly adjusted trend in long term
average SLR acceleration as a blue line, and the increase in anthropogenic “forcing” (IPCC-AR5, 2013) with a red line.
The evidence shows that the big increase in anthropogenic contribution, has not provoked any perceptible effect on
SLR acceleration. “The belief that a decrease in our emissions should affect the rate of SLR has no basis in the evidence”
(Javier, 2018b). The observed SLR is the result of the cryosphere response to the warming that started since the end of
LIA and no proof can be given that a significant acceleration (so far observed at ~0.01 mm/yr2) is to be expected.

This had to be acknowledged by Fasullo et al., (2016) who expected that satellite altimetry would save their day. When
an acceleration is shown it is mostly caused by selective trend calculation (i.e. cherry-picking). For example, by using a
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start year of 1993, at the bottom of a dip in the trend, a spurious calculation of 3.1 mm/yr is obtained instead of 1.6
mm/yr.  In  reality the recent  data  is  in  line  with the long-term trend and the “acceleration”  is  artificial.  Sea level
reconstructions  over  longer  terms,  such  as  those  performed  by  Grinsted  et  al.  (2009)  show  that  thermo-steric
expansion (Domingues et al., 2008), (Purkey et al., 2014), (Madec et al., 2015) explains a part of variations observed
“Over the last 2000 years minimum sea level (-19 to -26 cm) occurred around 1730 AD, maximum sea level (12 to 21 cm)
around 1150 AD”, therefore the high corresponds to the MWP and the low to the LIA and gives a clear idea of the
amplitude of the variations that one can expect from the current on-going natural warming that took place since the
end  of  the  LIA.  It  also  clearly  shows  the  correspondence  with  MWP  and  LIA  which  were  removed  of  climate
reconstructions by Mann and IPCC.

Figure 62. Time series of sea level anomalies (blue) Jevrejeva et al. (2014). Million tons of carbon emitted from burning fossil fuels
(red) from the Carbon Dioxide Information Analysis Center (CDIAC 2014). Source: (Curry, 2018). As one can see there is
simply no relationship, SLR (blue) started long before significant anthropogenic emissions  and did not accelerate with the
massive increase of emissions since the late 1950s. Another culprit will have to be found.

These facts are highlighted by Curry (2018) “At least in some regions, sea level was higher than present around 5000 to
7000 years ago. After several centuries of sea level decline following the Medieval Warm Period, sea levels began to rise
in the mid 19th century. Rates of global mean sea level rise between 1920 and 1950 were comparable to recent rates. It
is concluded that recent change is within the range of natural sea level variability over the past several thousand years”.

Furthermore,  recent  studies  show  (Fudge  et  al.,  2016)  that  there  is  no  straightforward  and  durable  relationship
between the temperature and the ice accumulation rate at the poles and that, of course, prevents from making any
decent  forecast  to  an  SLR contribution.  In  fact,  The Antarctic  and or  Arctic  contribution to  sea level  is  a balance
between ice loss along the margin and accumulation in the interior. But in Antarctic, at least as far as the WAIS Divide
(WDC) site is concerned, and over the 31 kyr studied with high resolution recently, results show considerable variability
through time with high correlation and high sensitivity (between temperature and accumulation) for the 0–8 kyr period
but no correlation for the 8–15 kyr period and then Fudge et al. (2016) report: “Accumulation records for the past few
decades  are  noisy  and  show  inconsistent  relationships  with  temperature.  These  results  suggest  that  variations  in
atmospheric  circulation are an important driver of Antarctic accumulation but  they are not  adequately captured in
model simulations. Model-based projections of future Antarctic accumulation, and its impact on sea level, should be
treated with caution”.

Basically, the General Circulation Models are simply unable to account for the 15 most recent kyr and corresponding
estimates of SLR contribution are fictions as there does not even exist a stable relationship between the temperature
and ice accumulation rates. If Antarctic is in no way significantly a contributor to any SLR, one can reliably assess that
Arctic has been a net contributor since the switch of its the decadal mass balance which occurred in between 1972–
1980 when showed a mass gain of +47 ± 21 Gt/y and tilted to a loss of 51 ± 17 Gt/y in 1980–1990 (Mouginot et al.,
2019). Cumulated since 1972, these authors report that Arctic has been the main contributor to SLR, i.e. “ the largest
contributions to global sea level rise are from northwest (4.4 ± 0.2 mm), southeast (3.0 ± 0.3 mm), and central west (2.0
± 0.2 mm) Greenland, with a total 13.7 ± 1.1 mm for the ice sheet. The mass loss is controlled at 66 ± 8% by glacier
dynamics (9.1 mm) and 34 ± 8% by SMB196 (4.6 mm)”, but will see in the section dealing with the Arctic that it is in no
way outside of normal natural variability.

196SMB = Surface Mass Balance
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Then people can run computer models or throw the dice to try to scare the public, the result is not very different. In
that respect, Storch et al. (2008) considered as experts in that domain have studied the relationship between global
mean sea-level and global mean temperature in a climate simulation of the past millennium and are honest when they
report that «it has been found that the best statistical model of the four explored here is the one that uses the ocean
heat-flux as predictor. Unfortunately, the ocean heat-flux is a variable that is difficult to estimate in the real world, and
of which long time series simply do not exist. Therefore, this close relationship is not useful to estimate empirically
future sea-level changes. The linear link between global mean temperature and the rate of change of global mean sea
level (model Eq. 1) has turned out to be not reliable over the full time period in the context of this climate simulation;
instead,  for  some periods,  even inverse  relationships  were  found to describe  the  simulated  data best.  The second
predictor “rate of change of temperature”, used in model Eq. 4, analyzed here in more detail, did not show markedly
better results. For both predictors, there exist periods in the simulation where the prediction errors are very large».
Basically, running sophisticated computer models, in that case four different, has not delivered any reliable estimate of
what the sea level rise could be, instead sometimes providing even inverse relationships!

Furthermore, trying to attribute to anthropogenic CO2 emissions SLR will be made extremely difficult by the natural,
internal climate variability associated with ocean circulations, i.e. currents and winds.  These introduce strong changes
in regional sea level on timescales from years to decades (and even longer). As reported by Curry (2018) “For example,
sea level  variability  in the Pacific  Ocean related to El  Niño Southern Oscillation (ENSO)  and to the Pacific  Decadal
Oscillation (PDO) is of the order of ±10–20 cm, which masks any sea level changes due to increasing CO2”.

Finally  all  geologists  know that  a  level  is  highly  variable  as  the  land  used as  a  reference  can instead  experience
subsidence  or  rise  for  various geodynamic reasons,  one of  the most  frequent  being  just  an  isostatic  adjustment,
example taken by Legates in his testimony “Sea level, while important to areas in southeastern Pennsylvania along the
Delaware River, has risen steadily over the past 120 years but shows no correlation with increasing carbon dioxide
concentrations. At the US Coast Guard Station in Philadelphia, sea level is likely to rise another 9½ inches by 2100, but
half of that rise in sea level is due to coastal subsidence due to Glacial Isostatic Adjustment from the unloading of glacial
ice since the last Ice Age some 22,000 years ago” (Legates, 2019).

The main cause of U.S. East Coast subsidence is natural and is due to the melting of the ice-sheet that covered northern
America during the LGM. The land beneath it has been springing back up by isostatic adjustment and like a see-saw,
that's causing areas south of the former ice sheet to sink back down, including Maryland, Virginia and North Carolina.
Other areas have experienced strong subsidence mechanisms leading to an apparent sea level rise, and e.g., Nienhuis et
al. (2017) report “Coastal Louisiana has experienced catastrophic rates of wetland loss over the past century, equivalent
in area to the state of Delaware. Land subsidence in the absence of rapid accretion is one of the key drivers of wetland
loss”.

What is serious, is that Harvard Business School academics should not jump start on the first scare and realize that
major economic disruptions will happen if people keep going along IPCC’s line of thoughts without doing their own
homework and cross-checking of data and results. So, nobody can claim that he knows where the sea level will be in
2100, not the IPCC better than others as they have consistently been wrong with all their predictions, but what I am
sure about is that given the complexity of the subject, the fuzziness of the forecasts and the limited understanding we
have of the situation, we are going to face many other problems, more worrying, before that one might happen in
2100, if it will, especially if we destroy our economies for such kind of non-sense and disrupt our industries and create
massive poverty and unemployment. I would suggest that business schools focus on improving businesses, productivity
and wealth creation and not worry about where the sea level will be in 2100 and do not take whimsical predictions for
granted.

“In many of the most vulnerable coastal locations, the dominant causes of local sea level rise problems are natural
oceanic and geologic processes and land use practices. Land use and coastal engineering in the major coastal cities have
brought on many of the worst local problems, notably landfilling in coastal wetland areas and groundwater extraction”
(Curry, 2018)

It is not possible to close this short section on “sea level rise” without mentioning the work of Nils-Axel Mörner who
passed away on Oct 16, 2020. As summarized by Monckton of Brenchley (2020c) “he knew more about sea level than
did Poseidon himself. Professor Mörner was a hands-on scientist. He did not enjoy squatting in his ivory tower. He liked
to travel the world investigating sea level by the novel method of actually going to the coastline and having a look”.
Mörner wrote many papers on the subject with the rigor of a great scientist, a great geologist who always put more
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credence on the facts observed in situ than on any other remote measurements, such as data acquired by satellites.
This sounds like the basics of natural sciences, go into the field, observe things as they are, not running sea-level change
models on computers and dismissing what's visible in plain sight! By doing so, he was involved in many projects with a
host of scientists who welcomed him in distant parts of the world, such as the in the Maldives Project (2000-2005) , in
the Qatar Project (2006), in the Bangladesh Project (2009), in the Goa Project (2013), and in the Fiji Project (2017). In
Mörner (2017) he observes that because the satellite altimetry data have been “corrected” to give a rise in the order of
3.0 mm/yr the value of the observations in the field is paramount. Mörner (2017) notes “This 'correction' may, of
course, be classified as a “manipulation” of facts, like the manipulation temperature measurements recently revealed”
making reference to the tortuous issue raised by Rose (2017a-b). He concludes “ In this situation, there are all reasons
to return to solid observational  facts. Those facts are controllable, and this is a key criterion in science. The global
perspective is general stability to a minor rise with variations between ±0.0 and +1.0 mm/yr. This poses no problem for
coastal protection”. Other studies worth reading are (Mörner,  2010-2011, 2012).

His studies in all the places he visited confirm the very slow SLR that have been reported here, that occur since the end
of LIA, and show no acceleration whatsoever as visible on Figure 62, whereas the emissions have kept growing at an
accelerated rate. He even reported in some places as in Bangladesh that the sea level was actually falling and that when
locally some anomalies  occurred,  they were related to completely different reasons,  e.g.  local  prawn farmers had
grubbed  up  the  mangroves  whose  roots  had  previously  kept  the  coastline  stable.  As  reported  by  Monckton  of
Brenchley (2020c)  in  Mörner's  eulogy “On another  occasion  Professor  Mörner  was visiting  the  Maldives  when he
noticed a small tree, 40 years old, right on the beach, in leaf but lying on its side. The fact that the tree was still there,
feet from the ocean and inches above sea level, after 40 years told him that there had been no sea-level rise since the
tree had first begun to grow, or it would have been drowned. He enquired locally about whether there had been an
exceptional  spring tide caused by  global  warming and sea-level  rise that  had overthrown the tree.  He discovered,
however,  that  a group of  Australian environmental  extremists had visited the beach shortly  before him.  They had
realized that the presence of the tree showed that the official sea-level record showing a sharp rise over the past half-
century must be incorrect, and had uprooted the tree. Professor Mörner stood it back up again and photographed it.”

Figure 63. Left: The V atop an horizontal bar Ɣ197 visible inside the ellipse (near center-left) which stands a bit less than one meter
above the water is a mark 50 cm across (tidal range is less than a meter) that was etched by Capt. Sir James Clark Ross in
1841 to indicate the mean sea level and is still perfectly visible in this picture made by Daly in 2004 at the Isle of the Dead
(Tasmania) showing that no significant SLR has occurred since 1841, < 0.8±0.2 mm/yr as per Hunter et al. (2003), Fig. 1
and 2, p.54-2 and 54-3, for the complete story refuting the SLR altogether, see Daly (2003a-b-c). Right: the Mörner Tree of
the Knowledge of Good and Evil shows that no SLR occurred either in the Maldives, from Monckton of Brenchley (2020c).

Exactly as the picture taken by John L. Daly in 2004 (low tide on 20 Jan.) of the 1841 sea level benchmark (inside the
ellipse) on the `Isle of the Dead'198, Tasmania, remains and reminds where was, according to Antarctic explorer Capt. Sir
James Clark Ross,  the mean sea level in 1841 (Ross, 1847), the Mörner Tree of the Knowledge of Good and Evil199

197Go to http://www.john-daly.com/photomrk.htm for a larger picture.
198https://en.wikipedia.org/wiki/Isle_of_the_Dead_(Tasmania) 
199https://en.wikipedia.org/wiki/Tree_of_the_knowledge_of_good_and_evil 
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should lead to the expulsion of all the cheaters, the manipulators, the unworthy ones from the realm of science. These
are facts rooted in the field observations, not on 'corrected', i.e. fudged? satellite data and fantasy computer models.
They are also completely at odds with statements in the press made by Mann and Hansen (Wallace-Wells, 2017), who
appear more as climate activists and alarmists than as scientists in such operations of intentional deception (see p.
321).

Figure 64. Zoom on the etched benchmark displayed in the ellipse (near center-left) of Figure 63, that was engraved under the order
of Capt. Sir James Clark Ross in 1841 to indicate the mean sea level at the Isle of the Dead (Tasmania). After Hunter et al.
(2003).

The mark carved by Lempriere under the instructions of Ross (Figure 64) has led to a dispute between Daly (2003a-b-c)
and Hunter et al. (2003) who write “From the position of the benchmark relative to mean sea level as estimated in
1875– 1905, 1888 and 1972, and from our modern records (Figure 2),  we believe that it  is  inconceivable that the
benchmark could have been at mean sea level in 1841”. It can be inconceivable for them, but it is what Ross (1847)
stated in several occasions and wrote in his book “The fixing of solid and well secured marks for the purpose of showing
the mean level  of  the ocean at  a given epoch, was suggested by Baron von Humboldt,  in a letter to Lord Minto,
subsequent  to the sailing  of  the  expedition,  and of  which I  did  not  receive  any account  until  our  return  from the
Antarctic seas, which is the reason of my not having established a similar mark on the rocks of Kerguelen Island, or
some part of the shores of Victoria Land. ...". From thereof is rooted the origin of the disagreement with Daly (2003a-b-
c) the importance of which is further minimized by Hunter et al. (2003) stating that this single point would not alter
significantly the global picture and the results of surveys based, e.g. on say 24 other stations (Douglas, 1997). This is of
course true and incorrect at the same time: arithmetically true if one considers that Port Arthur, Tasmania, is just one
observation point of a series of a well established theory this being the position of Hunter et al. (2003) and incorrect if
one considers that one observation is more than enough to refute a theory as long as it is certain, which is Daly's
(2003a-b-c) stance. The latter is especially true given the uniqueness of the engraving at the Isle of the Dead, delivering
the oldest physical reference that provides for the longest direct observation of the sea-level. The situation is further
complicated by the fact that the 1880s tremors may have changed the geographical setting at Port Arthur, Tasmania
(and thus corresponding levels up or down, in fact as in many other places200 for various geodynamical reasons such as
tectonic or isostatic natural adjustments). These earthquakes were well documented by Shortt (1885) and reported on
a map where appears the likely epicenter of a series of  earth tremors (also listed in a comprehensive table) that
occurred in Tasmania between 1883 and 1885, and which continued into 1886 after he published his paper. They were
unprecedented in both scale and frequency either before or since.

The Isle of the Dead in Tasmania is certainly not the only place where the battle rages. The Maldive archipelago is also
regularly used by the scare mongers to let people think of a supposedly urgency to take drastic measures to circumvent
the alleged catastrophic SLR that should submerge the low lying islands worldwide. The only problem is that their
apocalyptic vision does not match with the facts, the mere reality, when observed in a non-partisan way. This is just
what Duvat (2020) did in her recent paper where it appears that since 2005, 110 (59.1%) of the 186 islands in the
Maldives studied grew by ≥3%. Of those 110 expanding islands, 57 grew by  ≥10% and 19 grew by ≥50%, that’s just in
the last decade. Of the islands that didn’t expand in size, 38.2% (71 islands) were classified as stable (defined as neither
growing or contracting by more than 3%). This leaves only 5 islands out of 186 (2.7%) that decreased in size since the
1980s. Put another way, 97.3% of Maldives islands have been either stable or growing since 2005, all while Climate
Alarmists have exploited the Maldives as a poster child of ‘’sinking islands” to recruit gullible children into their cult.

200Recent vertical motions can be assessed using the following site:  https://www.sonel.org/-GPS-.html CGPS indicates rising land
motion for many places, e.g. Oslo, Norway and Vaasa, Finland, 5.33 +/- 1.12 mm/yr at Oslo and 7.88 +/- 1.14 mm/yr at Vaasa
leading to sea-level drops!
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This situation is despite the fact that the Maldives islands are objectively a region characterized as one of the most
vulnerable to sea level rise perturbation, as about 80% of the islands are less than 1 meter (m) above sea level.

Figure 65. Sea-level change over the last 14.000 years (Holocene) in the “Golfe du Lion” as per Aloïsi et al. (1978) showing a constant
SLR of +1mm/year over 8000 years, stopping at -4,500 years ago. This reconstruction matches that of Lambeck and Bard
(2000), Fig. 3. Since the top observed at -4,000 the sea level has been pretty stable as reported by Morhange et al. (2001).
After Aloïsi et al. (1978). See also O'Brien et al. (1995), Fig. 2 (center-down), p. 1963.

Considering that the Maldives population (>400,000) has been doubling every 25 years since the 1960s and nearly 1.3
million tourists visit many of the 188 inhabited islands every year, the Maldives islands are especially vulnerable and
represent a landmark in the critical assessment of the effects of sea level change. The situation shows that if a small SLR
has occurred, has it really?, it has been defeated by human ingenuity, adaptation to changing conditions being the best
response as always, and engineering feats such as island raising, artificially expanding island areas, and “armoring”
shorelines,  have lead to  an  expansion  of  most  of  the Maldives  in  recent  decades.  Rightfully  making  a  difference
between the islands where man intervention and engineering led to human adaptation and “natural” islands, Duvat
(2020)  states  “As a  result  of  widespread human  intervention,  these  islands  behave  very  differently  from both  the
documented Pacific islands and the Maldivian islands of Gaafu-Alifu Dhaalu Atoll (most of which are ‘natural’), 15.5 %
and 19.5 % of which underwent expansion over the past decades, respectively”. The later islands, referred to as the
Huvadhu atoll, is a large atoll that contains 255 extremely low lying islands, the most in the Maldives and is further
divided in between the Northern Huvadhu Atoll (Gaafu Alifu), and Southern Huvadhu Atoll (Gaafu Dhaalu). So even in
that extremely unfavorable case, nearly 20% of the islands managed to show some natural expansion which is, in itself,
a bewildering observation. But in fact what Duvat and Magnan (2019) report is that it is the anthropogenic change
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brought to these islands to accommodate population expansion or economic development that  is  the main factor
behind island evolution and not any related climate-change problem and of course this drives what the adaptation
strategies to any possible future climate-change should be as they differ for rather unadulterated ecosystems (Type 1
and 2 islands) and other islands' types. In any case, so far, it is certainly not the supposedly devastating AGW-related
SLR  that  is  driving  the  future  of  these  atolls.  Furthermore  in  a  previous  study,  Duvat  (2018)  published  a  global
assessment of how the Earth’s islands and atolls are faring against the ongoing challenge of sea level rise since satellite
monitoring began in the 1980s. She reported “no widespread sign of physical destabilization in the face of sea-level
rise.” In fact, a) none of the 30 atolls analyzed lost land area, b) 88.6% of the 709 islands studied were either stable or
increased in area, c) no island larger than 10 hectare (ha) decreased in size, and d) only 4 of 334 islands (1.2%) larger
than 5 ha had decreased in size. The rapidly increasing population ever drawing more of the local resources of these
small low lying islands is creating a challenge to nature conservation and preservation, and is not related to supposedly
AGW-induced climate change.

To better put this section in perspective, one should notice that transgressions and regressions are the very basics of a
scientific discipline, i.e. stratigraphy and that they have happened constantly over millions or rather hundreds of million
of years and are well documented by geologists. They have been constantly happening over the recent late Pliocene-
Pleistocene and have been extensively studied, e.g. (Brigham-Grette and Carter, 1992; Bromley and D'Alessandro, 1987;
Malatesta and Zarlenga, 1988; Migoń and Goudie, 2012; Naish and Kamp, 1995;  Yi, et al., 2016). During the Eemian the
Mediterranean sea was up to 6 meters higher than now (Gilli, 2018). Just considering the very recent record, i.e. since
the end of the LGM, 30,000 years ago, e.g. as per Lambeck and Bard (2000) or more accurately for the last 14,000 years
as studied by Aloïsi et al. (1978), a marine transgression has been observed worldwide and many papers documented
correctly what was in the geological record. The previous Figure 65 is from Aloïsi et al. (1978) and shows a 80 meters
increase of the sea-level over the period -12.5ky to -4.5ky and a quasi stagnation since -4.5ky as can be attested by
observations,  e.g.  in  the  Cosquer  Cave201 (Collina-Girard,  2014).  Basically  a  10mm/year  increase  over  8,000  years
corresponding to the end of the stadial (glacial stage). It is also known that during the MIS 5a the sea level was higher
than that observed now and the timing of this ~84- to 80-kyr maximum closely matches the June 60°N insolation peak
at ~84 kyr, see Dorale et al. (2010) Fig. 2. It also appears that the ice-sheets built up during the cold MIS 5b completely
and very rapidly melted or so and that MIS 5a was thus warmer and more ice-free than now, while MIS 5a also nearly
matches MIS 5e-1 (~117 kyr). These observations provide evidences of the strong natural variability over the last ~100
kyr, whereas changes of the atmospheric composition certainly did not drive it.

We have evidenced from Figure 60, that direct measurements since 1821 show that since the end of LIA (and with no
relationship to man-made emissions) we have had a return to a transient regime of SLR. The end of the interglacial is in
sight, in less than 1,000-1,500 years and things will naturally strongly reverse (marine regression). Don't we have more
urgent problems to solve over the next millennium than a potential but absolutely uncertain 1 to 1.5 meter maximum
sea-level rise before returning to an ice-age? Can't we adapt to that over a millennium? In many places in southern
Italy,  because of  natural  changes  and tectonic  adjustments  many antic  harbors  (dating  back  to  -2.000 years)  are
kilometers inside the lands or inversely submerged by natural subsidence. Did mankind stay there, people twiddling
their thumbs waiting for catastrophic sea-level changes, either up or down ? In any case fossil fuels will have been
exhausted centuries before then.

My understanding is that we argue again about measures which are unable to deliver a clear anthropogenic signal that
would be undeniably different from the natural variability and as summarized by Figures 60, 61 and 62, there has been
since the end of LIA a slow and rather steady SLR that did not show any meaningful acceleration whereas the CO 2

emissions have been skyrocketing since 1950 (to properly assess their effects one should of course take their logarithm,
but nonetheless) and in any case adaptation and remediation would be better policies to cope with a phenomenon that
started hundreds years ago from natural variations than to enact radical measures that most probably will have no
effect on the natural order of the things and will harm severely the prosperity of humanity by restricting access to
cheap and easily available energy sources, see e.g. (Lomborg, 2020a-b).

Finally as the melting of the poles cannot account for any significant SLR, the AGW-proponents have tried to find a
solution into the thermo steric (see foot-note 460) expansion of the oceans. This required a new conjecture, that of the
heat hidden in the oceans, which is one more lasting deception. Argo is an international program that uses a fleet of
more than 4,000 profiling floats to observe temperature, salinity, currents, and, recently, bio-optical properties in the
Earth's oceans; it has been operational since the early 2000s and is mainly used to monitor the Ocean Heat Content

201https://en.wikipedia.org/wiki/Cosquer_Cave by 43° 12′ 10″ N, 5° 26′ 57″ E
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(OHC). Heat is an energy measured in Joules and it flows only from the warmer to the colder as Rudolf Clausius stated it
in 1850 with the second principle of thermodynamics.  One should observe here that if the IR properties of the water
molecule  explain why some heat  re-emitted by the Earth  is  absorbed in the IR  by water  and water vapor  in the
atmosphere (the so called GH effect), it also explains why no IR radiation can penetrate the oceans for the simple
reason that a few microns of water stop them due to the vibrations of the water molecule. By using data delivered by
such a massive fleet of "Argo floats" Wunsch and Heimbach (2014) have analyzed the oceans down to the abyss and
report an increase of 4 1022 Joules over a 19 years period, this apparently very large energy contributing to the radiative
forcing of a tiny 0.2 W/m2, this value has  steadily decreased over the years, from a max given by Hansen et al. (2005) of
0.8 W/m2, Lyman et al. (2010) of [0.53-0.75 W/m2], von Schuckmann et al. (2011) of 0.54±0.1 W/m2, down to 0.2 W/m2

by Wunsch and Heimbach (2014). Given the volume of the oceans of 1,3 1018 m3, thus a mass of 1,3 1018 tons, Wunsch
and Heimbach (2014) have deduced a calorific capacity of 5.4 1024 Joules per degree °K.

As the mean temperature of the oceans is 15° ±13°C, i.e. 288 ±13°K, the thermal energy contained in the oceans is
around 5.4 1024 x 288 = 1.5 1027 Joules and thus over 19 years the energy accumulated in the oceans is 19 x 1.5 10 27

Joules. Thus, the annual increase can be computed as (4 1022) / (19 x 1.5 1027) = 0.00014%, and an annual warming of a
very small amount: (4 1022) / (19 x 5.4 1024) = 0.0004°C/yr as detailed by Gervais (2018).

Such a ridiculously small number is beyond even ARGO system's measurements capabilities and is furthermore, if real,
very heterogeneously distributed across the various oceanic basins. Again, these values when compared to the natural
variability appear insignificant.

In the end, can we get a better proof to show that the subject is a propaganda issue, not a scientific one, than the fact
that people like Al Gore and Susan Solomon (Co-Chair for Working Group I for the IPCC's Fourth Assessment Report)
have invested heavily in beach-front properties, so worried they are of the threatening sea level rise to come.
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The climate is not driven by the short-term SW or LW absorption within the atmosphere’s relatively trivial mass, as its
heat capacity is only the equivalent of a 2.5 m layer of seawater, but rather by the long-term ‘storage function’ of the
memory of the accumulated radiative equilibrium that resides in the ocean (Ellsaesser, 1984). In the intermediate term,
the atmosphere is  driven by variations in ocean dynamics in  accordance with the various oscillations that  we are
dealing with in this section, the El Niño phenomenon being probably one of the most conspicuous. In the longer term, it
is driven by variations in solar irradiance associated with variations in the Earth’s orbital motion about the Sun and the
variations in the solar activity (and cycles) and how they might influence cloudiness and thus the albedo.

Most  of  the  natural  oscillations  discussed  in  this  section,  if  limited  to  their  atmospheric  component,  could  be
considered as such short-term changes that would have a more direct relationship to meteorology than to climate-
change strictly speaking, though climate as already said is just the sum over time (the integral) of the weather, thus
their indissociable connection. Most of these oscillations concern the oceans to the notable exception of the mainly
atmospheric QBO (Quasi-Biennial Oscillation) and some are mixed (e.g. ENSO), thus showing the complex intricacies
happening  in  this  highly  coupled-system  ocean-troposphere-stratosphere  not  to  mention  the  role  played  by  the
topography (and of course the major mountain-belt systems) which should also be integrated as they deviate or orient
in some way the atmospheric circulation. ENSO (El Niño Southern Oscillation, alternatively El Niño - La Niña), AMO
(Atlantic  Multidecadal  Oscillation),  NAO  (North  Atlantic  Oscillation),  PDO  (Pacific  Decadal  Oscillation),  AO  (Arctic
Oscillation), AAO (AntArctic Oscillation), and QBO will be briefly reviewed. Even though these oscillations take place on
short-term scales (as far as the climate is concerned) they can be traced back for the entire Holocene and so belong to
the climate and furthermore contribute to physical phenomenons having an impact on longer term mechanisms, e.g.
the importance at all time-scales of the role of the oceans in regulating the CO2 atmospheric content as per Henry's law
“We used space-based CO2 observations to confirm that the tropical Pacific Ocean does play an early and important role
in modulating the changes in atmospheric CO2 concentrations during El Niño events” (Chatterjee et al., 2017). AMOC
will be considered last and AMO in more details in another section with the Arctic.

ENSO is the first global system of climate variability, in fact the largest perturbation to the climate system on an inter-
annual  time scale with a period of  2 to 7 years.  The Southern Oscillation is  an associated (atmospheric)  pressure
oscillation between northern Australia and the central  Pacific.  The warm phase is  designated El  Ninõ (El  Niño de
Navidad), it is the term used by Peruvian fishermen who named the weather phenomenon after the newborn Christ, as
they mainly noticed it after Christmas. It is an intensive warming of the ocean in the Eastern Pacific at the level of the
tropics for about 5 months. The opposite cold phase is called La Ninã and the system oscillates between warm and cold
conditions over a return period of about 4 years, on average with large deviations (e.g. no ENSO occurred in between
1927 to 1940). The climatic impact of ENSO is spatially and temporally complex and involves time delays and each El
Ninõ event is distinct from another one in terms of precipitation, temperature, etc. (Jacobs et al., 1994). There exists  a
negative correlation between the indexes of these oscillations, i.e. the sea surface temperatures (SST) averaged over
the tropical east-central Pacific on the one hand and the Southern Oscillation Index (SOI), i.e. the normalized pressure
difference between Tahiti, in the mid-Pacific, and Darwin, Australia on the other hand. The SOI measures the pressure
gradient across the tropical Pacific, an indicator of equatorial wind variations. When the SOI index reaches low negative
values, a strong El Niño is in progress with air pressure low in the eastern Pacific and high in the western Pacific.
Reversely when the SOI index goes highly positive, this indicates a La Niña episode, with air pressure high in the eastern
Pacific and low in the western Pacific, corresponding to a strengthening of the Walker circulation and to the upwelling
of cold deep sea water which cools the sea surface to below average temperatures. Initially, it was thought that the
ENSO variability affected only the Pacific ocean, but the severe ENSO event of 1982/1983, when the sea surface off
Peru warmed by more than 7° C, demonstrated that there are strong links to weather in other regions , e.g. floods in
California, intensified drought in Africa, etc. but it was further discovered that the effects were even much broader and
that planetary-scale oceanic waves crossed the Pacific and that effects of El Nino events can be extremely long-lived
(Jacobs et al., 1994). The observation of this global connection implied that the oceanic and atmospheric anomalies of
the equatorial  Pacific  might  be the key to  accurate  seasonal  weather  forecasts in  other regions.  ENSO has major
regional impacts, but the most obvious is that the displacement of warm water from the west Pacific and the Indian
Ocean to the east Pacific takes the rain with it, causing extensive drought in the western Pacific and rainfall in the
normally dry eastern Pacific and for example, Singapore experienced the driest February in 2014 since records began in
1869, with only 6.3 mm of rain falling in the month and temperatures hitting as high as 35 °C on 26 February. There are
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extensive regional impacts over northern and southern Americas, and all over the western Pacific to the least, but they
will not be addressed here. Leamon et al. (2021) have clearly established a recurring empirical relationship between
ENSO and the end of solar cycles and made the first accurate forecast, six-month ahead of its occurrence (WMO, 2021),
of the onset of La Niña conditions for late 2020 “we expect a rapid transition into La Niña conditions later in 2020
following the sunspot cycle 24 terminator”, as their paper was received April 2020. Leamon et al. (2021) do not wish to
venture  into  addressing  how complex  the Sun-Earth  connection is  and which  mechanisms could  be at  play,  with
particular attention to the relationship between incoming cosmic rays and clouds and precipitation over our oceans, as
this would distract from the empirical evidence they have convincingly established between solar cycles and ENSO
activity.

Figure 66. The typical January–March weather anomalies and atmospheric circulation during moderate to strong (top) El Niño and
(bottom) La Niña natural variability patterns. These influences over the United States often occur most strongly during
the cold season. From (USGCRP, 2017)

Nevertheless, it will be stressed that it was recently discovered that the impact of ENSO goes beyond the previously
known regional influence and that it has a global reach by means of “teleconnections” acting on the stratosphere as it
affects “the strength and variability of the stratospheric polar vortex in the high latitudes of both hemispheres, as well
as the composition and circulation of the tropical stratosphere” (Domeisen et al., 2018) or through the northern winter
PDO modulation when it is in phase with ENSO (Rao et al., 2019).

ENSO can influence the global  circulation pattern  thousands of  kilometers  away  and during El  Nino events,  deep
convection and heat transfer to the troposphere is enhanced over the anomalously warm sea surface temperature
generating Rossby waves.  These planetary waves form at  preferred locations both in the North and South Pacific
Ocean, and the teleconnection pattern is further established within 2–6 weeks. ENSO driven patterns modify surface
temperature, humidity, wind, and the distribution of clouds over the North Pacific that alter surface heat, freshwater
fluxes and thus induce sea surface temperature, salinity, and other anomalies. In fact what ENSO shows is that if the
atmospheric response seems short-term, short-lived and somewhat chaotic from one episode to the next, the oceans
are the major sinks (providing for long term storage of heat, of CO2, etc.) and they organize the world wide circulation
and hysteresis with teleconnections to distant parts of the planet. The extraordinary complexity of these oscillations
that may further be intertwined and their impact on the weather over durable periods and distant locations are one
more telltale of the set and variety of the phenomenons acting and once again completely marginalize the expected
additional 2.6 W/m2 due to the increase of the infamous trace gas.
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The lasting existence and patterns of ENSO throughout the Holocene have been fiercely debated. Sandweiss et al.
(2020) report that by using multi-proxy evidence from the Peruvian coast and elsewhere they found “ that EN frequency
varied over the Holocene: 1) present in the Early Holocene; 2) absent or very low frequency during the Middle Holocene
( 9 to 6 ka); 3) low after 6 ka; and 4) rapidly increasing frequency after 3 ka� � ”. This is somehow concordant with what
Carré et al. (2014) state when they report that “ENSO variance was close to the modern level in the early Holocene and
severely damped 4–5 ka. In addition, ENSO variability was skewed toward cold events along coastal Peru 6.7–7.5 ka�
owing to a shift of warm anomalies toward the Central Pacific. The modern ENSO regime was established 3–4.5 ka� ”.
This is in accordance with Zhang et al. (2014) “In agreement with other proxy evidence from the tropical Pacific, the
mid-Holocene  (5600–3500  yr  BP)  was  a  time  of  consistently  weak  El  Niño  activity”.  Moving  away  to  subtropical
Australia, even if  the various stages aforementioned could not all be identified, it  is worthwhile to notice that the
current ENSO regime is also established as dating back to 3.2 kyr as stated by Barr et al. (2019) “� We find a generally
wet (more La Niña like) mid-Holocene that  shifted towards  drier and more variable  climates after 3200cal.  yr  BP,
primarily driven by increasing frequency and strength of the El Niño phase”. In the end, the attribution exercise seems
compromised for those who would like to see any anthropogenic print on the oscillation as natural fluctuations are
large and ENSO has been responding to natural triggers for more than 10 kyr so far and Cobb et al. (2013) report “Our
results suggest that forced changes in ENSO, whether natural or anthropogenic, may be difficult to detect against a
background of large internal variability”. The high natural internal variability is well attested by Corrège et al. (2000).
Carré et al. (2014) also report “that record clearly shows the occurrence of eight large flood events before 8 ka and 14
after  4 ka (Fig.  3B),  which  is  also consistent  with earlier  studies  of  flood-related debris  flow deposits  in  Peru.  We
conclude that ENSO was sensitive to changes in climate boundary conditions during the Holocene, including but not
limited to insolation”.

From the studies aforementioned, one can infer that during the warmest part of the Holocene, El Niño’s patterns were
fewer and weaker than currently as displayed on Figure 34, and this is related to the northern displacement of the ITCZ
due to an increased insolation at the time resulting from the axial precession maximum (26,000 years for a complete
cycle, remember the Green Sahara), thus the increased frequencies and stronger ENSO oscillations are a testimony to a
cooling world moving into the Neoglacial stage of the interglacial, creating strong natural climatic hazards, such as
floods ( Carré et al., 2014). During the Holocene Climatic Optimum there were a lot less El Niño, and Sandweiss et al.
(2020) considered ENSO quasi absent during the interval spanning 9-6 kyr. Therefore, ENSO has been more or less
active for the entirety, at least, of the interglacial and the Holocene has demonstrated strong climate adjustments to
solar  and orbital  triggers  with  ENSO and other  oscillation(s)  responding to  these natural  solicitations without  any
anthropogenic  need  or  contribution  whatsoever.  These  are  typical  significant  climate  change  drivers,  with  solar
connections known for at least the short-term Wolf cycle, e.g. (Zhai, 2016 ; Misios et al., 2019), that let imagine how
such oscillations may leverage stronger modulations driven by more powerful solar cycles or orbital variations, like the
Bray cycle or yet unknown but highly probable stronger solar variability as Lockwood and Skiff (1990) concluded their
study of similar stars to the Sun by stating “the present short record of solar variability is remarkable only in its present
restraint”. It would certainly be highly presumptuous or simply preposterous to conclude from sketchy TSI measures
since 1979202, i.e. 41 years and reconstructed TSI records for a bit longer, that solar variability is a settled subject and
that one can bank on a solar constant to ensure a stable climate. Changing modes of ENSO activity at millennial and
multi-centennial timescales are therefore induced by variations in the solar radiation budget associated with changes in
solar activity and orbital oscillations and especially the precession of the equinoxes (mainly axial but also apsidal). This
is  what natural climate change has always been and mankind must  adapt and stop thinking that  we've taken the
driver's wheel, we are just passengers of this nice planet that we all want to take care of. As far the modeling of ENSO is
concerned, we will see that even the latest Complex coupled Global Circulation Models (CGCMs) fail at predicting with a
reliable accuracy even if one should expect a El Niño or a La Ninã on short time scales (Collins et al., 2010), e.g. the next
to be event with certainty and when to expect it, and some projecting more El Niño and others suggesting a tendency
towards greater La Niña-like conditions (Steig, et al., 2013), therefore one can easily imagine how speculative it is to
imagine modeling and reproducing the climate back just to LIA or even more, only to the two previous millenniums, and
puts in perspective the fancy claims asserted by IPCC and  Lloyd (2012) p. 395.

The far-reaching effects of El Niño have just been briefly described but this is not the only Pacific-wide inter-annual
anomaly which has been recognized and at least another inter-decadal oscillation is well known,  with strong influences
upon weather patterns over North America, i.e. named North Pacific Oscillation (NPO) when it was first recognized by

202Ensuring the integrity of time-series of measurements coming from different sensors (with their own internal deterioration over
time) embarked with various satellites  and their grouping as a coherent set of measures is a challenge in itself.
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Walker and Bliss (1932) p. 57, and currently referred to as the Pacific Decadal Oscillation 203 (PDO). As early as 1976, the
development of stochastic climate models led Hasselmann (1976) to propose an approach where “ the coupled ocean-
atmosphere-cryosphere-land system is divided into a rapidly varying “weather” system (essentially the atmosphere) and
a slowly responding “climate” system (the ocean, cryosphere, land vegetation, etc.)”, the  climate system, acting as an
integrator of the short-period random weather excitation and displaying a “red” noise feature (i.e. higher variance at
lower frequencies or very long periods) and Hasselmann (1976) observes that  “although GCM’s provide  important
information for climate studies, they are not suitable for the simulation of climate variability as such”. This work is
extended by Frankignoul and Hasselmann (1977) who study Sea Surface Temperature and thermocline variability and
demonstrate that  “long-time SST anomalies may be explained naturally as the response of the oceanic surface layers to
short-time-scale  atmospheric  forcing”,  here  the  word  forcing  means  excitation  (Markov  process).  Frankignoul  and
Hasselmann  (1977)  are  the  first  to  study  the  correlation   functions  and  power  spectra  of  spatially  averaged  SST
anomalies and atmospheric pressure anomalies for the North Pacific (North of 20°N), where the SST anomalies were
correlated with atmospheric surface pressure anomalies and conclude that “the principal statistical properties of SST
anomalies can be explained by a simple model in which the atmosphere acts as a white-noise generator and the ocean
as a first-order Markov integrator of the atmospheric input. According to this picture, the evolution of SST anomalies is
unpredictable,  except  that,  once generated,  they  tend to decay with  an  e-folding  time of  the  order  of  1/2  year”
reminding us the chaotic nature of weather, the excitation being represented by the passage of storms that alter the
ocean mixed layer temperature via surface energy fluxes and Ekman currents. The response of the system is damped
due to the enhanced (reduced) heat loss to the atmosphere over the anomalously warm (cold) SST via turbulent energy
and longwave radiative fluxes and its further impact  on climate. These chaotic triggers and the oceanic responses
through oscillations support the following quote by Roy Spencer “The case for natural climate change I also present an
analysis  of  the Pacific Decadal  Oscillation which shows that most  climate change might well  be the result  of….the
climate system itself!  Because small,  chaotic fluctuations in atmospheric  and oceanic circulation systems can cause
small changes in global average cloudiness, this is all that is necessary to cause climate change ”. The PDO is a long
lasting oceanic feature, though displaying strong variability as studied by Biondi et al. (2001).

Another major weather pattern with climate implications as it can also be traced back throughout the Holocene is the
North Atlantic Oscillation, NAO (Wanner, 2001; Luo and Cha, 2012).  Throughout the North Atlantic basin there is a
pressure field characterized by a region of low pressure centered on Iceland and a region of high pressure centered on
the Azores. In general, a lower than normal pressure in Iceland corresponds to a higher than normal pressure in the
Azores and vice versa. This oscillation of pressure modes is a characteristic of the North Atlantic disturbance regime,
referred to as the NAO. If the pressure difference is enhanced, then stronger than average westerlies occur across the
Atlantic, cold winters are experienced over the northwest Atlantic, winters are warm over Europe, Siberia, and East
Asia, and conditions are wetter than average in Scandinavia and drier in the Mediterranean.

To  simply  characterize  these  opposing  barometric  situations  over  the  Northern  Hemisphere,  climatologists  have
established an index dating back to 1864 and NAO reconstructions have been made up to 1,500 (Luterbacher et al.,
2002b).  This index is  defined and measured as the difference in mean daily pressure (normalized by the standard
deviation over the measurement period, which has the dimension of a force per a surface), between two fixed weather
stations (Uppenbrink,  1999).  It  is  interesting to notice that  this  NAO oscillation and the associated Atlantic  Multi-
decadal Oscillation (AMO) can both be retrieved over longer time periods, i.e. quite all throughout the Holocene, e.g.
Husum and Hald, 2004, in their benthic foraminifera assemblages and their corresponding δ180 reconstruction of the
Malangen fjord in northern Norway, recognize a pattern similar to the NAO during the middle and recent Holocene as
did Knudsen et al. (2011) who identified over the past 8,000 years typical AMO-type ~55- to 70-year variations, linked
to  internal  ocean-atmosphere  variability  and  established  that  “the  coupling  from  the  AMO  to  regional  climate
conditions was modulated by orbitally induced shifts in largescale ocean-atmosphere circulation”.

Therefore these weather patterns have extended long enough to be considered as climate features even if they have
been of highly variable intensity, both in time and space. They appear under control of solar variability or / and of
orbitally induced shifts in large scale ocean-atmosphere circulation. One will take due notice that over the Holocene,
changes of [CO2] played no role into these natural climate changes that demonstrated a variability superior to what we
have experienced during the modern time, i.e. since the end of LIA and for example, Luterbacher et al (2002b) conclude
“The  late  twentieth  century  NAO  extremes  are  within  the  range  of  variability  during  earlier  centuries”.  Finally,

203The Pacific Decadal Oscillation (PDO) is a pattern of Pacific climate variability similar to ENSO in character, but which varies over a
much longer time scale. The PDO can remain in the same phase for 20 to 30 years, while ENSO cycles typically only last 6 to 18
months.
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Mazzarella et al. (2011) define a time-Integrated NAO, i.e. INAO with the formula INAO(t)=INAO(t−1)+NAO (t) for each
year “t” (INAO has the dimension of a mass per a length per a time) and using this time series, establish 1) a correlation
with historical European aurora records since 1700, e.g. (Stothers, 1979; Křivský and Pejml, 1988; NOAA ftp 204), which
suggests that this ~60-year dominant climatic cycle has a solar–astronomical origin and 2) that INAO correlates very
well with the variations of the Length of the Day (LOD, i.e. The Earth's rotation speed in millisecond 205) and the Met
Office Hadley Centre Sea Surface Temperature dataset HadSST3 (Mazzarella, 2013). Mazzarella et al. (2011)  states that
“LOD is a good proxy for climatic changes under the assumption that it is the integral of the different circulations that
occur  within  the  ocean–atmosphere  system  both  along  latitude  (zonal  circulation)  and  longitude  (meridional
circulation)”. It is also worth noticing that the Medieval Warm Period known also as Medieval Climate Optimum was
caused  by  a  persistent  and  large  positive  NAO  (that  corresponds  to  high  values  of  INAO)  whereas  the  LIA  was
characterized by a weaker NAO, as stated by Trouet et al. (2009) “We present here a 947-year-long multidecadal North
Atlantic  Oscillation  (NAO)  reconstruction  and  find  a  persistent  positive  NAO  during  the  MCA.  Supplementary
reconstructions based on climate model results and proxy data indicate a clear shift to weaker NAO conditions into the
Little Ice Age (LIA)“.

Figure 67. Temperature, pressure, wind, sea ice, ocean current and precipitation changes related to a positive and negative NAO
phase (KLIMET, Grüppe fur Klimatologie/Meteorologie, Geography,  University of Bern, Switzerland). Source:  Rombaut
(2010).

Over short time-scales, Roy (2018b) also explores how explosive volcanism during later two decades of the last century
(1976–1996), i.e. El Chichón (1982) and Pinatubo (1991) can have had amplifying effects on the positive NAO phase.
This  in  turn leads to  a cascade of  inter-relations via  extra-tropical  Atmospheric  Rossby waves,  thus impacting the
Aleutian Low and which acting throughout an oceanic and atmospheric bridge has a modulating effect on central pacific
ENSO. Roy (2018b) also shows how the Indian Summer Monsoon may have also been disrupted by these events.

Interestingly, until the discoveries of Bond et al. (2001) it was assumed that the Sun was responsible for the oscillations
observed in the North Atlantic “Surface winds and surface ocean hydrography in the subpolar North Atlantic appear to
have been influence by variations in solar output through the entire Holocene” as evidenced by the correlation between
cosmogenic isotopes and IRDs. The work by Debret et al. (2007) is a breakthrough as they manage to show that the
1,500 year cycle (i.e. Bond) has an oceanic origin, while the others, i.e. 1,000 (Eddy) and 2,500 (Bray-Hallstatt) have a
solar origin. As stated by Debret et al.  (2007) “Here we show by the use of wavelets analysis that it  is possible to
distinguish  solar  forcing  of  1000-  and 2500-  year  oscillations  from oceanic  forcing  of  1500-year  cycles.  Using  this
method, the relative contribution of solar-related and ocean related climate influences can be distinguished throughout
the 10 000 yr Holocene intervals since the last ice age”. The two major drivers of the climate throughout the entire
Holocene are therefore well identified, i.e. the Sun and the oceanic circulation, here the NAO in this North Atlantic
region, the NAO being related to the THC and therefore to the Sun output as well in a coupled-system. Furthermore, as

204ftp://ftp.ngdc.noaa.gov/STP/SOLAR_DATA/AURORAE/
205https://hpiers.obspm.fr/eop-pc/earthor/ut1lod/UT1.html 
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demonstrated by Andersen et al.  (2004), the Holocene showed a very unstable climate,  its  internal variability was
superior to modern time (2,000 BC up to now) and no relationship can be established with GHG changes.

Several  authors,  e.g.  (Andersen et  al.,  2004;  Giraudeau et  al.,  2000)  confirm the presence of  a climate oscillation
throughout the Holocene that could be associated with the North Atlantic Oscillation and others like Cronin et al.
(2005) in the Eastern U.S. or Rimbu et al. (2004) through a study of surface temperatures in tropical regions and the
North  Atlantic  by  alkenones,  coupled  with  an  Ocean-Atmosphere  model,  recognized  the  signature  of  the  Arctic
Oscillation/North Atlantic Oscillation variability at the millennium scale. They assume that AO/NAO oscillation plays a
role in generating not only a trend but above all a millennial variability during the Holocene with a return period of
2500 years (Bray-Hallstatt solar cycle), period also met in various other parts of the world (Debret, 2008).

It  has been found that a positive index of  the NAO (i.e.  above-normal pressures in the Azores and below-normal
pressures towards Iceland) is associated with drier conditions over central and southern Europe, and wetter and milder
conditions over the northwest Atlantic (Scandinavia, Iceland...). On the other hand, a negative index leads to weakened
oceanic westerly currents and thus rather dry and anticyclonic conditions over northern Europe, while southern Europe
is then wetter (Figure 67). For example, when glacier budgets are above average in the Alps, they tend to be lower than
normal in Scandinavia, and conversely, when glaciers advance in Scandinavia, they retreat in the Alps (Six et al., 2001;
Guyard et al., 2013). In fact, Scandinavian glaciers are sensitive to precipitation inputs, while temperatures appear to be
predominant for the annual balance of Alpine glaciers (Six et al., 2001). Other responses to changes in the NAO include
variations in the distribution, intensity and prevalence of storms, ice volume and Iceberg fluxes. Multivariate linear
regression was used by Hurrell (1996) to show that “nearly all of the cooling in the northwest Atlantic and the warming
across Europe and downstream over Eurasia since the mid-1970s results from the changes in the NAO, and the NAO
accounts for 31% of the hemispheric inter-annual variance over the past 60 winters”.

Figure 68. North–south vertical cross section of ocean temperature with depth in the Atlantic Ocean, showing its huge heat storage
capacity given the very high specific heat capacity of water206 and that most of the ocean (95%) is below 5°C. Source:
Spencer (2016).

Furthermore, Rohling et al. (2002) demonstrate that the AO / NAO effect is felt far away from where it originates and
record its imprint down into the Aegean Sea, through the SST in the area “A direct atmospheric link is revealed between
Aegean sea surface temperature (SST) and high-latitude climate. The major Holocene events in our proxies of Aegean
SST and winter/spring intensity of the Siberian High (GISP2 K+ record) follow an ~2300 year spacing, recognized also in
the Δ14C record and in worldwide Holocene glacier advance phases, suggesting a solar modulation of climate. We argue
that the primary atmospheric response involved decadal-centennial fluctuations in the meridional pressure gradient,
driving Aegean SST events via changes in the strength, duration, and/or frequency of northerly polar/continental air
outbreaks over the basin”.

The oceans are in inverted thermal situations, with the warm water lying at the surface (Figure 68) and therefore hardly
mixing  naturally with the cold deep waters. But, as we have just seen, e.g. with ENSO and NOA, by means of these
oscillations vertical mixing still occurs and enables to cool the surface and warm the deep ocean. Given the overall low
temperature of the oceans, their huge volume and the high specific heat capacity of water, they simply represent the

206Water has the highest specific heat capacity of any liquid and has to absorb 4,184 Joules of heat (i.e. energy) for the temperature
of one kilogram of water to increase 1°C
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main bulk of storage of energy over long time-scales. Therefore, the oceans are a direct source of strong natural climate
change, and as the rate of mixing keeps changing in a rather chaotic manner due to the stochastic nature of the ocean-
atmosphere interactions as hinted to before (Frankignoul and Hasselmann, 1977), any change in the rate of exchange
between warm surface waters and cold deep waters can cause global warming or cooling as planetary waves will create
teleconnections propagating the changes far from where they originated. These changes can occur over a period of
decades of centuries (i.e. multi-decadal oscillations like AMO), so any small changes in the rate of overturning can cause
the climate to change over long periods of time.

Ellsaesser (1984) was very conscious of the essential role played by the oceans when he stated long ago “ current eager
acceptance of oceanic thermal lag as the “explanation” as to why CO2 warming remains undetected, reemphasizes that
the atmosphere cannot warm until the oceans do. The logical implication follows that most current climate models are
lacking in relevance; they have not been constructed with ocean surface temperature as the fundamental variable.
When  the  problem  is  attacked  from  this  view,  sensitivity  to  CO2 is  significantly  reduced;  a  position  also  strongly
supported by the available palaeoclimatic data”. It is unfortunate that the objective followed by many seems to be
providing a biased support to the high sensitivity promoted by IPCC and not to account for what Mother Nature does,
e.g. negative feedback at the TOA resulting from the drying of the high troposphere but leading to a stronger radiative
emission at a lower (altimetric level) of water vapor finely tuning the Earth's OLR, or better accounting for the massive
hysteresis provided by the oceans and their circulation, etc.

Therefore, summing it  up, exactly as the ENSO had a major regional impact with teleconnections way beyond the
Pacific area, and the PDO led to clear weather patterns over north America (down to Mexico and up to Canada), AO and
NAO / AMO served as a structuring circulation mechanism in the Atlantic and beyond and influenced major climate
patterns and changes that all paleo-climate specialists and reference papers trace back throughout the entire Holocene
to solar variability and specially the 976 yr ±53 Eddy cycle but even more importantly the 2,310 yr ±300 Bray-Hallstatt
cycle in a coupled ocean-atmosphere system. Holocene climate variability was way beyond what has been observed
during the modern period,  and had no relationship  whatsoever  to  any GHGs changes and particularly  not  to CO 2

concentrations207.  But this was before it  became beyond any understandable reason apparently necessary to have
recourse to a “0.007% deus ex machina” useless invention, to account for what had been perfectly explained so far
during 11,700 years by whimsical Nature and its tricks. Climate (activism) has its political reasons and benefits that must
go well  beyond the simple search of the scientific truth, but this will  be addressed into the “rogue and dystopian
policies” section later.

Figure 69. Earth rotation and sea surface temperature anticorrelation. Continuous line, detrended yearly values of ∆LOD with a 5-
year running mean smoothing, shifted ahead 4 years. Dotted line, detrended yearly values of Northern Hemisphere SST,
from HadSST3 with a 5-year running mean smoothing. Source: Mazzarella (2013).

The quasi-biennial oscillation (QBO) is a most remarkable atmospheric phenomenon and a major determinant, with
ENSO and other oceanic circulation features (e.g. THC) of seasonal and inter-annual weather variability.

“In the equatorial stratosphere, strong zonal winds circle the Earth. They originate at an altitude of 10 hPa (~ 35 km)
and migrate downward at ~ 1 km/month until they dissipate at the base of the stratosphere at 80 hPa (~ 20 km). As the
new zonal wind belt originates to replace the downward migrating previous one, it moves in an opposite direction,

207https://en.wikipedia.org/wiki/Abrupt_climate_change 
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alternating easterly and westerly winds (Baldwin et al., 2001; figure 95). The QBO is usually defined at 30 hPa, where
winds in one direction will start and increase in strength, and then decline and be replaced by winds moving in the
opposite direction. The easterly and westerly phases of the QBO alternate every 22-34 months with an average of 28
months, but the periodicity is tuned to the yearly cycle, so the phase reversal occurs preferentially during the Northern
Hemisphere late spring. The signature of the QBO in angular momentum, rather than having only a single spectral
frequency peak at ~ 28 months, includes two additional spectral peaks at the annual frequency plus or minus the QBO
frequency. In a breakthrough at the time, Lindzen and Holton (1968) proposed, and it was later demonstrated, that
convection-originated vertically-propagated gravity waves provided the necessary wave forcing (momentum) for the
QBO generation and maintenance (figure 95)” in: Climate change mechanisms, (Javier, 2018a).

The quasi-biennial oscillation leads to the reversal of the zonal winds in the tropical stratosphere, while the 3-4-year
component  matches  the  ENSO signal  and  during  periods  of  El  Niño,  the tropospheric  zonal  winds  have  westerly
anomalies.  “At the peak  of  the westerly  anomaly  period,  the globally  integrated AAM is  notably strong,  driving a
slowing of the Earth’s rotation. During the 2015-16 winter season, El Niño produced a LOD excursion reaching 0.81 ms
in January 2016” (Javier, 2018a).

Lambeck and Cazenave (1976, 1977) reported on the similarity between the trends of numerous climate indexes for the
past two centuries and changes in ∆LOD, in particular surface temperature and pressure, were related to wind strength.
They concluded that periods of increasing zonal winds and global-surface warming correlate with an acceleration of the
Earth which is  quite normal given the orientation of the geostrophic circulation while periods of  decreasing zonal
circulation correlate with a deceleration of the Earth. They found a lag of 5-10 years in the climatic indexes. Their result
has been reproduced multiple times, and an example is shown with SST and ∆LOD (Figure 69; Mazzarella, 2013) as per
Javier (2018a).

The close correlation between SST and the Atmospheric Angular Momentum (AAM) and LOD has been known for a long
time. The correlation is explained as due to ocean-atmospheric coupling where upwelling and down-welling depend on
wind strength, and atmospheric pressure correlates with SST. Salstein (2015), one of the foremost experts in AAM,
explains  that  the  atmosphere  has  been  simulated  by  a  large  number  of  models  that  are  driven  solely  by  the
temperature of the underlying ocean surface. Based on these models, AAM has been calculated since the late 19th
century from available SST data, and checked against LOD estimations based on lunar occultation measurements.

Probably the first great presentation of the large scale oceanic circulation was provided by Broecker (1991) under the
term of “The Great Ocean Conveyor”. This naming was progressively replaced by the Thermohaline circulation208 (THC)
or by the Meridional Overturning Circulation (MOC) or AMOC when referring specifically to the Atlantic. The term MOC
is more accurate as it does not separate the part of the circulation driven by temperature and salinity alone from other
factors such as the wind and tidal forces and refers to the large-scale ocean circulation that is driven by global density
gradients created by surface heat and freshwater fluxes, given that in the deep ocean, the predominant driving force is
differences  in  density,  caused  by  salinity  and  temperature  variations  (e.g.  increasing  salinity  and  lowering  the
temperature of a fluid both increase its density). A more recent presentation is provided by Rahmstorf (2006). It has
long been surmised that oceanic circulation was one of the major drivers of climate, assessing the residence time of the
water to determine the overturning rate and the density drivers such as temperature and salinity changes have been
major challenges for a long time.

Knowing the residence time can be done either by deriving it from a combination of current-meter measurements and
geostrophic flow calculations as physical oceanographers do, or by resorting to the decay of some radionuclide, e.g.
radiocarbon measurements  on samples of deep water.  The mean residence time can be obtained by dividing the
volume of water contained in the deep Atlantic by the radio-carbon-based estimate of the flux for the North Atlantic
Deep Water (NADW) into the deep Atlantic, further corrected for the impact of temporal changes in the 14C/12C ratio for
atmospheric CO2, and of the contribution of the Antarctic Bottom Water (AABW) the only competitor to NADW for
space in the deep Atlantic.

Broecker (1991) stated “The major obstacle to calculation from radiocarbon measurements of residence times for water
in the deep Atlantic is the determination of the initial 14C/12C ratio for each parcel. The reason is that all waters in the
deep Atlantic are mixtures of northern component water with a comparatively high 14C/12C ratio (∆I4C = -68‰) and of
southern component water with a comparatively low 14C/12C ratio (∆I4C= -158‰). Because of the large difference in the

208https://en.wikipedia.org/wiki/Thermohaline_circulation  provides a quick introduction.
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∆I4C  values  for  these  end  members,  much  of  the  variation  in  14C/12C  ratio  within  the  deep  Atlantic  is  created  by
differences in the end-member blend”.

Given this blend between end-members of the deep Atlantic waters, one can deduce from the radiocarbon deficiency
for the entire deep Atlantic which averages ~22‰ that it corresponds to a residence time of about 180 years. As the
volume of the deep Atlantic reservoir is estimated to 1.55 X 10 17 m3 (i.e., 2,500 m mean thickness with an area of 6.2 ×
1013 m2), to achieve this residence time requires a ventilation flux of 8.6 X 1014 m3/y or 27 Sv (with 1 Sverdrup = 106

m3/sec) and as the flux of AABW is ~4 Sv, the flux of NADW is estimated to be 23 Sv (Broecker, 1991). These are huge
values, indeed.

In the 1990s authors like Broecker (1991) were very conscious of the major role played by the oceanic circulation but
were also aware that is was just one important component of the Earth's climatic system which also involved obviously
the atmospheric circulation with Hadley cells having an influence on cloudiness and atmospheric water-vapor content.
They knew that some other mechanisms had to be involved to explain for a transition out of an ice age, and this will be
addressed in the next section dealing with “Antarctica and Arctic”.

Figure 70 give a schematic description of the THC circulation: the red curves in the Atlantic indicate the northward flow
of water in the upper layers, in this process heat is released to the atmosphere. The filled orange circles in the Nordic
and Labrador Seas indicate regions where near-surface water cools and becomes denser, causing the water to sink to
deeper layers of the Atlantic, this process is referred to as “deep water formation.”. The light blue curve denotes the
southward flow of cold water at depth. At the southern end of the Atlantic, the AMOC connects with the Antarctic
Circumpolar Current (ACC). Deep water formation sites in the high latitudes of the Southern Ocean are also indicated
with  filled  orange  circles.  These  contribute  to  the  production  of  Antarctic  Bottom  Water  (AABW),  which  flows
northward near the bottom of the Atlantic (indicated by dark blue lines in the Atlantic). The circles with interior dots
indicate regions where water up-wells from deeper layers to the upper ocean, after: (Kuhlbrodt et al., 2007).

Figure 70. Schematic of the ocean circulation associated with the global Meridional Overturning Circulation (MOC), with special
focus on the Atlantic section of the flow (AMOC), in the Atlantic, warm and saline waters flow northward all the way from
the Southern Ocean into the Labrador and Nordic Seas. By contrast, there is no deep-water formation in the North Pacific,
and its surface waters are fresher. Deep waters formed in the Southern Ocean become denser and thus spread in deeper
levels than those from the North Atlantic. Note the small, localized deep-water formation areas in comparison with the
widespread zones of  mixing-driven upwelling.  Wind-driven upwelling occurs  along the Antarctic  Circumpolar  Current
(ACC). After Kuhlbrodt et al. (2007).

What  has been noticeable  is  that  studies  by Broecker  (1991)  and many subsequent  authors  have overlooked the
fundamental role played by the southern oceans, probably given the NH focus of the researchers due to their own
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geographical  location,  e.g.  Broecker worked for the Geological  Observatory of  Columbia University (NY),  but more
recently  new studies  have  shown  the  central  role  played  by  the  southern  oceans  into  the  circulation  and  heat
distribution across the planet by focusing onto the return path from the cold waters up to the surface, largely driven by
winds. The distribution of the oceans is very uneven across the globe and the southern hemisphere is displaying a much
broader ensemble of oceans, all interacting and control a large part of the circulation of these immense reservoirs and
the way they communicate with the surface, including the heat release and degassing. Furthermore, in contrast to the
northern Atlantic  where wind driven upwelling is confined to the upper ocean, surface winds in the Southern Ocean
drive upwelling of deep water and a special sub-marine topography, devoid of meridional topographic barriers down to
a  depth  of  about  2,500  m,  enable  the  routing  of  currents  along  an  oceanic  band  that  circles  the  Earth  without
encountering any obstacle (Kuhlbrodt et al., 2007).
Given  the  immensity  of  the  oceanic  volumes  and  the  enormity  of  the  heat  storage  capacity,  the  oceans  also
representing the major reservoir of mobile CO2, one can easily understand that the oceanic circulation associated to the
previous oscillations (e.g.  ENSO,  PDO,  NAO,  etc.)  that  were described represent  a  major  component  of  the Earth
climatic system, and its study has led to numerous speculations.

Figure 71. Large surfaces of equal density represented by rising yellow–red arrows widely circulate over the main ocean basins and
the upwelling around Antarctica is mainly due to the action of  wind and eddy processes. In the northern Atlantic basin,
warm water initially traveling broadly towards the East is cooled in the subpolar gyre and eventually becomes dense
enough  to  sink  under  the  thermocline  in  the  polar  seas  and  Labrador  Sea  convection  regions,  with  blue  arrows
representing the down-welling of dense water flowing southwards in the deep branch of the South Atlantic current (green
arrow), before joining the ACC system. After Marshall and Speer (2012).

It is especially noteworthy that many authors have conjectured the response of such a vast thermodynamical system to
minor disturbances such as for example, increasing CO2 scenarios., and have projected a weakening, at least of the
northern branch of the AMOC, by means, again, of simulations resorting to general circulation models of the coupled
ocean–atmosphere system. The significance of such a possibility should certainly not be too much overrated as Clark et
al. (2002) report “But it remains difficult  to assess the likelihood of future changes in the thermohaline circulation,
mainly owing to poorly constrained model parameterizations and uncertainties in the response of the climate system to
greenhouse warming”, and Rahmstorf (2006) adds “Model simulations – even those that lead to a complete shutdown
in future – find that the influence of anthropogenic warming on the THC until today should be smaller than the natural
variability. Therefore, any variations observed to this date are likely related to natural oscillations”. This is common
sense given the minuscule energetic contribution that an increase of CO2 can provide as compared to the enormous
amount of heat carried over by the oceanic circulation, an active and highly nonlinear component of the climatic system
which furthermore shows an hysteresis of sort of 200 years, given the residence time unveiled by Broecker (1991).

Furthermore, most if not all authors have acknowledged that previous massive climate change which occurred in the
not to distant past, say back to the Eemian, originated in circulation changes and  Rahmstorf (2002) states “ Increasingly
clear evidence implicates ocean circulation in abrupt and dramatic climate shifts, such as sudden temperature changes
in Greenland on the order of 5–10 °C and massive surges of icebergs into the North Atlantic Ocean — events that have
occurred repeatedly during the last glacial cycle”. In fact, Arctic has always appeared more sensitive to warming than
Antarctica  and  the  influx  of  freshwater  from  the  melting  of  the  Greenland  ice-sheets,  including  changes  in  the
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hydrological cycle, have contributed to modifying the THC, and for example to the advent of Heinrich events (Figure 38)
over the last 70,000 years of the order of ~0.1 Sv [Sverdrup (Sv):1 Sv approx 10 6m3s-1 ], this is what a continuous melting
of the Greenland ice-sheets for 1,000 would lead to. This also shows, that even though Arctic has seen its ice sheet
receding, the situation is far from exceeding normal climate variability as demonstrated by the abrupt changes that
occurred naturally, e.g. since the Eemian.

The melting of the Greenland ice-sheets, which is in no way certain though it could happen for perfectly natural reasons
as we've seen it happen many times in the past, and exaggerated outcomes going as far as a radical southward shift of
the Inter-Tropical Convergence Zone (ITCZ) and a disruption to the monsoons are regularly waged by scare mongers,
and in that vein a study by Zickfeld et al. (2007) presented the results from detailed interviews with 12 leading climate
scientists  about  the  possible  effects  of  global  climate  change  on  the  Atlantic  Meridional  Overturning  Circulation
(AMOC),  though the authors in a bout of honesty stated that “Many processes and factors deemed important are
assessed as poorly known and insufficiently represented in state-of-the-art climate models”. But did not deprive the so-
called  experts  to  forecast  that  “Elicited  consequences  of  AMOC reduction  include  strong  changes  in  temperature,
precipitation distribution and sea level in the North Atlantic area”. One will tend to think that if all experts agree, the
opposite  has  a strong chance to happen as  Tetlock (2017)  wrote  an  excellent  book about  why experts  in  various
domains are so often consistently wrong at making forecasts.

But, if experts somehow agree to some degree about the fateful consequences of a supposedly reduction of the AMOC,
the reader will  feel  reassured that the models disagree between each others, as  the degree of weakening varies
considerably among them. For example, Cheng et al. (2013) report “Under the Representative Concentration Pathway
4.5 (RCP4.5) scenario, the weakening by year 2100 is 5%–40% of the individual model’s historical mean state; under
RCP8.5, the weakening increases to 15%–60% over the same period”, and one will wonder what a (15%-60%) range of
estimate can entail in terms of reliability; might be very little indeed.

One positive  thing  though,  it  seems that  the “models”,  here  ten of  the Coupled  Model  Inter-comparison Project
(CMIP5), have finally come to terms that the Sun could play a role, well a major one, and they finally display a 60 yr
cycle, which they call that a multidecadal variability, and that this would even be related to net surface shortwave
radiative flux, i.e. solar irradiance. Cheng et al. (2013) say “Additionally, the multimodel ensemble-mean AMOC exhibits
multidecadal  variability  with a  ~60-yr periodicity  and ...  this  multidecadal  variability is significantly correlated with
similar variations in the net surface shortwave radiative flux in the North Atlantic and with surface freshwater flux
variations in the subpolar latitudes”. So the good news is that the “models” start to integrate something else than the
naive equation “a bit more CO2 = A LOT warmer”.

Would the reader want to know how much the models diverge, Jungclaus et al. (2006) will be a good start, and show
that as a reaction to a freshwater addition of 0.1 Sv, models led to an AMOC reduction by 10% to 60% (Stouffer et al.,
2006), appreciate the small error interval, while in a transient global warming experiment, Fichefet et al. (2003) found a
strong and abrupt weakening of the AMOC at the end of the 21st century and whereas in stark contrast, Ridley et al.
(2005) analyzed a climate with four times the pre-industrial CO2 level and found relatively minor changes in the THC.
Furthermore,  as  not  all  of  the  models  include the possible  negative  consequences  of  melt  water  induced AMOC
weakening  and  North  Atlantic  cooling  which  would  reduce  Greenland  melting  and  contribute  to  stopping  the
production of freshwater, the projections can only be extremely speculative, perhaps only guesstimates. Certainly more
realistically, Jungclaus et al. (2006) do not anticipate any major trouble would the influx of freshwater from Greenland
accelerate and state “The impact of the additional fresh water is limited to further enhancing the static stability in the
Irminger  and Labrador  Seas,  whereas  the  backbone  of  the  overturning  is  maintained by  the  overflows  across  the
Greenland-Scotland Ridge. Our results suggest that abrupt climate change initiated by GIS melting is not a realistic
scenario for the 21st century”.

In terms of assessing the natural variability that can be expected from changes occurring to the oceanic circulation, the
analysis of sediment cores and corals provides a wealth of information on past ocean circulation and shows that it has
undergone major changes during the past 120,000 years (Rahmstorf,  2002) and states “ Increasingly clear evidence
implicates ocean circulation in abrupt and dramatic climate shifts, such as sudden temperature changes in Greenland on
the order  of  5–10 °C and massive  surges  of  icebergs  into the  North  Atlantic  Ocean — events  that  have occurred
repeatedly during the last glacial cycle”. In that respect, Sarnthein et al. (1994) have showed that over time and during
the alternation of glacial and inter-glacial eras, in the Atlantic, three distinct circulation modes have existed, they have
been labeled the stadial mode, interstadial mode, and Heinrich mode. In the interstadial mode, North Atlantic Deep
Water formed in the Nordic Seas, in the stadial mode it formed in the subpolar open North Atlantic (i.e.,  south of
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Iceland) and finally in the Heinrich mode, NADW formation all but ceased, and waters of Antarctic origin filled the deep
Atlantic basin.

None of these changes required anything else to happen than the normal natural variability resulting on the one hand
from cyclical and regular phenomenons that can be well assessed (orbitally-driven changes) or much less known and
anticipated as solar variability and on the other of the rather chaotic response of a highly complex and non linear
climatic system to these initial triggers.

Where is CO2? Cannot see it!
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“Temperature measurements in the arctic suggest that it was just as warm there in the 1930's...before most greenhouse
gas emissions. Don't you ever wonder whether sea ice concentrations back then were low, too?” Roy Spencer

As was detailed in the “Past Climates” section of this document and the corresponding sub-sections “The last 2,000
years” and “The last 12,000 years, brief overview of the Holocene”, glaciers offer a fast response to any climate change.
Trutat's (1876) striking observations, made long before man-made emissions, were reported several times and they
were not isolated (Nussbaumer et al., 2011; Fig. 4 and 5), this is why glaciers have often been an easy prey to the scare
mongering tactics of climate fabricators, as they have been generally receding since the end of the LIA (Akasofu, 2011).
In fact, one can regularly see such reports in mass media come to the cover or front-page of newspapers or magazines
to create sort of a Pavlovian response of the conditioned masses, where the gullible and easy to influence people,
because they lack the time, will or the wherewithals to reach an informed opinion, get an imprint in their mind that
there is no arguing, worse no denying (with an implicit creepy hidden allusion to the holocaust), things are written, the
mass is said, man-made global warming is irrefutable, glaciers will disappear.

The inconvenient reality is that even this easy gamble, yes they melt, has often been lost by the manipulators. It was
already reported how the managers of Glacier National Park, a large wilderness area in Montana's Rocky Mountains,
have had to remove signs stating that «glaciers will be gone by 2020» as nature did not want to cooperate with their
dire  predictions.  This  was  not  the  first  time  that  glaciers  had  been  devious  and  contradicted  lightly  formulated
forecasts.  The leak of the Climatic Research Unit's (CRU) “Climategate209” emails from the University of East Anglia
(UEA), as if not embarrassing enough, coincided with the exposure of some blatant errors in the IPCC AR4 report (IPCC,
2007a),  most  notably a claim that  Himalayan glaciers would disappear by 2035, an affirmation that turned out to
completely lack of any scientific basis, e.g. (Bagla, 2009), (Cogley, 2011) and led to a contorted apology of the Chair and
Vice-Chairs of the IPCC, and the Co-Chairs of the IPCC Working Groups (IPCC, 2010). Senior glaciologist Vijay Kumar
Raina, formerly of the Geological Survey of India, had to deny the unsubstantiated claims by IPCC by dismissing that
measurements made of a handful of glaciers would be representative of the fate of India's 10,000 or so Himalayan
glaciers and that they would be shrinking rapidly in response to climate change (Raina, 2009). The document, i.e. a
“Discussion Paper, Ministry of Environment and Forests” is not available any longer on its original web site (electronic
form of book burning?) but the Heartland Institute archives it. In it, Raina (2009) states “Glaciers in the Himalayas, over
a period of the last 100 years, behave in contrasting ways...  It is premature to make a statement that glaciers in the
Himalayas are retreating abnormally because of the global warming.  A glacier is affected by a range of physical
features and a complex interplay of climatic factors. It is therefore unlikely that the snout movement of any glacier can
be claimed to be a result of periodic climate variation until many centuries of observations become available. While
glacier movements are primarily due to climate and snowfall, snout movements appear to be peculiar to each particular
glacier” and in fact they “cooperate” so little that “one side of a glacier tongue may be advancing while the other is
stagnant or even retreating” Raina (2009). Vijay Kumar Raina's is now former or ex- of all the positions he occupied and
is  identified  as  the  author210 of  a  controversial  discussion  paper  and  tagged  by  desmog as  a  member  of  climate
resistance211,  an  honor;  imagine  he  had  the  gall  to  state  “Climate  changes  naturally  all  the  time,  sometimes
dramatically. The hypothesis that our emissions of CO2 have caused, or will cause, dangerous warming is not supported
by the evidence”. Well, getting rid of him will not make Himalayan glacier melt faster, but many will probably have
rejoiced of that nice catch.

IPCC acknowledged of the mistake in a statement dated 20 th Jan 2010 where they stated “It has, however, recently
come to our attention that a paragraph in the 938-page Working Group II contribution to the underlying assessment
refers to poorly substantiated estimates of rate of  recession and date for the disappearance of Himalayan glaciers”
(IPCC, 2010). it's so awkward on the part of the IPCC to make use of an unsubstantiated WWF interview when then
keep claiming that they only resort to peer-reviewed literature, which is no wonder as they control throughout their
vast network of lead authors and affiliated scientists all the gates of official publications in their related domain, which
is in itself a problem often stressed by dissident scientists who have been marginalized for not conforming with the
dogma.

209https://www.conservapedia.com/index.php?title=Climategate 
210https://en.wikipedia.org/wiki/Vijay_Kumar_Raina 
211https://www.desmogblog.com/vijay-kumar-raina 
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In fact Raina (2013), given his extensive knowledge over decades of Himalayan glaciers, is even more cautious than the
position that we could have defended. He does not even observe a rapid response of glacier to changing climate and
says “So far as observation of the glaciers, for more than five decades now, allows a judgment, I have no hesitation in
making a statement that a glacier does not necessarily respond to the immediate climatic changes. Data presented
reveals the fact that the glacier snout fluctuation is not influenced by one single parameter but by a combination of
parameters. Physiographic character of the accumulation zone and valley slope probably has more dominant role than
the annual precipitation and the atmospheric temperature per se” (Raina, 2013). 

Denying the evidence that glaciers had been melting long before any anthropogenic emission since the end of LIA, will
not help either hiding that Hannibal's crossing with his elephants of the Alps during the Second Punic War, 218 BC was
only possible because there was no glacier on his path nor of ice at the time, at the end of October. Controversy over
the alpine route taken by the Hannibal's Army from the Rhône Basin into Italy in 218 BC (2,170 cal BP) has raged for
over two millennia, but recently Mahaney et al. (2018) brought it to an end by confirming what Polybius 212 wrote, i.e.
that Hannibal had crossed the highest of the Alpine passes: Col de la Traversette (2,947 meters!) between the upper
Guil valley and the upper Po river is indeed the highest pass.  It was the end of October, troops had been marching for
over five months, when Hannibal ordered the descent to Italy and snowy weather was to welcome them. Furthermore,
“Hannibal's Numidian cavalry carried on working on the road, taking three more days to fix it sufficiently to allow the
elephants  to cross  to the  plain” and three days  later,  the elephants  –  not  exactly  a  high  mountain  animal  –  had
managed in 218 BC to cross in autumn the highest pass of the Alps. This is of course a testimony of how much warmer
conditions in 218 BC were than those encountered now-days even after two centuries of natural warming following the
end of LIA, but it is probably far from the very warm conditions met there 7,000 BP as Joerin et al. (2006), standing in
front of the Tschierva Glacier in Engadin, Switzerland at 2,200 meters (7,217 feet) reminds that 7,000 years ago they
were no glacier at all "Back then we would have been standing in the middle of a forest".

The climate has kept changing a lot, with or without our ridiculous anthropogenic emissions, and for the time being,
even the easiest  wager  of  the climate fabricators  is  regularly  lost.  Even the Alaskan glaciers  do not cooperate as
expected and as reported by Berthier et al. (2010) previous studies have largely overestimated mass loss from Alaskan
glaciers over the past 40-plus years. As reminded by Spencer (2007) glacier obviously do react to temperature changes
but more importantly to precipitation changes “Similar points can be made about receding glaciers. Glaciers respond to
a variety of  influences,  especially  precipitation.  Only a handful  of  the thousands of  the world’s  glaciers have been
measured for decades,  let alone for centuries.  Some of  the glaciers that  are receding are uncovering tree stumps,
indicating previous times when natural climate fluctuations were responsible for a restricted extent of the ice fields”,
and as an anecdotal  evidence,  the reader will  remember the trunks revealed by the receding Tschierva Glacier  in
Engadin by Joerin et al. (2006).

An emblematic example of a glacier receding due to various factors, especially a loss of precipitation, and certainly not
because of the nefarious action of CO2 is the case of the Kilimanjaro (Tanzania). As reported by Hardy (2011), the first
report by a European of the existence of an ice cap atop Kilimanjaro was made by Johannes Rebmann in 1848 and was
dismissed for more than a decade and it took the ascension of Hans Meyer who climbed nearly to the crater rim in
1887, and managed to reach the summit 2 years later on 6 October 1889 (Meyer, 1891) to definitely confirm the
curiosity which has kept drawing scientific attention ever since, e.g. (Young and Hastenrath, 1987). But, Kilimanjaro was
unwillingly quickly employed to symbolize the impacts of global warming, and Greenpeace  (2001) never missing an
occasion to resort to the scare tactic issued a press release forecasting that the Furtwängler glacier atop Kilimanjaro
would be gone by 2015 and Joris Thijssen, the great specialist not of the physics of the atmosphere or other scientific
discipline but organized deception and climate scare, stated lambasting evil nations protecting their greenhouse gas
polluting industries while negotiating the Kyoto protocol “But this is the price we pay if climate change is allowed to go
unchecked – here in Africa we will not only lose glaciers, but will face more extreme droughts and floods, widespread
agriculture loses, and increased infectious diseases, all of which are felt hardest by people in developing nations”. Same
hogwash repeated at nauseam, blame the rich nations that will make suffer the poor with their feckless emissions, and
they will have to face the creepy outcomes of their misdeeds, even including the spread of infectious diseases! To make
the story whole, Joris Thijssen added “Businesses and governments must realise that unless coal, oil and gas, which
produce the bulk of global greenhouse emissions, are rapidly phased out and replaced with renewable energy sources,
we are going to see more and more devastation, and face higher and higher costs of attempting to keep up with an
unpredictably changing world”, so mankind need to reverse centuries of progress made by hardworking engineers,

212https://en.wikipedia.org/wiki/Polybius 
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scientists and people who supported them in their findings and developments to return to the cave for the lunacies of
some illuminated eco-crooks.

Of course, we are in 2020, the glacier is still atop Kilimanjaro though melting as it has ever been doing since the end of
LIA and its discovery in 1848, as by the time the 19 th century explorers reached Kilimanjaro’s summit, vertical walls had
already developed, setting in motion the loss processes that have continued to this day. But the Greenpeace (2001)
press release has since disappeared from their website, in testimony to their enlightened forecast and honesty. In the
meantime,  scientists  have  acknowledged  that  Kilimanjaro’s  summit  climate  has  been  impacted  by  large  scale
atmospheric circulation changes, with strong evidence that there is an association between the Indian ocean surface
temperatures  and  the  atmospheric  circulation  and  precipitation  patterns  that  either  feed  or  starve  the  ice  of
Kilimanjaro and that “... loss of ice on Mount Kilimanjaro cannot be used as proof of global warming” (Mote and Kaser,
2007), p. 325, who have probably been berated for such boldness and for adding “The observations described above
point  to  a  combination  of  factors  other  than  warming  air—chiefly  a  drying  of  the  surrounding  air  that  reduced
accumulation  and  increased  ablation—as  responsible  for  the  decline  of  the  ice  on  Kilimanjaro  since  the  first
observations in the 1880s. The mass balance is dominated by sublimation, which requires much more energy per unit
mass than melting; this energy is supplied by solar radiation.  These processes are fairly insensitive to temperature and
hence to global warming” (Mote and Kaser, 2007), p. 325.

Kilimanjaro's glacier will very probably disappear but so far it does not want to cooperate much with the CO2 hogwash
story, because as soon as the atmospheric circulation changes (westerlies, from 270° ±30°, represent only ~5% of hourly
means), it snows a lot and Hardy (2018) reported the greatest snowfall on Kilimanjaro glaciers in years (Figure 72).

Figure 72. The Kilimanjaro on March 30, 2018 does not want to cooperate with the anthropic global warming narrative and due to
some atmospheric circulation change (westerlies) benefit of the greatest snowfall  in years. This anecdotal glacier will
keep receding as it has done since its discovery in 1848 and will probably disappear but for other reasons than evil man-
made emissions. Source: (Hardy, 2018).

Hogwash I said, in fact not just as we also see deception and scare tactics in action or dumbness and ideology, who
knows? Perhaps both!

Before we continue our journey to the Arctic and Antarctica it is worthwhile to spend some time on the way ice-cores
are being collected and extracted. In that respect, Jaworowski until his death has been claiming that the way the ice-
core were interpreted raised a number of questions (Jaworowski et al, 1992a-b; Jaworowski, 1994, 2003, 2007, 2009). It
seems that  these  questions  could  have  been  addressed  and  a  common understanding  could  perhaps  have  been
reached and progress made. But, instead of that and it is sad, leading researchers like Stefan Rahmstorf (2004) in a
Munich Re funded paper, had nothing to oppose the perfectly valid reservations issued by Jaworowski (2003) than the
ad-hominem attack that he was a self-appointed climate researcher (he knew far more about ice-core than Rahmstorf
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will ever213), that his paper was for the laypersons214 and that the journal in which the paper was published belonged to
the organization of an American multimillionaire and conspiracy theorist Lyndon LaRouche. What a shame, if I were to
dismiss the scientific opinion of Stefan Rahmstorf, and that would be a pleasure doing so, given the weakness of the
argumentation he puts forward into his laypersons flyer ordered by a large insurance group, full of affirmations and
devoid of proofs, I would not mention first (though I must do it now) that in 1999, he received from an organization
representing the legacy of an American multimillionaire industrialist  a US$-1m fellowship award from the James S.
McDonnell Foundation https://www.jsmf.org/ (isn't there kind of a mental conflict in accepting such a grant when one
wants  to  de-industrialize  and  decabonize  the  planet?).  One  could  expect  from  these  system-appointed  climate
researchers that they would address the problems faced, for example by the ice-core methodologies used and the
distortions they induce, which have been courageously and repeatedly underlined by Jarowosky (Jaworowski  et al,
1992a-b; Jaworowski, 1994, 2003, 2007, 2009) instead of using ad-hominem attacks, disparagement, ending arguing
about the data on a graphic presenting a relationship between cloudiness and cosmic-rays that seems to bring him
much frustration. Rahmstorf (2004) rejoices that “Given that the warming is now evident even to laypeople, the trend
sceptics are a gradually vanishing breed” forgetting two important things: 1) that neither the UAH data nor the NOAA
STT show any warming going further than the natural variability observed throughout the Holocene (appreciate the
recourse to the laypersons when supposedly useful whereas he was full of contempt when Jaworowski wrote seemingly
for them) and 2) that even though all skeptics might disappear, this is not what will ultimately prove him right and make
his scientific legacy destined for a better fate than the dust bin, if he happens to be wrong, what I am sure of. It is
unfortunate that Rahmstorf's work did not convince him of how much more the oceans drive the climate, he is a
recognized international expert in the domain, than the 0.007% increase of the devil trace gas. Furthermore, Rahmstorf
makes as if  he would ignore the fact that the reason why the skeptics are disappearing is because of the massive
brainwashing and subliminal harassment made by the media and governments, the same that publish and pay him and
not because of his overwhelming science. You will notice that I have the highest consideration and respect for Zbigniew
Jaworowski215, who had - as a self-appointed multi-disciplinary expert - a very wide knowledge and understanding of all
what contributes to making the climate of this planet what it is, whereas I am very wary of narrow views by those
appointed to know better than everybody what's good for mankind and each of us.

How funny to read Wikipedia “However, Jaworowski's views are rejected by the scientific community [citation needed]”
whereas the “scientific community” is embarrassed enough by Jaworowski's criticisms to have preferred to ignore him
and wait  for  his  death,  so  obviously  on July  2020 the citation is  more than needed as  there  are  none available.
Jaworowski commands the greatest admiration for having written clear and challenging papers until his death in 2011
at 84 years old. Then we can read that “Increases in CO2 and CH4 concentrations in the Vostok core are similar for the
last two glacial-interglacial transitions, even though only the most recent transition is located in the brittle zone. Such
evidence argues that the atmospheric trace-gas signal is not strongly affected by the presence of the brittle zone.[4]”.
The Wikipedia team of authors claim that Jaworowski's concerns would deal with a so-called “brittle zone” and that
Jaworowski's arguments could be dismissed on the basis that the consistent GHG records would appear for the Eemian
and the Holocene and quote to support their claims .[4] the referenced paper being that of (Raynaud et al., 1994). One
will observe that referring to comparisons with the Eemian is highly speculative as, for example, the stratigraphic part
of the West Antarctic Ice Sheet Divide Ice CoreCore216 (WAISDIC, 2020) stopped at 31 kyr (the part which is not based
on a model, whatever it is, but on the physical counting of layers), therefore far from the Eemian and the brittle zone
problems are well acknowledged and documented by Souney et al. (2014), p. 20. Therefore, dismissing Jaworowski's
claims by asserting that “the atmospheric trace-gas signal is not strongly affected by the presence of the brittle zone“  is
simply a deception and one does not need to go further than the extreme precautions taken by the WAISDIC team
(Souney, et al., 2014) to handle the ice cores as of the entire 3,405 meters long of the drill, non-brittle ice was just met
from 120 to 520 m and from 1,340 to 2,564 m, the rest having  to winter-over at WAIS Divide to give the ice more time
to relax before shipment to the analysis facilities at the US National Ice Core Laboratory (NICL)!

To the contrary of what is asserted and to the support of Jaworowski's claims exist several articles, that mention that
many problems arise going deeper extracting the ice cores as many physico-chemical phenomenons take place and

213In the 1990s Jaworoswski was already working for the Norwegian Polar Research Institute in Oslo, and for the Japanese National
Institute of Polar Research in Tokyo. In this period he already studied the effects of climatic change on polar regions, and the
reliability of glacier studies for estimation of CO2 concentration in the ancient atmosphere.

214What a contempt! Jaworowski's papers are all well written, well documented and always reference relevant work, and they are
certainly not only informative for the laypersons, though the term in my writing has certainly no pejorative insinuation, but to
everybody, including the scientists of the establishment who should have made the effort to answer his valid questions.

215https://en.wikipedia.org/wiki/Zbigniew_Jaworowski 
216https://en.wikipedia.org/wiki/WAIS_Divide and http://waisdivide.unh.edu/about/index.shtml 
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erase high frequency climate variability, e.g. Pol et al. (2010) state “no new information on MIS 19 climate variability
has been revealed, because of a strong smoothing of the deuterium signal. This smoothing, highlighted by a loss of
spectral amplitude below a periodicity of ~1600 y, contrasts with the sub-millennial variability preserved for Holocene at
comparable resolution and in MIS 19 high resolution calcium data”. In fact, and rightfully pointed out by Jaworowski
(1994, 2004), as some water-veins at the grain junctions can be observed under some circumstances, as continuous
liquid water network is expected to strongly enhance isotopic diffusion, and as the time period spent by the MIS 19 old
ice  at  temperatures warmer than the critical  value of  −10 °C which  is  expected to  be a threshold for  migration–
recrystallization processes could have been too long, all that leads to a loss or distortion of information. This is further
obvious when Haan and Raynaud (2002) report dealing just with the last 2,000 years of reconstruction of [CO] “ In order
to study in detail the pre‐industrial CO level during the last two millennia and its temporal variations, several ice cores
from Greenland and Antarctica were analysed. Our Antarctic CO results remain very close to those observed previously
for the last 150 years and suggest that carbon monoxide concentration did not change greatly over Antarctica during
the last two millennia. Between 1600 and 1800 AD, CO concentrations obtained in the Greenland ice are also very close
to those already reported for the 1800–1850 AD period.  In contrast,  the oldest  part  of  the Greenland CO profile
exhibits high CO levels (100–180 ppbv) characterised by a strong variability. This part of the Greenland record likely
does not reflect the true atmospheric CO concentrations. We discuss the possible processes which could have altered
the atmospheric CO signal either before or after its trapping in the ice. The oxidation of organic material in the oldest
part of the investigated Greenland ice appears as the most likely explanation. Because there are strong similarities
between the Greenland CO and CO2 concentration profiles for the 1000–1600 AD period, mechanisms involved in
both cases could be at least partly the same. Therefore, oxidation of organic materials is a serious candidate for in‐
situ CO2 production in the Greenland ice. Due to the fact that the Antarctic ice contains much less impurities and show
no peculiar variability in CO concentrations, we are more confident about the atmospheric significance of our Antarctic
CO concentration profile”. In the end, these honest authors state the ice-core records might not reflect the true CO
concentrations (not the CO2 ones either) that they have more confidence into their Antarctica reconstructions than into
the Arctic ones, all that over a very short period of time, 2,000 years. We're not going to show more confidence in their
own results than them, and it will obviously be very low. Then the papers from Rubino et al. (2013; 2019) show how
much processing and corrections these ice-records require,  and indicate that “Additionally,  the records  have been
revised  with  new,  rule-based  selection  criteria  and  updated  corrections  for  biases  associated  with  the  extraction
procedure and the effects of gravity and diffusion in the firn”, confirming what Jaworowski has been saying all along,
that there are major side-effects, one of them being the isotopic diffusion due to the increased pressure resulting from
the mass of the huge stack of glass accumulated. Finally, Wikipedia writes “Similarly Hans Oeschger[5] states that
"...Some of (Jaworowski's) statements are drastically wrong from the physical point of view", quoting (Oeschger, 1995).

So let's analyze the answer brought by Oeschger and see whether it brings any convincing perspective, the sentences in
italic are excerpts from Oeschger's (1995) response paper:

� “JAWOROWSKI has  induced  considerable  confusion  regarding  the  reconstruction  of  ancient  atmospheric
compositions by the analysis of air occluded in polar ice of known age.” The reader does not learn whether
Oeschger thinks Jaworowski's claims are valid of not, he is dubbed a confuser.

� “Although we knew since the nineteen fifties that human activities might change the climate of the Earth, it
was not until the mid-seventies we realised that mankind was faced with a serious problem.” Value judgment,
unsubstantiated assertion, deception.

� “The US-CO2 programme was planned at an ERDA meeting in Miami in the late seventies. At that time we
proposed a reconstruction of the CO2 history by measuring the gases trapped in polar ice. This idea was met
with great deal of scepticism and we were aware that the changes (sic!) for success were limited because of a
wide spectrum of problems, including those which JAWOROWSKI describes in his paper.” So Jaworowski's claims
were legitimate and there were not some but a wide range of other problems. The reader will not be entitled
to know more, let's continue...

� “Some of his statements are drastically wrong from the physical point of view, e.g; the statement that CO2 at
70m depth in the ice begins to change into solid clathrates”. This is the major and in fact sole argument, used
by Oeschger to discredit Jaworowski and put forward by Wikipedia, and after verification, Oeschger does not
look correct in his affirmation. Let's consider the Phase Diagram P/T, Figure  73, at  ~6.4 bars given the ice
density of 0.91 and temperatures of the range [-15°C, -40°C] we do not only begin to have hydrates but we are
getting straight in the middle of the V-I-H zone. The dark gray region (V-I-H) represents the conditions at which
CO2 hydrate is stable together with gaseous CO2 and water ice (below 273.15 K). The pressure is displayed on
the left with a logarithmic-scale representation, while temperatures in °C (up) and K (down) are normal scales.
Unless one would be unable to find an (X,Y) on a graph, it appears  that for ~6.4 bars (~70 meters) and a range
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of temperature [-10, -40°C] one falls straight in the dark gray region (V-I-H) where the CO 2 clathrate (H) resides
and the more P increases the better sits in the dark gray area. So, unless proven otherwise, Oeschger looks
mistaken and Jaworowski correct. Would Oeschger talk of air hydrate, of course they are met much deeper as
they are made of 78% N2 and 21% O2 (very different P/T diagram) and therefore reported at respectively
1,092m, 1,099m at Dye-3 Camp Century and 727 m at Byrd Station (Shoji. and Langway, 1987), but Jaworowski
mentioned CO2.  Furthermore,  and unless  Jaworowski  (1994)  would specifically have written it  otherwise,
Jaworowski  (1997)  states  Fig.2  “Greenhouse gas  clathrates  begin  to form at  80 to 160 m”  which gives a
pressure range of [~7.3 bars - ~14.5 bars] which is even more in the V-I-H co-existence zone or even beyond
into the hydrate stability area. At a mean temperature of -24°C or less, e.g. (Raynaud and Barnola, 1985), one
can see that we exit the V-I-H co-existence zone to reach the hydrate stability-only zone at P> ~11.0 bars. So I
hardly  see how Jaworowski  could  be wrong  and claiming as  Oeschger  did,  on  that  sole  basis,   that  “his
statements are drastically wrong from the physical point of view”.

Figure 73. CO2 hydrate phase diagram from Genov (2005), Fig.I.8 p. I-8. The black squares show experimental data (Sloan, 1998).
The lines of the CO2 phase boundaries are calculated according to the International thermodynamical tables (1976). The
H2O phase boundaries are only “guides to the eye”. The abbreviations are as follows: L - liquid, V - vapor, S - solid, I -
water ice, H – hydrate.

� “The teams of researchers involved in ice core studies have a high standing within the scientific community.”
What an impressive argument of authority, should such arguments be even taken into account? History of
science proves rather the contrary.

� “The early increases of the greenhause (sic!) gases are used to initiative (sic!) the models simulating climatic
change... The low glacial greenhouse concentrations are an essential boundary condition for climate modelling
experiments of the Earth during a glacial period.” So, as the models are initialized with controversial data there
is no asking question!

� “The papers by JAWOROWSKI, and the one by HEYKE quoted in this paper, are not taken seriously by the science
community.” Again a useless and empty argument of authority. They could add, we've been well paid by IPCC
for all that deception and Jaworowski was dumb enough to work hard, be right and not make a penny with it!

� => then some rantings about the dire consequences of inaction... classical scare mongering tactics, normally
used by Greenpeace and the like, but one can also be a reputed professor of Physics at the famous University
of Bern and do the same....

� “Based on my experience during decades of involvement in this field, I consider the changes (sic!) as very small
that  the major findings  from greenhouse gas studies on ice core are fundamentally  wrong;  and I find the
publications of JAWOROWSKI not only to be incorrect, but irresponsible” If I understand well: Oeschger has been
unable to answer one single question asked by Jaworowski, but he states that he cannot be wrong because
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he's been involved for so long that he cannot be mistaken, and finally the cherry on the cake, the argument of
morality, Jaworowski is irresponsible because he dares ask questions. 

Honestly, I had no opinion before reading the exchange and the response by Oeschger, but if the latter has convinced
me of anything, it is to read very carefully what Jaworowski has to say, and to make a head-start on the first and most
remarkable statement from him, is “No study has yet demonstrated that the content of greenhouse trace gases in old
ice, or even in the interstitial air from recent snow, represents the atmospheric composition” Jaworowski (1997) and it is
simply correct. Shouldn't it have started there?

The validity of current reconstructions of pre-industrial and ancient atmospheres, based on CO2 analyses in polar ice
requires  that  the ice  cores  fulfill  the  essential  closed  system criteria,  which  basically  rests  on  three fundamental
premises Jaworowski et al. (1992a) : “

1. that the age of the gases in the air bubbles is much lower than the age of the ice in which they are entrapped
(e.g. Oeschger et al., 1985) ;

2. that 'the entrapment of air in ice is essentially a mechanical process of collection of air samples, which occurs
with no differentiation of gas components' Oeschger et al., 1985); and

3. that the original air composition in the gas inclusions is preserved indefinitely”.

Falsifying just one of these assumptions is more than enough to challenge the entire theory of man-made climate
change as it rests largely on the reconstructed atmospheres by means of ice cores. None of them will survive an honest
analysis and confrontation with the basic facts. The main argument in support of the last two premises is another
assumption that no liquid phase occurs in the polar ice at a mean annual temperature of -24°C or less (Berner et al,
1977; Raynaud and Barnola, 1985) but one will observe that this might not be correct because of the existence of a
simple thermal gradient as reported, e.g. by Shoji and Langway (1983) “The average bore hole temperature was -20°C
from the near the surface to approximately the 900m depth and progressively increased to -12°C at the bottom ”, makes
it  such that  we are  far  from a required homogeneous  -24°C.  Jaworowski  died  at  the end of  2011,  and it  is  very
unfortunate that this deprived him from first hand confirmation of his reservations, as in July 2012, an exceptional heat
wave struck Greenland, creating a melt zone, where summer warmth turned snow and ice into slush and melt ponds of
meltwater, and extended to 97 percent of the ice cover (Witze, 2012; Dahl-Jensen et al., 2013). Do not invoke AGW
here to explain that it is exceptional and that it did not occur before, because ice cores show that events such as this
occur approximately every 150 years on average. The last time a melt this large happened was in 1889. When the
meltwater seeps down through cracks in the sheet, it accelerates the melting and, in some areas, allows the ice to slide
more easily over the bedrock below, speeding its movement to the sea. During this unusual heat over Greenland in July
2012 melt layers formed at North Greenland Eemian Ice Drilling (NEEM) site as reported by Dahl-Jensen et al. (2013). As
the reader  can see,  the requirement  that  no liquid  phase occurs  in  the polar  ice,  so  that  premises  2)  and 3)  be
reasonable is simply already falsified and much more can be reported.

The first and most obvious evidence that there are a host of physico-chemical processes happening in the ice, is that if
the ice was just gently piling up with no physico-chemical transformation happening over the years, the scale of all ice-
core diagram (CO2 versus depth/age) would be very different, and the age would simply more or less linearly follow the
depths  (to  the  variations  of  the  atmospheric  supply),  whereas  it  is  obvious  that  the  deeper  one  goes  the  more
condensed the age scale, but with the unfortunate characteristic of neither being a nice log-scale (or else corresponding
to a simple physical  phenomenon that  would let itself  easily characterize217)  nor even displaying an homogeneous
response across the various sites, e.g. Figure 75 shows well the complete heterogeneity (of the age-scale properties)
between the Camp Century core; b, the Byrd core.

In order to help the reader follow a clear logic, the presentation will simply follow the order of the physico-chemical
processes leading to the final ice-core in the laboratory. Therefore, the entrapment process will be described first, then
the accumulation phase where the ice core progressively is buried deeper under an ever increasing ice load and more
numerous ice-layers, like “the P-38 Glacier Girl”, then the drilling process and relaxation that occurs when the sample is
extracted, a little bit like when a diver goes back up to the surface.

217It is often assumed that the plastic deformation of ice is generally expressed by a power law in terms of strain rate, έ, and stress
σ where A is a constant by:  έ = ( σ / A )n (Shoji and Langway, 1983), or by similar expressions but no less empirical, e.g. defined by
(Barnes et al., 1971) as  έ = A ( sin  h α σ )n exp (-Q/RT) where σ is the applied stress, Q an activation energy and A, α and n are
suitable constants. The work of (Barnes et al., 1971) deals both with uniaxial compression and basal sheer on rocks (e.g. glacier).
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1. When snow is transformed into ice (firnification process) by sedimentation near the surface of an ice sheet,
some of the atmospheric air is trapped in the inter-grain spaces which are progressively isolated from the
surrounding atmosphere and the resulting material is an “air-tight” bubbly glacial ice, but this progressive
transformation does happen over months, years or sometimes decades or more and permits many physico-
chemical mechanisms to happen (questioning the closed system requirement, i.e. the air trapped must have
stayed intact). Therefore, this interaction between the firn and the above atmosphere makes it such that the
age of the air in the inclusions may be slightly younger than that of the ice, but one immediately see that this is
a process that will show an extreme variance depending on the climatic conditions at the sampling site. This
has led to many arbitrary adjustments by those authors wishing to claim that the air is much younger than the
ice so that they could also claim that higher CO2 concentrations (inconveniently measured) were related to
younger air bubbles than they are in reality. How convenient, isn't it ? If your old reference has too much CO 2,
rejuvenate it by claiming that it interacted longer with the surface and here it goes!  Doing so, arbitrarily,
infringes the 3rd principle enunciated by Jaworowski (2004). Therefore the relative age of the air bubbles with
respect  to  the  enclosing  ice,  i.e.  their  dating  with  respect  to  the  age  of  ice  where  trapped  in  leads  to
interpretations and adjustments. The consolidation of snow to ice necessary to trap the air takes place at a
certain depth (the ‘trapping depth’) once the pressure of overlying snow is great enough. Since air can freely
diffuse from the overlying atmosphere throughout the upper unconsolidated layer (the ‘firn’), trapped air is
younger than the ice surrounding it.  But, trapping depth varies with climatic conditions, so the air-ice age
difference could vary greatly between a few decades and 6000 years;

2. While the future ice-sample keeps getting older and therefore going deeper, it feels the effect of an increasing
pressure. As the phase diagrams for the various gas making up the atmosphere differ significantly, they will
also react differently to the pressure increase. In the highly compressed deep ice all air bubbles disappear, as
under the influence of  pressure the gases change into solid clathrates,  which are tiny crystals  formed by
interaction of gas with water molecules (see Figure 74). The problem is that there always remain some liquid
water in ice, which contributes to change the chemical composition the air bubbles trapped between the ice
crystals and the more water percolates throughout the cracks during episodic warm summer events, the more
disturbances  one  can  fear.  In  that  respect,  one  should  notice  that  the  three  main  components  of  the
atmosphere have very different basic physico-chemical properties, e.g. carbon dioxide is seventy (70) times
more soluble than nitrogen and thirty (30) times more soluble than oxygen. This means that, whenever an air
bubble trapped in ice enters in contact with liquid water, not only does the liquid percolating the ice continues
to absorb gases, but it does so selectively, favoring carbon dioxide, by a huge margin, over the other common
gases in the air bubble and even the coldest Antarctic ice (down to –73°C) contains liquid water as reported by
Mulvaney et al. (1988) studying the existence of liquid veins at grain boundaries state “Calculations show that
between 40 and 100% of the sulphuric acid present in this ice was found at the triple-junctions, and would have
been liquid at ice-sheet temperatures. This finding, if general, has considerable implications for many of the
physical  properties of polar ice”. This leads Jaworowski  et al.  (1992a) to conclude  “More than 20 physico-
chemical processes, mostly related to the presence of liquid water, contribute to the alteration of the original
chemical composition of the air inclusions in polar ice”. Of course, every molecule of carbon dioxide that passes
into a solution is removed from the air within the air bubble. All these processes necessarily lead to various
forms of fractionation, simply because the various gases have different P/T phase diagrams. Fractionation is a
direct result of the different reaction of the gases that compose the atmosphere to the increase of pressure as
predicted by their different phase diagram P/T. This infringes the first principle listed by Jaworowski (2004)
"the entrapment of air (in the ice) is essentially a mechanical process of collection of air samples, which occurs
with no fractionation of gas components". At the ice temperature of -15°C dissociation pressure for N2 is about
100 bars, for O2 75 bars, and for CO2 5 bars. “Formation of CO2 clathrates starts in the ice sheets at about 200
meter depth, and that of O2 and N2 at 600 to 1000 meters”. This leads to depletion of CO2 in the gas trapped in
the ice sheets. This is why the records of CO2 concentration in the gas inclusions from deep polar ice show the
values lower than in the contemporary atmosphere, even for the epochs when the global surface temperature
was higher than now.

3. Now, third stage, while drilling and extracting the core, when lifting up the column will let the gas reform from
the  clathrate  and  escape  the sample  throughout  the cracks  (this  is  somewhat  following  similar  physical-
processes  to  what  happens  when  oil  and  gas  are  extracted  by  fracking).  Furthermore  various pollutions,
contamination and corruption of  the T  preservation are  unavoidable  during the drilling,  conditioning and
transportation processes. While lifting up the ice core the same mechanisms that led to fractionation when the
ice accumulated over time are also at play but in a reverse manner as the gases will transit from their hydrate
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form to gas again at different P/T (according to  the phase diagram) and therefore at different moment and
depths  thwarting  the  records  in  the  bubbles.  Drilling  decompresses  cores  excavated  from deep  ice,  and
contaminates  them with  the  drilling  fluid  filling  the  bore-hole.  Decompression  leads  to  dense  horizontal
cracking of cores, by a well known sheeting process. After decompression of the ice cores, the solid clathrates
decompose into a gas form, exploding in the process as if they were microscopic grenades. In the bubble-free
ice the explosions form a new gas cavities and new cracks as reported by Shoji and Langway (1983) for a
2,037m long ice-core “Deep-ice cores drilled from the Greenland and Antarctic ice sheets undergo volume
relaxation due to the expansion of air bubbles with time after core recovery”. These authors also report, and it
gives  an  idea  of  the  stress  of  the  recovered  sample,  “decreasing  rate  of  hydrostatic  pressure  of  about
5.4bar.min-1 for each core length recovered of  approx 1.9m”. Through these cracks,  and cracks formed by
sheeting, a part of gas escapes first into the drilling liquid which fills the bore-hole, and then at the surface to
the atmospheric air. Particular gases, CO2, O2 and N2 trapped in the deep cold ice start to form clathrates, and
leave the air bubbles, at different pressures and depth. 

Obviously, the assumption that the original air composition in the gas inclusions is preserved indefinitely seems violated
all along and confirms the qualms expressed by Jaworowski (2004) “that the original chemical and isotopic composition
of atmospheric air trapped in the ice is permanently preserved in the ice sheets and in the decompressed ice cores; this
means that the ice should remain a closed system in the ice sheet, in the ice cores during drilling, during decompression
from several hundred bar down to one bar, and during transport to laboratory and storage, with no chemical reactions,
diffusion through micro-cracks, and gas-liquid-solid phase changes occurring”. As a summary, all these problems arise
simply because the ice cores do not fulfill the essential closed system criteria. 

Figure 74. Clathrate  hydrates  are  inclusion compounds  in  which  a  hydrogen-bonded water  framework—the  host  lattice—traps
“guest” molecules (typically gases) within ice cages. The gas and water don’t chemically bond, but interact through weak
van der  Waals  forces,  with  each  gas  molecule—or  cluster  of  molecules  in  some cases—confined  to  a  single  cage.
Clathrates  typically  crystallize  into  one  of  the  three  main  structures  illustrated  here.  As  an  example,  structure  I  is
composed of two types of cages: dodecahedra, 20 water molecules arranged to form 12 pentagonal faces (designated
512), and tetrakaidecahedra, 24 water molecules that form 12 pentagonal faces and two hexagonal ones (5 1262). Two 512

cages and six 51262 cages combine to form the unit cell. The pictured structure I illustrates the water framework and
trapped gas molecules (from Mao et al., 2007), see also (Brook et al., 2008) and (Everett, 2013).

Let's come back a bit on the lag between the age of the ice and that of the air trapped in it. Berner et al.  (1980)
considered that atmospheric air can freely circulate in the firn down to the depth at which it finally changes into ice. But
at the same time Berner et al. (1980) acknowledge that “Air can circulate in the firn. Measurements on firn samples
indicate a loss of CO2 during the sintering process probably due to diffusion of CO2 out of the grains. The transition from
firn to ice in Greenland takes place at typical depths of around 70m”, and how that loss is accounted for is not reported.
Furthermore, Berner et al. (1980) state “The age of the occluded air is, therefore, younger than that of the ice matrix.
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For Greenland,  the typical  age difference is  200 years.  Measurements on samples of young ice from different cold
accumulation regions show that the amount of CO2 in the ice lattice is about equal to that in the bubbles”. But the paper
is followed by a discussion where Begemann has some questions:

Begemann: “Why is a different CO2 content of the atmosphere not reflected by the CO2 in the ice lattice?“

Oeschger: “We also looked at this question. If Henry's law would hold for the CO2 fraction in the ice, the varying CO2

content of the atmosphere should be reflected. But the CO2 in the ice lattice may be due to decomposition of organic
debris and/or CO2 trapped in refrozen melt layers, ie, phenomena not directly related to the atmospheric CO2 content”. 

One should notice that there is a mismatch between the CO2 trapped in the bubbles and that in the ice-lattice. What
Bernerd et al. (1980) state is that “Enrichment or depletion of CO2 in the bubbles by exchange with the ice is difficult
to estimate”. Furthermore, the relationship between the 70 meters depth and the age, i.e. 200 years is based on a
rheological model described by Hammer et al. (1978) and supposed to be better than a 3% error, but one will observe
that it does not match with the “P-38 Glacier Girl” burial rate which is perfectly known. Not going to much into the
details, in the summer of 1942, the United States started building up troops in the United Kingdom, using Narsarssuak
Air Base in Greenland as a stop en route. Among them, bound for the UK, was a flight of six P-38 Lightning fighters and
two B-17 Flying Fortress bombers that set out from Greenland on July 15, flying across the North Atlantic to keep their
route short but had due to heavy weather in the Denmark straight to return to their base and end up making a forced
landing at approximately 150 km west of Angmagssalik near the coast and at less than 200 km away from the future
Dye 3 ice core drilling research camp. This is the first time, when the P-38 Echo of Lt. Col. Wilson’s was retrieved in Sept
1989, that one could measure exactly how much ice had accumulated over a given period of time, herein 47 years. The
aircraft was buried under 78 meters of snow, firn and ice, which was a lot more than the 12 meters that glaciologists
had anticipated and led to reconsider the way the layers were counted and dated (Heinsohn, 1994). The question of
why “Glacier Girl” was not more squashed by its long stay under 78 meters of ice and snow is relevant and looking
closer at the remains shows that the plexiglass windscreen had exploded and that the aircraft was in fact totally “filled”
with snow and ice and where it had not, it had indeed been crushed by the ~5 to 6 bars of pressure (depending on the
relative proportions of snow, firn and ice).

So far, we have a rheological model better to 3% accuracy which does not match the observations as the “Glacier Girl”
was buried under 78 meters of ice in 47 years (and not 200 years for 70 meters) and two CO2 fractions, i.e. one in the
bubbles and one in the lattice, which do not match either. Oeschger finally asserts “The following studies should give
information on the origin of  the ice lattice fraction:  CO2 measurements  on snow and firn combined with chemical
analyses,  measurements  of  the  isotopic  composition  of  the  extracted  CO2,  laboratory  measurements  on  artificially
produced snow and ice samples, etc.”. So, here was the footings on which the AGW story started, not sound as you will
agree, but to add a bit to where we stand now, further to the 2012 heat wave Dahl-Jensen  et al. (2013) reported that
“We reconstructed the Eemian record from folded ice  using globally  homogeneous  parameters  known from dated
Greenland and Antarctic ice-core records. On the basis of water stable isotopes, NEEM surface temperatures after the
onset of the Eemian (126,000 years ago) peaked at 8  ± 4 degrees Celsius above the mean of the past millennium,
followed by a gradual cooling that was probably driven by the decreasing summer insolation. . Extensive surface melt
occurred at the NEEM site during the Eemian, a phenomenon witnessed when melt layers formed again at NEEM during
the exceptional heat of July 2012”.

So far, we know 1) that the previous inter-glacial, the Eemian was much warmer than current conditions and therefore
emphasizes that natural variability lead to a far greater variance than observed and that current climate and conditions
atop the Arctic are within natural range 2) that melt water percolate throughout the ice sheet and demonstrate that
Jaworowski is right in claiming that, necessarily over long periods, say centuries, water drains across the ice sheets and
modifies the records, invalidating all the fragile foundations of the AGW theory as no reliable estimates of pre-industrial
CO2 atmospheric content can be asserted with reasonable confidence. The depletion in CO2 matches the increase of
pressure and reflects a simple fractionation process as the deeper we go into the ice-sheets the more depressed the
CO2 content of the core. 

Jaworowski  (2004) sums everything up “The problem with Siple data (and with other shallow cores) is that the CO2

concentration found in pre-industrial ice from a depth of 68 meters (i.e. above the depth of clathrate formation) was
"too high".  This ice was deposited in 1890 AD, and the CO2 concentration was 328 ppmv, not about 290 ppmv, as
needed by man-made warming hypothesis. The CO2 atmospheric concentration of about 328 ppmv was measured at
Mauna Loa, Hawaii as later as in 1973, i.e. 83 years after the ice was deposited at Siple. An ad hoc assumption, not
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supported by any factual evidence, solved the problem: the average age of air was arbitrary decreed to be exactly 83
years younger than the ice in which it  was trapped. The "corrected" ice data were then smoothly aligned with the
Mauna Loa record (Figure 1 B) , and reproduced in countless publications as a famous "Siple curve" . Furthermore,  the
evidence from direct measurements of CO2 in atmospheric air indicates that the 19th century average concentration was
335 ppmv (Slocum, 1955) and more than 90,000 direct chemical measurements in the atmosphere at 43 Northern
Hemisphere stations, between 1812 and 2004 have shown that  CO2 varied very significantly [290-440ppm] over that
period (Beck, 2007, 2008)218. Finally, and very importantly, a study of stomatal frequency in fossil leaves from Holocene
lake deposits in Denmark from Wagner et al. (1999), showing that 9,400 years ago  CO2 atmospheric level was 333
ppmv, and 9,600 years ago 348ppmv, falsifies the concept of low and stable CO2 air concentration previous the advent
of the industrial revolution. Furthermore, reconstructed CO2 values based on stomatal frequency analysis of fossil Tsuga
heterophylla needles show that  CO2 values go as high as 400 ppm around 400 AD according to Kouwenberg (2004),
Chapter 5, and Kouwenberg et al. (2005). Low and stable CO2 air concentration previous the advent of the industrial
revolution is an IPCC deception.

Wagner  et  al.  (1999)  state  “The inverse  relation  between atmospheric  carbon  dioxide  concentration and stomatal
frequency  in  tree  leaves  provides  an  accurate  method  for  detecting  and  quantifying  century-scale  carbon  dioxide
fluctuations.  In  contrast  to conventional  ice core estimates of  270 to 280 parts per million by volume (ppmv),  the
stomatal frequency signal suggests that early Holocene carbon dioxide concentrations were well above 300 ppmv”. In
this  important  paper,  Wagner  et  al.  (1999)  report  accurate  CO2 concentrations  and  variations  for  the  pre-Boreal
Holocene period which were as high as 348 ppmv and state “In the Friesland phase, inferred CO2 concentrations of 265
± 21 and 260 ± 25 parts per million by volume (ppmv) are followed by a rapid rise to 327 ± 10 ppmv and a more gradual
increase to a maximum of 336 ± 8 ppmv in the early part of the Late Preboreal. Then, there is a continuous CO2 decline
to a minimum of 301 ± 21 ppmv, followed by a sharp increase to 348 ± 14 ppmv. In the uppermost part of the studied
interval, CO2 concentrations stabilize again to values between 333 ± 8 and 347 ± 11 ppmv”.

Figure 75. CO2 concentrations in the bubbles and total carbonate content of: a, the Camp Century core; b, the Byrd core. The CO 2

concentrations  are presented with the lowest,  highest  and median values for each depth.  The dashed lines indicate
depths were drill fluid was observed in the large sample. Maximum CO2 values of 500 ppm at 500m (~300 years) for the
Byrd Core. Modified after: Fig.1 in (Neftel, 1982) with anomalies as pink ellipses ~7,000-year BP added.

218“Meanwhile, more than 90,000 direct measurements of CO2 in the atmosphere, carried out in America, Asia, and Europe between
1812 and 1961, with excellent chemical methods (accuracy better than 3%), were arbitrarily rejected. These measurements had
been  published  in  175  technical  papers.  For  the  past  three  decades,  these  well-known  direct  CO2 measurements,  recently
compiled and analyzed by Ernst-Georg Beck  (Beck,  2006,  2007,  2008),  were completely  ignored  by  climatologists—and  not
because they were wrong. Indeed, these measurements were made by several Nobel Prize winners, using the techniques that are
standard textbook procedures in chemistry, biochemistry, botany, hygiene, medicine, nutrition, and ecology. The only reason for
rejection was that these measurements did not fit the hypothesis of anthropogenic climatic warming. I regard this as perhaps the
greatest scientific scandal of our time.”  (Jaworowski , 2007)
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On the other hand, the ice core data from the Taylor Dome, Antarctica, which are used to reconstruct the IPCC’s official
historical record, feature a much more flattish time trend and range, i.e. 285 to 245 ppmv (Indermühle, et al. 1999).
This difference strongly imply that ice cores are not a proper matrix for reconstruction of the chemical composition of
the ancient atmosphere. Furthermore, Jaworowski (1997) claims that many discrepancies affect the ice cores and that
(Oeschger et al., 1985) made an ad hoc attempt to explain some of these anomalies without success and further adds a
very specific claim “In about ~6,000-year-old ice from Camp Century, Greenland, the CO2 concentration in air bubbles
was 420 ppmv, but it was 270 ppmv in similarly old ice from Byrd, Antarctica”. Though, he does not provide the source
of this, it is not difficult to find Fig.1 in (Neftel, 1982) to display exactly that sort of anomaly, though the age is more
~7,000-year-old corresponding to 1010 meters at Camp Century, Greenland and 900 meters at Byrd, Antarctica, see for
yourself next Figure 75.

So we are left with inaccurate and dubious ice core results as the three fundamental premises are violated because the
closed  system criteria  cannot  be  met,  and  which  lead  the  entire  AGW edifice  to  crumble.  Pre-industrial  CO 2 air
concentration of at least 335 ppmv (Slocum, 1955) and pre-Boreal Holocene concentrations of up to 348 ppmv totally
invalidate the low and arbitrary cherry picking of Callendar (1938) of 292 ppmv219 which appears more as pathological
science (Langmuir, 1989) than anything else.  “Callendar was prejudice in selecting from all his data roughly 30%, which
showed  concentration  around  290  ppm,  leaving  the  remaining  70% which  showed  concentrations  over  300  ppm”
(Foscolos,  2010)  and  he  made  a  disservice  to  science.  This  practice  of  arbitrary  selection  of  data  sets  matching
prerequisites  is  also  prejudicial  to science and denounced by Jaworowski  (1997)  for  Neftel  at  al.;  Pearman et  al.;
Leuenberger and Siegenthaler; Etheridge et al.; Zardini et al.; among others.

Let's give the final point here to Jaworowski (2004), «the basis of most of the IPCC conclusions on anthropogenic causes
and on projections  of  climatic  change is  the assumption of  low level  of  CO2 in the pre-industrial  atmosphere.  This
assumption, based on glaciological studies, is false.  Therefore IPCC projections should not be used for national and
global economic planning». 

Time now to move on to Antarctica and Arctic. The first will be a rather quick trip as the reader will see that there is not
much to say in terms of warming, as it is in fact rather cooling, albeit slowly. Arctic will be more of a challenging place to
investigate as it shows some warming and the question will be to try to know what it can be related to. As CO2 is a Well
Mixed  Gas  (WMG),  as  recalled  by Neftel  et  al.  (1982)  “Due to  atmospheric  mixing,  the  CO2 concentration  in  the
Northern  and  Southern  Hemispheres  should  not  differ  by  more  than  a  few  p.p.m.",  one  must  conclude  that  any
explanation based on GHG warming that would apply only to Arctic and not to Antarctica does not hold.

The West Antarctic Ice Sheet Divide Ice Core, a leading hedge project (WAISDIC, 2020), was completed by the United
States Antarctic Program (USAP) and ran under the auspices of the WAIS Divide Ice Core Science Coordination Office
(Desert Research Institute and University of New Hampshire) and reports on operations supported by the National
Science Foundation under various awards to the Desert Research Institute, Nevada System of Higher Education, and to
the University of New Hampshire. They provide a host of information and enable to get a sense of how progress is
being made. The site is located at 79°28′03″S 112°05′11″W and is at a linear boundary that separates the region where
the ice flows to the Ross Sea, from the region where the ice flows to the Weddell Sea. It is similar to a continental
hydrographic divide and was designed so to represent a Southern Hemisphere equivalent to the deep Greenland ice
cores. Surprisingly enough, it was asserted that a site in Antarctica was needed because Greenland ice contains enough
dust that post-depositional chemical reactions compromise the record of atmospheric carbon dioxide, thus casting a
serious doubt on all Arctic records. WAISD drilling was halted 50 meters above the bedrock at a depth of 3405 meters
to leave an environmental barrier between the drilling fluid and the pristine basal aqueous environment and intended
to provide for a high accuracy of dating of the ice stratigraphy of the most recent 31 kyr based on continuously counting
annual layers observed in several indicators, including multi-parameter aerosols (e.g. dust), in the chemical and trace
elements, and in records of electrical conductivity, etc. (Sigl, et al. 2016) and led to very accurate dating of key pre-
Holocene events, e.g. “Younger Dryas–Preboreal transition (11.595 ka) and the Bølling–Allerød Warming (14.621 ka)”.

The site was chosen according to a specific criterion. The divide permits to limit the amount of horizontal ice flow drift
(<10 meter-year-1 at the basement), thus leading to a better integrity of the ice record (limiting different ice deposition
locations for ice at different depths),  high annual ice accumulation and thick ice was needed to provide a high time

219To reach the low 19th century CO2 concentration, the cornerstone of his hypothesis, Callendar (1938, 1940, 1949) used a biased
selection method. From a set of 26 19th century averages, Callendar rejected 16 that were higher than his assumed low global
average, and 2 that were lower, see Fig.1 in (Jaworowski, 2007)
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resolution record and led to prefer West Antarctica which has higher ice accumulation rates than East Antarctica, and
simple basal topography. The first observation is that the relationship between temperature and accumulation is not as
simple as it may appear, and as stated by Fudge et al. (2016a) “the relationship shows considerable variability through
time with high correlation and high sensitivity for the 0–8 ka period but no correlation for the 8–15 ka period. This
contrasts with a general circulation model simulation which shows homogeneous sensitivities between temperature and
accumulation across the entire time period. These results suggest  that variations in atmospheric  circulation are an
important driver of Antarctic accumulation but they are not adequately captured in model simulations. Model-based
projections of future Antarctic accumulation, and its impact on sea level, should be treated with caution ”. Here we have
a first red flag that clearly identifies that ice stratification and accumulation is certainly not a linear process over time,
that it depends on the actual circulation over the site over long periods of time and that just over a 15 kyr timescale, for
at the WAISD site, the situation changed from a good to no correlation, whereas the westerlies should have ensured
some regularities to the precipitations and accumulation.

When it comes to the identification of the strata, optical stratigraphy or imaging is often performed, but only as long as
the contrasts are satisfactory, which was not the case for the entire WAISD ice core. Therefore, a two‐dimensional
electrical conductivity stratigraphy was performed for the deepest 40% of the WAIS Divide ice core (1,956 m to 3,405m,
11.5  kyr  to  68 kyr)  as  explained by Fudge et  al.  (2016b)  “The electrical  stratigraphy  showed  clear  banding driven
primarily  by annual  variations.  Centimeter‐scale pinched layers and other irregularities were concentrated between
2700 m and 2900 m (27 ka to 33 ka);  below 2900 m, decreasing amplitude of  conductance variations  likely  due to
diffusion prevented confident interpretation of both annual and irregular layering”.

So, beyond 33 kyr and using the best techniques, the records get fuzzy displaying  irregular layering which arises from
variations in the deformation of ice due to strain and sheer even in a limited flow conformation due to the divide
between the Ross Sea and the Weddell Sea and Fudge et al. (2016b) report “below 2900 m, decreasing amplitude of
conductance variations likely due to diffusion prevented confident interpretation of both annual and irregular layering.
The effective diffusivity at  −30°C is  2.2 × 10−8 m2 yr−1,  approximately 5 times greater than for self‐diffusion of water
molecules, implying diffusion at grain boundaries... the irregular layering likely arises from variations in the deformation
of ice”. So, here one starts seeing the processes described by (Jaworowski, 1997), stress, cracks, strain, sheer, diffusion,
which for the WAISD ice core represented 1,780 m (0 to 120m, 520 to 1,340m and 2,565 to 3,405m) over the entire
3,405 m, i.e. nearly 53% of the entire  total of the ice core and I will add gas fractionation which is not visible but
inevitable and intimately linked to the increase of  pressure as we talk at  the bottom of the drill  of kind of three
hundreds (300) bars, and finally decompression and selective degassing when the sample is extracted.

Despite  the fact  that  glacial  stratigraphy is  always  complex as  it  has  just  been noted,  if  only  because it  provides
intertwined levels,  with  deposition  processes  leading to  layers  displaying unconformity  and nonconformity  due to
climatic hazards, etc. the simple ice flow and the annual numbering of the ice strata  resulted at WAISD in the first
record of ice stratigraphy and accumulation rate back to the Antarctic Isotope Maximum 4 (AIM) warm event that is
independent of an assumed relationship to water stable isotopes. Alas, the ice accumulation rate did not consistently
correlate with water isotopes, particularly at times of abrupt climate change in the Northern Hemisphere (Fudge et al.,
2016a, 2016b).  “This calls into question the common practice of using water isotopes as a surrogate for the ice
accumulation rate” (West Antarctic Ice Sheet (WAIS) Divide Project Members, 2013; Buizert et al., 2015).

Be it for previous studies, e.g. (Neftel, 1982; Neftel et al., 1988) where the bedrock was met before 60 kyr, be it at
Camp Century (Arctic) or Byrd (Antarctic), the WAISDIC results confirm that even 20 years later the first studies and
with significant instrumentation progress, the bedrock remains where it is and that 31 kyr of real chrono-stratigraphy is
a great achievement and 68 kyr is the limit which is reached only at the cost of widely increased uncertainties. The
chronology for the deeper part of the core (67.8–31.2 kyr BP),  was reportedly based on stratigraphic matching to
annual-layer-counted Greenland ice cores using globally well-mixed atmospheric methane. Buizert et al. (2015) report
“We calculate the WD gas age–ice age difference (Δage) using a combination of firn densification modeling, ice-flow
modeling, and a data set of δ15N-N2, a proxy for past firn column thickness. The largest Δage at WD occurs during the
Last Glacial Maximum, and is 525 ± 120 years”.

One will immediately notice that the techniques used have drastically changed and that using a combination of models
and proxies for the firn column thickness, a  Δage is then assessed and Buizert et al. (2015) add “ Internally consistent
solutions can be found only when assuming little to no influence of impurity content on densification rates, contrary to
a recently proposed hypothesis. We synchronize the WD chronology to a linearly scaled version of the layer-counted
Greenland Ice Core Chronology (GICC05), which brings the age of Dansgaard–Oeschger (DO) events into agreement with
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the U/Th absolutely dated Hulu Cave speleothem record”. That's a lot of geo-engineering to make things match and
show somehow some coherence down to the 68 kyr limit. In any case, the site does not provide information on the
status of WAIS during MIS-5e because basal melting would have melted any ice from that time.

Therefore, one will wonder how much 800 kyr reconstructions can be trusted and with which confidence and reliability
the results should be considered as it takes us more than 10 times further back than what appeared already as a
technological prowess with the wherewithals of a unique and recent project (2006-2013), such surprisingly distant
reconstructions are provided by e.g. (Jouzel et al. 2007; Bereiter et al., 2015) and one must notice that they do not rest
on any real stratigraphic counting, just on modeling (firn densification, water isotopes, etc.). The European Project for
Ice Coring in Antarctica (EPICA) has provided two deep ice cores in East Antarctica and the drilling at Dome C, was
stopped at a depth of 3260 m, about 15 m above the bedrock. As stated by Jouzel et al. (2007) “A preliminary low-
resolution δD220 record was previously obtained from the surface down to 3139 m with an estimated age at this depth of
740,000 years before the present (740 ky B.P.), corresponding to marine isotope stage (MIS) 18.2 (1)... We completed
the deuterium measurements,  δDice,  at  detailed resolution from the surface down to 3259.7 m. This  new data set
benefits from a more accurate dating and temperature calibration of isotopic changes based on a series of recent
simulations performed with an up-todate isotopic model”.

One will notice that it is not mentioned any longer the existence of any stratigraphic ice age records that would serve as
a validating reference to the far extending δDice,  but of simulations based on ad-hoc isotopic model. The accuracy
envisaged by the authors, and one will hardly understand how it can remain constant and stable over the entire 740 kyr
given what was seen over the 15 kyr period at the WAISD site with accurate records, is mentioned as “EDC3 has a
precision of ±5 ky on absolute ages and of ±20% for the duration of event”.

Furthermore, one will also notice that the only validation of the entire results reported depends on another piece of
software, i.e. a GCM as stated by Jouzel et al. (2007) “Results derived from a series of experiments performed with the
European Centre/Hamburg Model General Circulation Model implemented with water isotopes (9) for different climate
stages (SOM text) allowed us to assess the validity of the conventional interpretation of ice core isotope profiles (δD or
δ18O) from inland Antarctica, in terms of surface temperature shifts”. So, we have simulations performed according to
an ad-hoc isotopic model  which are validated by another piece of obscure software which is  a general  circulation
model, and this is how the temperatures are known, all that is truly impressive but one remains cautious, aren't you ?

One thing for  sure,  with  Jouzel  et  al.  (2007)  one  is  more into  the  response of  a  modeling  system than  into  the
stratigraphic counting of the ice layers, which even when done with the greatest care starting from ad-hoc drilling
procedures, e.g. (Shturmakov, 2007)221 and (Souney et al., 2014) show that beyond tens of kyr problems start piling up,
not even considering all reservations brought up by (Jaworowski et al, 1992a-b; Jaworowski, 1994, 2003, 2007, 2009).

As  one  can  always  find  positive  information,  and  provided  that  the  results  can  be  trusted  notwithstanding  all
observations  made,  one  will  notice  that  the climate  changes  mentioned over  the  740 kyr  record  show a  natural
variability which far exceed the current changes observed throughout the last two millenniums and Jouzel et al. (2007)
state “We inferred that the change in surface temperature (ΔTs) range, based on 100-year mean values, was ~15°C over
the past 800 ky, from -10.3°C for the coldest 100-year interval of MIS 2 to +4.5°C for the warmest of MIS 5.5 ” which
means huge natural amplitudes and a Δts of up to 15°C!  Of course without any man-made emission... 

At that time, i.e. 2007, the authors were of the opinion that “peak temperatures in the warm interglacials of the later
part of the record (MIS 5.5, 7.5, 9.3, and 11.3) were 2° to 4.5°C higher than the last millennium” and considered that
“the interplay between obliquity and precession accounts for the variable intensity of interglacial periods in ice core
records”. It seems that some CO2 mind-blurring has happened in the meantime and they are looking now with the
IPCCC for another explanation were sort of +1.6 W/m2 (maximum but probably much less in the order of +1.0 W/m2) of
CO2 IR  absorption  (for  a  doubling)  would  produce  stronger  effects  than  just  the  variation  of  the  obliquity
(notwithstanding all other factors) that they reported by then as representing ten times more at +14 W/m 2, Jouzel et al.
(2007)  “With respect  to  the  strong linear  relationship  between  δD and  obliquity,  the  link  may  be  local  insolation
changes, which at 75°S vary by ~8% up to 14 W/m2.”

220D stands of course for Deuterium.
221e.g. the drill fluid is a mixture of HCFC 141b (densifier) and Isopar K (base solvent).
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Figure 76. Antarctica monthly sea ice extent anomaly as per https://nsidc.org/data/seaice_index shows a +0.8 ± 1.1% increase per
decade. Methodology described at https://nsidc.org/sites/nsidc.org/files/G02135-V3.0_0.pdf 

So now the good news, which is that whatever the IPCC speculations and the arguing about the next Armageddon if all
the emissions are not cut drastically, the Antarctica has kept growing (Wang et al., 2019), yes growing albeit at a small
pace, i.e. +0.8 ± 1.1% per decade, and the graph Figure 76 (National Snow & Ice Data Center - University of Colorado,
Boulder) is quite clear.

And as a picture is worth a thousand words, let's see the geographical extent of the sea ice and compare it to its median
ice edge (1981-2010):

Figure 77. The monthly Sea Ice Index provides a quick look at Antarctic-wide changes in sea ice.  It  is a source for consistently
processed ice extent and concentration images and data values since 1979. Monthly images show sea ice extent with an
outline  of  the  30-year  (1981-2010)  median  extent  for  that  month  (magenta  line),  as  per
https://nsidc.org/data/seaice_index. Source:  National Snow & Ice Data Center - University of Colorado, Boulder.

Finally, the following graphic depicts the temperature in Antarctic with the Ln(CO 2) and shows that despite the massive
increase in [CO2]  there is  simply no temperature response for the simple reason, that  the climate has a very low
sensitivity to CO2 as we have amply demonstrated up to now.
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Figure 78. CO2 curve (red) from Antarctic Ice Cores Revised 800 kyr CO2 Data (to 2001). Source: NOAA, contributed by Bereiter et al.,
(2015); and from NOAA annual mean CO2 data (2002–2017). Due to the logarithmic effect of CO2 on temperatures, the
comparison is more appropriately done with the Ln(CO2). Temperature curve (blue) for the past 200 years from 5 high
resolution Antarctic ice cores. Source: Schneider et al. (2006).  No temperature change is observed in response to the
massive increase in CO2, over the period 1800-2000 (despite the conclusion from Schneider et al. (2006), who by cherry-
picking the data, says slightly otherwise). Source: Javier (2018b).

Surprisingly, Antarctica shows absolutely no warming for the past 200 years as displayed on Figures 76, 77 and 78. The
only place where one can measure both past temperatures and past CO2 levels with some confidence for 31 kyr shows
no temperature response to the huge increase in CO2 over the last two centuries and at least for the last 7 decades as
evidenced by a thorough analysis by Singh and Polvani (2020). This evidence supports that CO2 has very little effect over
Antarctic temperatures, if any, and it cannot be responsible for the observed correlation over the past 800,000 years,
and again appears just as a lagging proxy on the temperature. “ It also raises doubts over the proposed role of CO2 over
glacial terminations and during Modern Global Warming (MGW)” (Javier, 2018b). 

Measurements are directly available and can be checked for a host of different stations. A very limited excerpt of some
stations is listed hereafter and show no warming over the period 1950-2020 :

Station Data: Halley (75.45S, 26.217W):
https://data.giss.nasa.gov/cgi-bin/gistemp/stdata_show_v4.cgi?id=AYM00089022&ds=14&dt=1
Station Data: Mawson (67.6S, 62.8670E):
https://data.giss.nasa.gov/cgi-bin/gistemp/stdata_show_v4.cgi?id=AYM00089564&ds=14&dt=1
Station Data: Vernadsky (65.25S, 64.267W):
https://data.giss.nasa.gov/cgi-bin/gistemp/stdata_show_v4.cgi?id=AYM00089063&ds=14&dt=1
Station Data: Dumont D'Urville (66.667S, 140.0170E):
https://data.giss.nasa.gov/cgi-bin/gistemp/stdata_show_v4.cgi?id=AYM00089642&ds=14&dt=1
Station Data: Jan Mayen (70.9331N, 8.6667W):
https://data.giss.nasa.gov/cgi-bin/gistemp/stdata_show_v4.cgi?id=NOE00105477&ds=14&dt=1
Station Data: Bjoernoeya (74.5167N, 19.0167E):
https://data.giss.nasa.gov/cgi-bin/gistemp/stdata_show_v4.cgi?id=NO000099710&ds=14&dt=1
Station Data: Nikolskoye Beringa Ostrov (55.2000N, 165.9800E):
https://data.giss.nasa.gov/cgi-bin/gistemp/stdata_show_v4.cgi?id=RSM00032618&ds=14&dt=1
Station Data: Barrow Post Rogers Ap (71.2833N, 156.7814W):
https://data.giss.nasa.gov/cgi-bin/gistemp/stdata_show_v4.cgi?id=USW00027502&ds=14&dt=1

Complete  access  is  provided  here,  selecting  stations  at  will  on  the  sensitive  globe  display:
https://data.giss.nasa.gov/gistemp/station_data_v4_globe/ 

It has long been considered by most authors that the change of CO2 levels between glacial and interglacial periods, of
only  70–90ppmv,  is  too  small  to  drive  the  glacial  cycle,  and  even  if  Shakun  et  al.  (2012)  state  that  “Our  global
temperature  stack  and  transient  modelling  point  to  CO2 as  a  key  mechanism  of  global  warming  during  the  last
deglaciation” not only does their excellent paper totally invalidates that assertion but also provides for a clear sequence
of event of how a deglaciation happens and of how little the CO 2 plays a role. We now have seen all the required
concepts to describe the full scenario of how the Earth exists a glacial era, let's see how that works.
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Figure 79. Temperature(s) T and CO2 concentration: The graph displays the global proxy temperature stack (blue) TG as deviations
from the early Holocene (11.5–6.5 kyr ago) mean, an Antarctic ice-core composite temperature record (red) T A,   and
atmospheric CO2 concentration (EPICA Dome C ice core). The pink ellipses show clearly where TA starts rising before CO2

which keeps lagging all  along except for the degassing hysteresis oceanic effect when T stabilizes (between -15 and
-13kyr).  The Holocene, Younger Dryas (YD), Bølling–Allerød (B–A), Oldest Dryas (OD) and Last Glacial Maximum (LGM)
intervals are indicated. Modified after: Shakun et al. (2012).

1) As with seen Figure 36,  the sinusoidal change of obliquity, with the help of precession, leads to an increase in
insolation at 65N at around -19 kyr. This does not succeed to produce the initial trigger the exit of the glacial
era each time, i.e. every 41 kyr, as the Earth as gotten cooler and cooler, and since the previous inter-stadial,
i.e.  the Eemian,  two unsuccessful attempts failed until  the Holocene turned out to be the right one.  It  is
remarkable that it was not until Roe (2006) that it was recognized that during the alternation of deglaciations
and glaciations, the insolations at 65°N from Milankovitch's calculations are not correlated with the ice volume
V(t), deduced from the sea level found by various geological markers, but with the time rate of change of
global ice volume, i.e. the derivative dV/dt of this volume with respect to time! It is however obvious that
temperature determines the melting of the ice dV/dt, and not its volume V(t), and thus that there exists a
relationship of the kind: dV /dt= a (T(t) - T0)  b. By doing so, Roe (2006) reports that “the available records
support  a  direct,  zero-lag,  antiphased  relationship  between  the  rate  of  change  of  global  ice  volume and
summertime insolation in the northern high latitudes. Furthermore, variations in atmospheric CO2 appear to
lag the rate of change of global ice volume. This implies only a secondary role for CO2 – variations in which
produce a weaker radiative forcing than the orbitally-induced changes in summertime insolation – in driving
changes  in  global  ice  volume”.  Then,  and  this  is  very  important,  Shakun  et  al.  (2012)  state  “Substantial
temperature  change at  all  latitudes,  as  well  as  a net  global  warming of  about  0.3°C,  precedes the initial
increase in CO2 concentration at 17.5 kyr ago, suggesting that  CO2 did not initiate deglacial warming”. Not
only did CO2 not initiate the deglacial warming, but contrary to what Shakun et al. (2012) try to demonstrate
by using monte-carlo simulations, CO2  did not play any role at all, just lagged the temperature and especially
those in Antarctica (as  they concede anyway)  where the degassing of  the southern oceans produced the
increase in the gas of life, this being very well visible on Figures 71 and 79, e.g. (Martínez-Botí et al. 2015). Each
of the pink ellipses show that the Antarctica temperature broke out of a consolidation phase first (at 12.5 and
17.8  kyr)  and  second  CO2 followed,  and  that  when  the  temperature  stabilized  horizontally,  CO2 slightly
overshot due to the hysteresis effect of the warmer ocean which kept degassing, given the long residency time
of the AMOC, and finally started to subside.

2) This warming of the Northern mid to high latitudes, due to the orbital trigger,  were the first to warm after the
LGM  leads  to  the  observed  retreat  of  Northern  Hemisphere  ice  sheets  and  the  increase  in  sea  level
commencing 19 kyr ago, with an increase of freshwater that produces a weakening of the AMOC. In response
to 1.0-Sv freshwater input, the THC switches off rapidly in all model  simulations. A large cooling occurs over
the North Atlantic. The annual mean Atlantic ITCZ moves into the Southern Hemisphere (Stouffer et al., 2006) ;

3) At that point there occurs a a pronounced inter-hemispheric seesaw event around -13.5 kyr, as seen in the
Pa/Th (protactinium/thorium ratio) record and Shakun et al. (2012) state “We find that  ΔT decreases during
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the Oldest Dryas and Younger Dryas intervals, when the Pa/Th record suggests that the AMOC is weak and
heat transfer between the hemispheres is reduced, and that ΔT increases during the LGM, the Bølling–Allerød
and the Holocene, when the AMOC is stronger and transports heat from the south to the north”. There results a
cooling of Arctic between 13.8 kyr to -12.5 kyr, but the tropical and Southern Hemisphere warming seem to
completely offset northern extra-tropical cooling. A near-synchronous seesaw response is seen from warming
of the mid southern latitudes to the cooling of the high northern latitudes, and strong Antarctic warming is
observed and the increase in CO2 concentration obviously lags the temperature and the AMOC change, as it
is the very change in the AMOC circulation which leads to an increase in the degassing of the southern oceans.
There exists a correlation between times of minima in the AMOC and maxima in CO2 release, for the simple
reason that to a minimal northern AMOC corresponds warmer southern oceans and more degassing. Anderson
et al. (2009) observe “In the record with the greatest temporal resolution, we find evidence for two intervals of
enhanced upwelling concurrent with the two intervals of rising atmospheric CO2 during deglaciation. These
results directly link increased ventilation of deep water to the deglacial rise in atmospheric CO2”.

4) The entire Bølling-Allerød period -12.7 to -14.7 kyr was a climatically unstable period in the northern high
latitudes and this instability is linked to alternating modes of the Arctic sea ice cover between periods with and
without perennial sea ice cover. Then the AMOC resumes around -12.5 kyr and the northern hemisphere and
the Arctic warm again to reach a high level at the beginning of the Holocene, at the end of the Younger Dryas,
at -11.7 kyr, but the Holocene Climatic Optimum will only be reached slightly later, during the Boreal at around
-9.7 kyr (Figure 35).

As  was  clearly  explained  above,  CO2 has  been  accompanying  the  events,  nothing  more  and  acted  as  a  ex-post
thermometer just recording the increase in temperatures through the simple effect of Henry's law and the obsessional
focus on it to try to explain a much more complex sequence of event is surprising. Thus the final statement by Shakun
et al. (2012) “Our global temperature stack and transient modelling point to CO2 as a key mechanism of global warming
during the last deglaciation” seems to simply go against all evidences brought by the paper and contradicts the very
title of the article.

Over the last 200 years CO2 levels have increased by 78 ppm (335 ppmv before the industrial age and 413 ppmv as of
July 2020), an increase comparable to that of a glacial termination in terms of additional  CO2. But, Antarctica shows
absolutely no warming for the past 200 years and this evidence supports that CO2 has very little effect over Antarctic
temperatures, if any, confirms the very low atmospheric sensitivity to CO2 and it cannot be responsible neither for the
termination of the glacial cycle, as Shakun et al. (2012) have rightfully acknowledged, nor of the modern warming which
started at the end of LIA. As far as very recent times are concerned, since 1958, Curry (2018) reports “ Temperature
reconstructions for Antarctic show little change in East Antarctic surface air temperatures, but warming since 1958 over
West Antarctic and the Antarctic Peninsula (Nicolas and Bromwich, 2014). Since the late 1990s, the Antarctic Peninsula
has cooled, decadal temperature changes for West Antarctic and the Antarctic Peninsula are within the large natural
climate variability (Turner et al., 2016; Smith and Polvani, 2017)” (Curry, 2018). In fact, a recent paper rather shows that
East Antarctica has been rapidly cooling in recent decades, with magnitudes reaching -0.7°C to -2.0°C per decade since
the mid-1980s (Obryk et al., 2020). How unfortunate, it seems that the whimsical climate does what it wants and does
not stick to AGW climate-illusionists injunctions.

It does not look like the house is on fire, doesn't it?

Actually, the Arctic displays some kind of unusual response since the mid of the 1980s, though it is not the first time as
the north polar cap shows a much greater sensitivity to weather and climate changes than the other pole; in that
respect the free e-book from Longhurst (2015) addresses very well this topic through its section 8.1-8.4 and its reading
is highly recommended. Let's start with a question: do you remember the settlement of the Vikings on the “Green
Land” with Erik the Red in 985, who was the first permanent European settler, during the Medieval Warm Period?. The
Icelanders established two colonies just after sailing past Cape Farewell, a headland on the southern shore of Egger
Island, Nunap Isua Archipelago at the southern extremity of Greenland, one on the extreme southwest coast known as
the the Eastern Settlement222 or Eystribyggð (which was in fact just close to the extreme South), now Qaqortoq, and the
Western Settlement, close to present-day Nuuk. The Norse settled at the head of long fjords and grew up to 4,000
inhabitants, with more than 500 groups of ruins of Norse farms known and a diet which consisted initially of 80% of
agricultural products and 20% marine food (Arneborg et al., 1999).

222https://en.wikipedia.org/wiki/Eastern_Settlement 
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This says a lot about the climate as it must have enabled at that time the growth of enough hay meadows during
summertime to feed livestock, and undoubtedly, around year 1000, Greenland was warmer and nearly devoid of ice a
significant part of the year, at least in most of the surroundings of southern fjords where the Eastern Settlement was.
From the 14th century on the Greenland Norsemen had 50–80% of their diet from the sea and had undergone an
adaptation process to climate change, but as stated by Dugmore et al.  (2010) it  is estimated “that the Norse had
achieved a locally successful adaptation to new Greenlandic resources but that their very success may have reduced the
long term resilience of the small community when confronted by a conjuncture of culture contact, climate change, and
new patterns of international trade”. In any case, a wedding solemnized in 1408, is the last recorded contact with the
colony, placing it  about 50–100 years later than the end of the more northern Western Settlement, the Norse are
considered to have deserted around 1,450 whereas the the Thule Inuit survived through the period of Norse extinction.
The more than 400 years of settlement ended by an abrupt collapse, due as always to cooling conditions and certainly
not warming, as the entire history of mankind tells us, and that we should remember if History is any guide. Today,
farming is still the main occupation in Qassiarsuk and the local sheep farmers in the area cultivate the same fields and
graze their animals on the same hillsides that the Norsemen used more than a thousand years ago, and they certainly
welcome the milder climate than that of the LIA.

Figure 80. The Sea  Ice  Thickness  and extent  provides  a  quick  look  at  Arctic-wide changes  in  sea  ice,  here  for  April  15,  2020,
somewhere around its maximum yearly extension as displayed in the superimposed sinusoid. Source: from the Danish
Meteorological Institute (DMI), as per http://ocean.dmi.dk/arctic/icethickness/images/.

As reminded by Longhurst (2015) “The entire record - in which 20th century temperature are rather similar to those of
the Mediaeval Warm Period - is marked by multi-decadal oscillations over 2-3°C so that, consequently, the observed
recent changes are  not  unusual either in scale or duration: the ice-core record of temperature thus  confirms historical
evidence (Kobashi et al., 2010)” and Kobashi et al. (2011) assert “Therefore, we conclude that the current decadal mean
temperature in Greenland has not exceeded the envelope of natural variability over the past 4000 years”. Furthermore,
as  explained  by  Longhurst  (2015) “But  the  present  glacier  retreat  is  not  a  uniform  phenomenon,  as  it  is  usually
portrayed. On Bylot Island, across Baffin Bay from the Greenland coast at about 73°N, a party of Canadian geologists in
summer 2009 found that almost all of the glaciers  were at their terminal moraines, implying a regional lack of glacier
retreat”. Checking the details of this information in Wielens et al. (2009) p. 25, one will be surprised to read “The
glaciers on Bylot Island are striking. Virtually all are at their end moraines, the ground-up rocks deposited farthest out
by the snout of the glacier, and crevasses are present only over 'steps' in the underlying bedrock”. Obtaining striking
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images of glaciers calving massive discharges of ice in the sea is better for publishing a successful paper in the news-
press, and  a well known site to obtain such pictures is the Ilulissat glacier (also known as Jakobshavn Glacier 223) which
calves abundant icebergs into Disko Bay and did so throughout the XX th century, the Titanic iceberg is thought to have
come from it in 1912. Thus the behavior of the glacier is very differential and the AGW meme puts the emphasis on the
glaciers that recede, as the Wikipedia paper does, forgetting all the others. But as will be next explained, the behavior
of the regional glaciers and of the Arctic more generally coincides with the influence of Atlantic waters through the
various oscillations known as the AMO e.g. (Chylek et al., 2011) or e.g. a negative phase of the NAO, i.e. anti-correlation
of (r=–0.84 to–0.93) with the Greenland temperatures (Chylek et al., 2004), etc. and not with any radiative imbalance.

Having reminded of the natural variability through historical and regional records, which is always a good start to make
an informed reasoning, clearly, since the mid-1980s, the mass balance has switched in Arctic, in fact the Decadal Mass
Balance (DMB) of the entire Greenland ice sheet  tilted from a mass gain of +47 ± 21 Gt/y in 1972–1980 to a loss of -51±
17 Gt/y in 1980–1990 but showed that  the ice sheet as a whole was near balance over the time period 1972–1990
(Mouginot, et al., 2018). Of course, to make such an assertion, a lot of modeling has to take place as the only way to
access with some reliability the evolution of the Total Mass Balance (TMB) is through the Mass Budget Method (MBM)
that provides information about the physical processes controlling the mass loss made 1) through the Surface Mass
Balance (SMB) processes made of accumulation minus runoff and other forms of ablation and 2) glacier dynamics (basal
ice mass flux into the ocean). Knowing precisely the TMB requires to assess the precise glacier fluxes into the ocean and
reconstruction of SMB over the ice sheet. The major change leading to a negative DMB is an increase of the basal ice
discharge under the influence of  tidewater glaciers responding to the Atlantic Multidecadal Oscillation224 (AMO). The
oceanic influence is always from where the triggers come and the action of the AMO in Arctic is mirrored somehow by
what is also happening in Western Antarctica where the tips of glaciers under the influence of oceanic tides also show
some increased discharge (whereas TMB is positive). As was said, the computation of TMB requires a lot of modeling to
determine on the one hand the accumulation of snowfall (from regional atmospheric climate models) and on the other
the mass loss based on Digital Elevation Model DEMs (using among other sources of information radar surveys and
airborne laser altimetry) which yields a time series of  glacier  thickness to calculate glacier fluxes with precision in
Greenland since 1972, i.e.  the start of the Landsat historical archive. Provided that one trusts the models, the discharge
has increased since the 1980s and especially the mid-1980s, but this comes as no surprise as when one looks at the
Arctic ice volume in the upper corner of Figure  80, one can visibly see that 2020 is at the bottom of the short-term
variability, but 2018 just 2 years ago was within the gray envelope representing the mean for the decade 2004-2013. 

Figure 81. GISS Surface Temperature Analysis (in Blue), Station Data: Reykjavik (64.1 N, 21.9 W) 225 Iceland and Atlantic Multidecadal
Oscillation (AMO) (in Red) “ESRL AMO index226” superimposed.  Eastern Arctic temperatures closely track the Atlantic
Multidecadal Oscillation, and show no correlation with atmospheric CO2. Source:  https://realclimatescience.com/arctic-
sea-ice-unchanged-from-60-years-ago/.

223https://en.wikipedia.org/wiki/Jakobshavn_Glacier 
224https://en.wikipedia.org/wiki/Atlantic_multidecadal_oscillation  is a climate cycle that affects the sea surface temperature (SST)

of the North Atlantic Ocean .
225https://data.giss.nasa.gov/cgi-bin/gistemp/show_station.cgi?id=620040300000&dt=1&ds=1 Directly  from  NASA  web  page

where one can get any data for any station wished.
226https://woodfortrees.org/plot/esrl-amo/mean:60/from:1897.5 
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Let's remind first that CO2 is a Well Mixed gas (WMGG), e.g. “Due to atmospheric mixing, the CO2 concentration in the
Northern and Southern Hemispheres should not differ by more than a few p.p.m." (Neftel et al., 1982) and “Air is well
mixed with only minor variation in CO2 content with latitude” (Latour, 2014). Thus, any explanation based on GHG
warming  applying  only  to  Arctic  and  not  to  Antarctica  does  not  hold,  the  limited  warming  in  Arctic  is  not  the
consequence of the observed increase of CO2. This is anyway what was stated by Chylek et al. (2006) in the clearest
way “To summarize, we find no direct evidence to support the claims that the Greenland ice sheet is melting due to
increased temperature caused by increased atmospheric  concentration of  carbon dioxide”.  As was presented while
addressing the oscillations and the oceanic currents and the scenario that enabled the Earth to exit the last glacial era
to  enter  the  milder  Holocene,  Arctic  has  proved  very  sensitive  to  the  influence  of  the  THC  and  of  the  Atlantic
Multidecadal Oscillation (AMO) in particular, to which it responds with the regularity of a metronome.

From  the  previous  Figure  81,  one  can  see  multiple  important  patterns,  first  Eastern  Arctic  temperatures  and
temperatures in Iceland show no alarming sign of warming (not above the 1930-1940 period representing a comparable
very short term variability, see also Mikkelsen et al. (2018) Fig.2 p. 6), and second and more importantly, they closely
follow the AMO with great regularity. Let's remind ourselves again that the AMO is an oscillation that affects the sea
surface temperature (SST) of the North Atlantic Ocean on multidecadal timescales and ocean circulation drives the
phase changes of  the AMO by controlling  ocean heat  content  and exchange.  McCarthy et  al.  (2015)  remind that
“Positive  (negative) phases of the AMO coincide with warmer (colder) North Atlantic sea surface temperatures. The
AMO is linked with decadal  climate fluctuations, such as Indian and Sahel rainfall,  European summer precipitation,
Atlantic  hurricanes  and  variations  in  global  temperatures”.  Furthermore,  ocean circulation appears  to  result  from
atmospheric triggers, refer to the NAO described before, through circulation changes between the sub-tropical and sub-
polar gyres, i.e. the inter-gyre region.

Studying the AMO variability over some decades, Ting et al. (2008) observe “However, the earlier warming trend in the
1930s and the cooling trend in the 1970s were connected mainly to internal variability”. They also report that beyond
the Atlantic surrounding which is under direct  influence of the AMO, its effects are felt much further and the largest
impact is over the Sahel region, where the warming trend of the AMO is associated with increased precipitation and
reversely the epoch of the Sahel drought of the 1970s and 1980s is associated with a cooling trend in the AMO and
opposite  for  the Yucatan peninsula  (Knudsen et  al.,  2011),  Fig.2.  All  that  reminds us  that  the climate is  first  and
foremost made of precipitations and natural variations (Koutsoyiannis, 2008), that it has always been the case and not
of a minuscule increase of CO2 concentration.

Figure 82. a) ~-7,000 years with significantly higher NH summer insolation than today, whereas it was lower in the SH (opposite in
winter) led to a shift of the ITCZ, located north of its present position, with the PF also displaced well to the north in the
North Atlantic sector. These conditions may be representative for the average conditions between -6,000 and -8,000. b)
Modern atmospheric systems of the North Atlantic region (may also represent average conditions for the period 0–3,000
years BP,  where an overall  ‘neo-glacial’  regime with more frequent  meridional  atmospheric  circulation patterns.  PF,
atmospheric Polar Front; ITCZ, Inter-Tropical Convergence Zone. The yellow arrows indicate the dominant wind directions
and explain why it rained 7,000 years in the Green Sahara, whereas dry Trade winds prevail today.  After Ting et al.
(2008).
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Ting et al. (2008) have shown, based on spectral analyses of high-resolution climate proxy records from the region
bounding  the  North  Atlantic,  that  distinct  ~55  to  70-year  oscillations  characterized  the  North  Atlantic  ocean-
atmosphere variability over the past 8,000 years and that AMO and NAO adapted to the shifts of the ITCZ and PF
(Figure 82). These authors also add “The AMO is also believed to influence regional to hemispheric-scale climate trends
as far away as the Tibetan Plateau and India , possibly through changes in the interhemispheric redistribution of heat ”.
The southward migration of the ITCZ and of the PF entailed a general change in the atmospheric circulation, including a
southward shift of the jet stream and Icelandic Low as well as a major change in the AMO circulation, leading to its
attenuation in the Arctic from a maximum during the HCO, and an increasing influence in the tropics.

Back to Greenland, Hofer et al. (2017) found that the important reduction in Greenland’s mass balance since 1995 is
caused by decreasing summer cloud cover having a warming effect from increased solar radiation with an enhanced
effect  on the low albedo ablation zone,  and that  summer melt  increases by 27 ± 13 gigatons 227 (Gt)  per  percent
reduction in summer cloud cover. More importantly, the observed reduction in cloud cover is strongly correlated with a
state shift in the North Atlantic Oscillation (NAO), promoting high-pressure conditions in summer that inhibits cloud
formation and also reduces precipitation. Thus, Hofer et al. (2017) conclude “that the enhanced surface mass loss from
the Greenland Ice Sheet is driven by synoptic-scale changes in Arctic-wide atmospheric circulation”. As Arctic climate is
decidedly not the result of simply more CO2, Wang et al. (2018) have shown that Cloud Radiative Effects (CRE) offer sort
of a regulating mechanism that balances the radiative energy budgets between the relatively cold and warm regions in
Greenland and they report that “in the accumulation  zone that currently occupies most of Greenland, clouds warm the
cold and bright surface to enhance snow metamorphism and snow melt, which tends to reduce albedo. In an expanding
ablation  zone  with  warming  climate,  CRE  becomes  increasingly  negative  as  albedo  decreases.  This  stabilizing
mechanism might also occur in the Arctic ocean and other ablation zones, where surface and cloud conditions are
similar to those in Greenland’s ablation zone, helping decelerate surface melt in the dimmer Arctic”. These stabilizing
feedback mechanisms involving clouds, snow-melt, snow metamorphism and surface albedo are also relevant as they
are not limited to Greenland but also influence the entire Arctic ocean.

As if the oceanic currents, the atmospheric circulation changes and the variable cloud cover feedback mechanisms were
not enough to bury CO2 at the bottom of the pile of the worries, precisely at the bottom lies another trouble maker,
some unexpected geothermal flux of an average intensity in the order of 93±21mWm −2, which in fact is seldom directly
measured but shows a high variability with reported values ranging from 20 to 40mWm −2 in  the south and up to
140mWm−2 in the central northern Greenland. In fact, this may explain the discrepancies between the observed and
simulated (again!)  ice  flows and this  may be due to  a  host  of  reasons to  be first  searched into  the models,  e.g.
inaccurate parameterization of basal motion, or of sub-glacial hydrology, but also of neglected heat sources that could
play a role from beneath the ice sheets. Local high melt rates and strong basal flows indicate geothermal gradients of
15 to 30 times higher than continental background values, and one should notice that East Greenland constitutes a
volcanic rifted margin that forms part of the Tertiary North Atlantic Igneous Province and that many hot geothermal
springs  [55-62°C]  are  spread  north  and  south  of  Scoresby  Sund  (Kangertittivaq).  This  high  geothermal  signature
corresponds  exactly  to  what  Rysgaard  et  al.  (2018)  report  by  presenting  the  first  direct  measurements  of  the
Geothermal Flux (GF) from beneath the deepest basin of the Young Sound-Tyrolerford system in Northeast Greenland
(74°N), asserting that “A compilation of heat flux recordings from Greenland show the existence of geothermal heat
sources beneath GIS and could explain high glacial ice speed areas such as the Northeast Greenland ice stream”.

As if that was not enough, a study by Rogozhina et al. (2016) unveils the particular geotectonic context that underlies
Greenland and prove that there exists a large geothermal anomaly,  1,200-km-long and 400-km-wide,  that spreads
across the continental mass and confirms the high GF observed in the Sound-Tyrolerford, but more importantly that
this anomaly was formed by Greenland’s passage over the Iceland mantle plume between roughly 80 and 35 million
years ago according to paleo-reconstructions of the plate motion. Rogozhina et al. (2016) observe that “the complexity
of the present-day subglacial hydrology and dynamic features of the north-central Greenland ice sheet originated in
tectonic events that pre-date the onset of glaciation in Greenland by many tens of millions of years”.

The question of whether this warming, at least until 2005 was exceptional was addressed by Chylek et al. (2006) and
they concluded that “Although there has been a considerable temperature increase during the last decade (1995 to
2005) a similar increase and at a faster rate occurred during the early part of the 20th century  (1920 to 1930) when
carbon dioxide or other greenhouse gases could not be a cause. The Greenland warming of 1920 to 1930 demonstrates
that a high concentration of carbon dioxide and other greenhouse gases is not a necessary condition  for period of

2271Gt = 1 Billion of tons
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warming to arise. The observed 1995 – 2005 temperature increase seems to be within a natural variability of Greenland
climate”. Thus, what should be reminded is that current Arctic ice retreat is largely within normal short (Mörner et al.,
2020) and longer term variability, if only for the Holocene when a much lower Arctic sea ice extent existed between
9,000 and 4,000 BP; many studies establish with confidence this evidence, with observations all  around the Arctic
ocean.

In the Canadian Arctic Archipelago a -7.0 kyr spring sea ice record for Victoria Strait and Dease Strait was determined by
quantification of the sea ice diatom-derived biomarker IP25 (Belt and Müller, 2013) and indicates lower spring sea ice
occurrences during the early part of the record between -7.0 to -3.0 kyr and for parts of the late Holocene -1.5 to
-0.8kyr  (Belt  et al.,  2010).  The Arctic Palaeoclimate and its  EXtremes (APEX) program has conducted studies in 18
different locations around the North pole and the Arctic ocean and the results are reported by Jakobsson et al. (2010)
who state “The combined sea ice data suggest that the seasonal Arctic sea ice cover was strongly reduced during most
of the early Holocene and there appear to have been periods of ice free summers in the central Arctic Ocean”. Stranne et
al.  (2014)  focus  on  paleo-reconstructions  during  the  Holocene  and  even  though  these  authors  acknowledge  the
difficulty to determine the paleo sea-ice extent they concur to recognize that parts of the Holocene were characterized
by less sea ice than now over large areas and potentially even sea ice free summers. They assert that between -10.0 to
-6.0 kyr the sea ice extent was reduced and they attribute it to  Early Holocene Insolation Maximum (EHIM) associated
with Earth’s orbital cycles as per Berger and Loutre (1991) calculations, around -9.2 kyr. Studying the Chukchi and East
Siberian Seas with biomarker proxy records, Stein et al. (2017) show that the early Holocene displayed a minimal sea
extent, some high-variability in sea ice extent during the mid-Holocene and a steady increase during the last 4.5 kyr and
attribute these changes to “changes in surface water and heat flow from the Pacific into the Arctic Ocean as well as the
long‐term decrease in summer insolation”, thus showing the importance of SST contributions to the Arctic climatic
state. In fact, the simple truth is that the current total Arctic sea and continental ice volume (measured in m of SLE)
has simply been steadily increasing for the last 5 kyr and notwithstanding minor recent variations (over 1 kyr) has never
been that big as reported by Mikkelsen (2017) and as very well visible on Fig. 1 in Mikkelsen et al. (2018), supplement
material p. 5.

Finally, if one wants to know where the Arctic sea ice will be and its extent, it seems that it is not towards the computer
models that one must turn himself or herself as they are well known to overestimate Arctic warming (Huang et al.,
2019). Figure 83, taken from Eisenman et al. (2011) shows the IPCC model forecasts for the summer minimum in Arctic
sea ice in the year 2100 relative to the period 1980–2000. As we can see, there is a model and a result that can satisfy
everyone. Lindzen says “It is a little like the formula for being an expert marksman: shoot first and declare whatever you
hit to  be the target”. Decidedly, reading in the digital coffee grounds will be a tough endeavor, as in that case the result
delivers everything in between [1%-88%] !. With that kind of “settled science” there is an obvious need to prosecute the
“deniers” as explained in section “Thought Police and the Fledgling of Eco-Dictatorship“, p 365.

Figure 83. Differences among the GCM projections of the rate of Arctic sea ice loss. Timeline toward seasonally ice-free Arctic Ocean
conditions indicated by Northern Hemisphere September sea ice extent during the twenty-first century scaled by the
1980–2000 mean September value for each model. From Eisenman et al. (2011).

As all geo-scientists have been knowing for a very long time, the Earth is a unique and extraordinarily complex system
and Mother Nature is not impressed by a +0.007% (max) CO2 increase of its overall atmospheric composition (70 ppm)
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and has many tricks in her sleeves. We have just seen here how changes in oceanic currents (THC / AMOC), sea surface
temperature cyclical variations (AMO), atmospheric oscillations (NAO), cloud cover modulation and albedo variations,
geothermal gradient and even a particular geodynamic context all contribute to the Arctic climate far more than a tiny
increase in a trace gas. Most geologists with an experience on the field know that and Dr. Donald Eschman will have the
final word: “Before I retired from my position as a geology prof I often took my students on field trips out to the glacial
deposits exposed in gravel pits west of Ann Arbor. In one very large pit (Killins gravel on Scio Church Road) the pit had a
two layered aspect. At the bottom was the well washed sand and gravel that was deposited as the Erie Lobe of the
Wisconsinian  ice  sheet  had  retreated  and  the  meltwater  pouring  off  the  front  of  the  ice  laid  down  thick  and
economically valuable outwash material. Must have been a time of ice retreat and presumably warmer climate. At a
later time the ice readvanced over the outwash gravel and laid down a thinner but very obvious layer of clayey glacial
till. The climate must have cooled to get the ice to re-advance and then the climate changed or stalled and the melting
ice lobe dropped it’s load of till (everything from fine clay to crystalline Canadian boulders as big as a car) on top of the
outwash deposits.  It’s situations like this that always made me dubious of the notion that the climate could only
change for the worse because of  man’s  actions.  What  could be more natural  than climate change”.  Dr.  Donald
Eschman
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“As a climatologist who has studied the Earth’s climate for nearly forty years, I have learned that carbon dioxide is not a
climate control knob; it is merely a minor player in climate change. Water vapor is the most important greenhouse gas
and it accounts for nearly 90% of the net warming of the planet due to the radiative impact of the Earth’s atmosphere.”
David R. Legates (2019).

“It is well known that strong to violent tornado activity in the US has decreased markedly since statistics began in the
1950s,  which has  also been a period of  average warming.  So,  if  anything,  global  warming causes FEWER tornado
outbreaks...not more. In other words, more violent tornadoes would, if anything, be a sign of 'global cooling,' not 'global
warming.” Roy Spencer

As  Pielke (2017) said in his address and testimony to the Committee on Science, Space and Technology of the U.S.
House of Representatives “Scientific evidence in support of the conclusions I presented to this committee in 2013 is even
stronger  today.  There  is  little  scientific  basis  in  support  of  claims  that  extreme  weather  events  –  specifically,
hurricanes, floods, drought, tornadoes – and their economic damage have increased in recent decades due to the
emission of greenhouse gases. In fact, since 2013 the world and the United States have had a remarkable stretch of
good fortune with respect to extreme weather, as compared to the past”. 

He then added “The lack of evidence to support claims of increasing frequency or intensity of hurricanes, floods, drought
or tornadoes on climate timescales is also supported by the most recent assessments of the IPCC and the broader peer
reviewed literature on which the IPCC is based” (Pielke, 2017). 

In fact, browsing through (IPCC, 2012) and (IPCC, 2013) one can only concur with Pielke (2017) and be surprised of the
harassment he reports having been victim of, for his honest stance and his unbiased report of the facts.

“There is low confidence in any observed long-term (i.e., 40 years or more) increases in tropical cyclone activity (i.e.,
intensity, frequency, duration), after accounting for past changes in observing capabilities”. SREX, p.8, (IPCC, 2012)

The better are the observations and the more accurate are the records, the less confidence IPCC have in an increase in
tropical cyclone activity.

“There is medium confidence that some regions of the world have experienced more intense and longer droughts, in
particular in southern Europe and West Africa, but in some regions droughts have become less frequent, less intense, or
shorter, for example, in central North America and northwestern Australia “ SREX, p.8, (IPCC, 2012)

So, there is no global drought trend but only regional phenomenons, some more some less intense or frequent.

“The uncertainties in the historical tropical cyclone records, the incomplete understanding of the physical mechanisms
linking  tropical  cyclone  metrics  to  climate  change,  and  the  degree of  tropical  cyclone  variability  provide  only  low
confidence  for  the  attribution  of  any  detectable  changes  in  tropical  cyclone  activity  to  anthropogenic  influences.
Attribution of single extreme events to anthropogenic climate change is challenging”. SREX, p.9, (IPCC, 2012)

If  it  is  challenging for IPCC and SREX authors to attribute any change in tropical cyclone activity to anthropogenic
influences, one can hardly imagine who will succeed!

“Projected changes in climate extremes under different emissions scenarios generally do not strongly diverge in the
coming two to three decades, but these signals are relatively small compared to natural climate variability over this time
frame.  Even the sign of projected changes in some climate extremes over this time frame is uncertain”.  SREX, p.11,
(IPCC, 2012)

The IPCC tells us that the natural variability is way bigger than the “signals” coming from their anthropogenic influence
scenarios and that in the end that they do not even know the sign (!), i.e. which is whether these climate extremes will
increase or decrease!
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“It is likely that the global frequency of tropical cyclones will either decrease or remain essentially unchanged. There is
medium  confidence  that  there  will  be  a  reduction  in  the  number  of  extra-tropical  cyclones  averaged  over  each
hemisphere” SREX, p.13, (IPCC, 2012)

The first good news, tropical cyclones are now forecast to decrease !

“There is low confidence in projections of changes in large-scale patterns of natural climate variability. Confidence is low
in  projections  of  changes  in  monsoons  (rainfall,  circulation)  because  there  is  little  consensus  in  climate  models
regarding the sign of future change in the monsoons. Model projections of changes in El Niño–Southern Oscillation
variability and the frequency of El Niño episodes are not consistent, and so there is low confidence in projections of
changes in this phenomenon”. SREX, p.16, (IPCC, 2012)

As seen before, large-scale patterns of natural climate variability are the most important part of these extreme events,
but it is unfortunate that even the sign of future change is beyond climate models. Well, the good news is that for once,
it is clearly stated that one just deal with models, software, simulations, i.e. nothing real.

“In some aspects of the climate system, including changes in drought, changes in tropical cyclone activity, Antarctic
warming, Antarctic sea ice extent, and Antarctic mass balance, confidence in attribution to human influence remains
low due to modeling uncertainties and low agreement between scientific studies" (IPCC, 2013) p. 115

One must congratulate here IPCC for their honesty, they know nothing. In fact this above statement could even make
them sympathetic for the first time as it would place them in the real of science for once, as per reminded by Harari
(2015) “Modern science is based on the Latin injunction ignoramus – we do not know. It assumes that we don't know
everything. Even more critically, it accepts that the things that we think we know could be proven wrong as we gain
more knowledge. No concept, idea or theory is sacred and beyond challenge”. Given what was stated before and how
uncertain things are, one should not be surprised that the AGW theory is no immune to critics. 

“Based on model results there is limited confidence in the predictability of yearly to decadal averages of temperature
both  for  the  global  average  and  for  some  geographical  regions.  Multi-model  results  for  precipitation  indicate  a
generally  low predictability. Short-term climate projection is also limited by the uncertainty in projections of natural
forcing” (IPCC, 2013) p. 115

IPCC acknowledge that they have very limited capabilities to forecast future Global Annual Mean Temperature (GAMT)
be they global  or  regional,  that  precipitations  are  beyond  scope and that  as  they do not  even master  the most
important “natural forcing” call it natural climate variability, short-term projection is also beyond their means.

“There is  generally  low confidence in basin-scale projections of  significant  trends in tropical  cyclone frequency and
intensity in the 21st century” (IPCC, 2013) p. 115

So, tropical cyclones are supposed to be less frequent, but IPCC does not know where at the basin-scale level.

“There is low confidence on magnitude of carbon losses through CO2 or CH4 emissions to the atmosphere from thawing
permafrost. There is low confidence in projected future CH4 emissions from natural sources due to changes in wetlands
and gas hydrate release from the sea floor” (IPCC, 2013) p. 115

At least one more scare that has low confidence. That one should be removed from the list of apocalyptic warnings one
is threatened with.

Another classical scare, the hydrological cycle and the droughts is dealt with (IPCC, 2013), p. 44 “The most recent and
most comprehensive analyses of river runoff do not support the IPCC Fourth Assessment Report (AR4) conclusion that
global runoff has increased during the 20th century. New results also indicate that the AR4 conclusions regarding global
increasing trends in droughts since the 1970s are no longer supported.” dismissing previous AR4 conclusions.

Finally, reading this Unlikely Physics of Climate Change (IPCC, 2013) had some merits, beyond the astonishing 1,732
occurrences (!) of the word or sub-word “likely” and the 190 occurrences of the word “unlikely”, which means that 190
times in this document were discussed unlikely or even more than unlikely conjectures, one knows now that IPCC does
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not know much and that the worse of the apocalyptic forecast of the doomsday sayers are not even endorsed nor
supported by IPCC who remain extremely cautious with respect to their ability to forecast or anticipate anything!

In fact, apart from those who make their bred and butter pushing the scare button, serious authors are extremely
cautious with any kind of human-related causation and, for example, as far as the North Atlantic Ocean is concerned
Villarini et al. (2011) “By using statistical methods combined with the current understanding of the physical processes,
we are unable to find support for the hypothesis that the century‐scale record of short‐lived tropical cyclones in the
Atlantic  contains  a detectable  real  climate  signal.  Therefore,  we interpret  the  long‐term secular  increase in  short‐
duration North Atlantic tropical storms as likely to be substantially inflated by observing system changes over time”.

The  testimony  of  David  R.  Legates,  on  28th October  2019,  before  the  House  Environmental  Resources  &  Energy
Committee is replete with highly relevant data and information relating to extreme meteorological events and Legates
explain  why,  for  obvious  reasons,  warmer  climate  is  not  only  better  for  general  plant  productivity  and  food
sustainability but also decreases extreme meteorological events contrary to what the scare mongers pretend. Legates
(2019) states “Warmer conditions, such as what we currently are experiencing,  exhibit  less climate variability than
colder conditions.  The Equator-to-Pole temperature gradient  drives the poleward transport  of energy in the climate
system. Under a warmer world, the Tropics warm but the Poles warm even more. Consequently, the Equator-to-Pole
temperature gradient lessens and the outbreak of much severe weather – driven by the interaction of cold polar air with
warm tropical air – diminishes. Hurricane landfalls,  for example, were much more frequent in South Carolina,  New
England, and China during colder periods”. Legates' statement is further supported by an extensive study by Liu et al.
(2001) considering a  1,000-Year History of Typhoon Landfalls in Guangdong, Southern China, where they state “ this
article, we produce a 1,000-year time series of typhoon landfalls for the Guangdong Province in southern China, based
on  Chinese  historical  documentary  records.  Remarkably,  the  two  periods  of  most  frequent  typhoon  strikes  in
Guangdong (AD 1660–1680, 1850–1880) coincide with two of the coldest and driest periods in northern and central
China during the Little Ice Age”

Then rightfully, Legates (2019) stresses that Mean Global Air Temperature(s) (MGAT) is not that which is important and
it should even be said that they contribute to the deception scheme that has been put in place, especially when trying
to present smoothed data over various time-periods in terms of “anomalies” with respect to the MGAT. In fact, this is
just meaningless and what people are interested in, are brutal daily or short-term shifts  and dangerous weather events
that create the most damage and cause the most deaths, not arguing about whether some adjusted measurements
(e.g.  Tropical  atmosphere)  show  that  MGAT  has  increased  by  less  or  more  than  +0.1°C/decade  (e.g.  satellites
+0.095°C/decade,  Balloons +0.073 °C/decade) when models,  having lost any credibility, forecast three times more.
Therefore  and rightfully,  Legates  (2019)  states  “So,  let  us  look  at  the  data...Next,  consider  hurricanes.  The global
number of tropical storms and hurricanes shows no net change since the satellite era began in the early 1970s. Neither
is there a significant change in the number of major hurricanes (Category 3-5) or in the number of hurricanes making
landfall. Consider also tornadoes. The annual number of tornadoes since the advent of the Next Generation of NOAA
weather  radars  has  not  changed  and,  in  fact,  the  number  of  strong  tornadoes  in  the  United  States  has  actually
decreased over  the  past  fifty  years.  In  addition,  the  length of  time between the strongest  tornadoes,  F5/EF5,  has
steadily increased over the same time period. Again, much of this can be explained by the reduction of the Equator-to-
Pole temperature gradient and the reduced contrast between warm, moist Tropical air and cold, dry Polar air that feeds
tornadic activity”.

Finally, on a more conjectural note following the dire events that occurred in early October 2020 in the South-East of
France, Météo France228 indicates "in the current state of analysis of the observations, there is no marked trend towards
an increase in the number of episodes of heavy rainfall in the South-East of France since it has been possible to record
them accurately (since 1958)". Within the frame of the HyMeX project (Ducrocq et al., 2014), the National Center for
Meteorological Research observes that the Mediterranean region is subject to a wide range of natural risks, including
heavy rainfall and flash floods in autumn (Beaulant et al., 2009), intense cyclogenesis associated with strong winds and
swells  in  winter and heat  waves and droughts accompanied by forest  fires in summer. These phenomena involve
complex non-linear interactions between processes covering a wide range of scales (from a few hours to a century) and
different  compartments  of  the  Earth  system  (sea,  air  and  continental  surfaces)  (CNRM,  2020a)  and  states  “The
evolution of the occurrence and severity of High Precipitation Events in the frame of climate change remains an open
question” (CNRM, 2020b). So, there is no need to jump to a foregone conclusion, even though this is what most of the
mainstream media have done, blaming the global warming for these.

228Météo France is the official government sponsored meteorological organization who fully supports the AGW thesis.
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So, it is not difficult to summarize where we stand: those who make baseless claims that extreme weather events will
increase due to a very minor increase of the Mean Global Air Temperature are just dead wrong and are most probably
performing an intentional deception as it cannot be supposed that they are so incompetent that they cannot come up
straight with the facts. The simple truth is that the facts do not support their narrative and that they cannot care less as
they are used to thwarting them and to mislead people and to go always further... Since 2003 and the curious paper by
Allen (2003) the outlandish idea of finding a culprit, even if there is none, for any flood or any adverse climate event has
grown and the  community  of  Extreme Event  Attribution  (EEA)  has  been  reported  as  taking  some importance  by
Jézéquel et al. (2018).

In fact, even though Stott et al. (2016) acknowledge from the beginning that “The evidence for human influence on the
probability of extreme precipitation events, droughts, and storms is more mixed” these authors endorse the idea that
some attribution could be made on an ad-hoc basis for such extreme events as if many extreme weather and climate
events had never occurred before. This approach is an extension of some flawed reasoning coming from their baseless
statement  “Societies  around the world  are  faced with increasing  climate  change  risks”  and shows how much our
modern societies have become unable to accept natural risks as an intricate and con-substantial part of life and how
people are self-deceiving themselves with the anthropic sin, always thinking that man is at the core to all processes, all
events, etc., be they good or bad. In a perfect example of circular reasoning, the Coupled general circulation models
(GCMs) which appear completely useless to forecast these events would be good enough for their attribution, you are
flummoxed, aren't you, so are we ! This is the sorry state of climate science and policies.

A very clear and not passionated truth about such extreme weather events can be assessed by observing the deaths
caused by climate disasters, it is very factual. In the 1920s, the number of deaths from climate disasters averaged
485,000 per year. In the last full decade, 2010-2019, there were an average of 18,357 per year, or 96% less. In the first
year of the new decade (2020), the initial estimated number of deaths from natural (climate) disasters was even lower
at 8,086, i.e. 98% lower than the 1920s average of the 20 th century. But of course, these numbers must be put in
perspective of the fact that since the 1920s, the world's population has quadrupled. With these data, one can easily
estimate the global risk of "death in a climate catastrophe" (in one year):

� In the 1920s it was 0.000243 (reference point);
� In 2010, 0.0000025 (down 99%);
� In 2020, 0.000001 (down 99.6%).

Figure 84. Climate-related death risk has decreased 99.6% since the 1920s. From Lomborg (2020b).

“Interestingly, basic meteorological theory tells us that extremes depend significantly on the temperature difference
between the tropics and the poles – something that is expected to diminish in a warmer world”. Richard Lindzen (2016)
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Claude Allègre is a well known French scholar (and politician), a geochemist who wrote hundreds of scientific papers
and a textbook that every student has read, i.e. (Allègre and Michard, 1973; 1974). Allègre was one of the two laureates
in 1986 of the Crafoord Prize229 awarded by the Royal Swedish Academy of Sciences for is work on “Isotope geochemical
relations”. Doubtful that the anthropogenic emissions of CO2 could have a great impact on the Earth's climate he wrote
a book “L’imposture climatique ou la fausse écologie” or “The climate imposture or false ecology” (Allègre, 2010). Of
course, the book was not at all well received to say the least and a journalist with no scientific training replied with
another book “the impostor is him” (Huet, 2010). As if that was not enough, the same clueless person durst write,
among so many similar insightful papers, an article in a mainstream media wondering “Climate and scientific debate: Is
Richard Lindzen credible?” (Huet, 2016). Would the reader need to check, which is doubtful, the answer is here 230. The
explanation to such situations is in fact given by Michel Audiard, a prominent figure on the French cultural scene of the
1970s (screenwriter and film director), who coined the following saying “Les cons ça ose tout. C'est même à ça qu'on les
reconnaît” that DeepL translates as “Idiots dare everything. That's even how you can recognize them...”. Of course, the
unrivaled clout of the science of these self-proclaimed defenders of the Earth, which can be summed up in less than
half a sentence “a CO2 increase of +0.007% of the overall atmospheric composition (70 ppm) will destroy the climate
and everything”, is beyond reach of the dumb skeptics and they feel so well supported by the medias, the NGO, the
UN/IPCC and the political powers that their contempt and arrogance is beyond limits.

Having reminded that, the reason why it is worth being back to Allègre's book, is that even though the author is a
perfectly knowledgeable geochemist, he mentions that fossil fuels should be spared because our children will also need
them (fine, always good to spare resources) but also says six times that he is worried of the acidification of the oceans.
Normally, I would used a quote of Monckton of Brenchley (2013) which seems to sum things up quite quickly and nicely
“Since the oceans already contain 70 times as much CO2 as the air, it would be impossible appreciably to acidify them
even if all the CO2 in the air found its way into the sea. Besides, the oceans are buffered by the rock basins in which they
move, and the buffering is homoeostatic, maintaining the present pronouncedly alkaline acid-base balance. So even the
fall-back  position  that  the  profiteers  of  doom  have  adopted  when  faced with  the  failure  of  their  global-warming
predictions – ocean “acidification” – has no rational  scientific basis”. But one cannot dismiss Allègre's statement with
such flippancy and there is a need to go further to try to understand where his qualms could come from and also gives
an opportunity to address an interesting subject, which should never be missed.

Seawater can be considered as the result of the neutralization of acids emitted from volcanoes (volcanoes release large
quantities of HCl, H2SO4, CO2) by bases coming from meteoric weathering (Sillen, 1961, 1967), with the addition of salts
dissolved from the ocean floor, especially near plate-spreading boundaries. The meteoric weathering is the result of the
freshwater discharge into the oceans. The total global freshwater discharge, excluding that from Antarctica, is about
37,288  ±  662  km3 yr−1 representing  7.6%  of  global  precipitation  or  35%  of  terrestrial  precipitation  (excluding� �
Antarctica  and  Greenland)  according  to  Dai  and  Trenberth  (2002).  As  freshwaters  have  a  significantly  different
geochemical signature, it is worthwhile to restart from the beginning and first address the chemistry of freshwaters and
then see the chemistry of the oceans and finally the interactions between both, especially given the importance of the
action of the biosphere at the interface.

There exists of course a difference between homogeneous chemical reactions in solution and reactions where there is
an interaction between the solution and a gaseous or a solid phase,  for  the geochemist  these will  correspond to
reactions involving the lithosphere and the hydrosphere or between the hydrosphere and the atmosphere. So, let's
make a start:
If the ions A and B react to give an insoluble compound AB, the law of mass action relating to reaction is written:
AB↘ � A + B and the solubility product231 is (A) . (B) = Ks and this relationship holds only if the solution is in presence of
the solid AB, otherwise this equation becomes: (A) . (B) < Ks .

229According to the the Royal Swedish Academy of  Sciences the eligible disciplines for the Crafoord Prize are chosen so as to
complement those for which the Nobel Prizes are awarded.

230http://www-eaps.mit.edu/faculty/lindzen/PublicationsRSL.html 
231Both ionic product and solubility product represent the product of the concentrations of the ions in the solution but the term

solubility product is applied only to a saturated solution in which there exists a dynamic equilibrium between the undissolved salt
and the ions present in solution. Parentheses ( ) refer to the activities and [ ] to the concentrations.
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Reactions within an homogeneous phase can be considered as an exchange of a particles (p) between two couples of
giver and taker (or donor and acceptor), (A1, D1 and A2, D2):  A1 + D2  � A2 + D1 with D1 � A1 + p and D2 � A2 + p
If the particle exchanged is a proton H+ we're talking about an acid-base reaction, the giver is an acid while the receiver
a base and if the particle exchanged is an electron e - this is a Redox (reduction–oxidation) reaction where the giver (the
reducing agent) undergoing oxidation by losing electrons and the taker (the oxidizing agent) undergoes reduction by
gaining electrons. The general case will be referred to as reactions of formation of compounds 232 (or complexes), of
compound and of ionic compound (complexes). Each of the couples of giver-taker (donor and acceptor) is characterized
by an equilibrium constant given by equation 163:
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whenever the particle p exists in solution (acid-base reaction or of compounding or complexation) or by an electrical
data,  i.e.  the normal redox potential  E0.  Whenever a  redox reaction is  met,  the chemical  species from which  the
electron is removed is said to have been oxidized, while the chemical species to which the electron is added is said to
have been reduced.
Water is involved into acid-base reactions (autoprotolysis of water) as it behaves either as an acid (reaction 164):

, � '� ',��, � 1 ���'� ',��, �'� 2  (164)

Or as a base (reaction 165):
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Acids such as AH + H2O → A- + H3O+ or AH → A- + H+ are totally dissociated in the water, they are called strong acids and
the corresponding bases A- have lost their basic properties. Bases stronger than OH - cannot exist in the water and the
corresponding  acids  do  not  show  any  acid  properties  any  longer,  they  are  said  inactive.  The  acid  dissociation
equilibrium constant or acidity constant is noted Ka and is written: Ka = ([A -][H+])/[AH]. From Ka we define the pKa
which is written pKa = - log 10Ka. Pka is usually used instead of Ka to determine the strength of an acid. We notice that
the stronger the acid, the smaller the pKa. Indeed, if the acid is strongly dissociated, the concentration [AH] becomes
low.
In the same way, water is both an oxidizing agent H2O + e- � ½ H2 + OH- and a reducing agent 2H2O = ½ O2 + 2H+ + 2e-

Thus, reducers stronger than hydrogen cannot exist in water (e.g. Na), therefore the corresponding oxidized form is
inactive in water (e.g. Na+) and oxidizers stronger than oxygen (e.g. F2) also do not exist in aqueous solution and the
corresponding reduced forms (e.g. F-) are inactive in water. For a solution where take place acid-base reactions or
compounding (complexation) reactions, activities of ions H+ hydrated and of the compounding ions species enable to
characterize the state of  the solution and the state of  dissociation of all  the corresponding giver-taker systems. A
logarithmic scale has been defined as for the pKa and we have: [H+ ] = 10-pH thus:
pH = - log10 [H+  ] and the same is true replacing H by C the compounding particle. The pH and the pKa are are then
related by the following relation: pH = pKa + log10([A-]/[AH])

In a similar but less direct way the redox state of a solution measured as its redox potential Eh, is measured by the
difference of potential between a platinum Pt electrode and a standard hydrogen electrode immersed in the solution.
This potential is linked to the concentrations of the redox systems in the solution by the Nernst equation 166:
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As a reminder, in pure water the law of mass action gives [H+] . [OH−] / [H2O] = constant, but as the dissociation of
reactions  164 is very small,  we obtain [H+]  .  [OH−]  = Kw which varies between 10-15 at 0° to 10-14 at 20°C. The two
following reactions are also of interest, i.e. a dissolved carbonic acid molecule can dissociate into a bicarbonate ion and
a free proton:

, � �'�� ,�'�
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with [H+] . [HCO3
−] / [H2CO3] = 4.15 10-7 = K1 = 10-6.38 

and a bicarbonate ion can dissociate to a positive hydrogen ion and a carbonate ion:
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with [H+] . [CO3
2−] / [HCO3

−] = 4.2 10-11 = K2 = 10-10.38

232The difference is that a complex is a structure consisting of a central atom or molecule weakly connected to surrounding atoms
or molecules while compound is a substance formed by chemical union of two or more ingredients in definite proportions by
weight.

233Protonation of water, i.e. addition of a proton to a molecule of water.
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To give a hint to the variety of natural pH, on average pH is 4-4.5 in peat bogs, 6-7 in rivers, 7.2 to 8.2 in rivers crossing
areas with limited vegetation, 8-8.4 in alkaline waters, 7.9-8.25 in seas (Doney, 2006 p. 62; Hofmann et al., 2011), and
8.6-10 in supersaturated basins. Among the ions present in significant quantities in natural waters, the only ones with
acid-base properties are carbonates, borates and silica. The high pK values of boric and silicic acids and their relatively
low concentration mean that they generally play only a secondary role. Therefore, the main acid-base system in natural
waters is H2CO3, HCO3

− and CO3
2−. So the pH prediction comes down to computing the pH of a solution of weak acids

and strong bases (carbonates and bicarbonates) partially buffered. The electro-neutrality of the solution will involve all
other ions: 
[Na+ ] + [K+ ] + 2[Ca2+ ] + 2[Mg2+ ] + [H+ ] +  … = [Cl- ] + 2[SO42- ] + [HCO3

− ] + 2[CO3
2− ] + [OH−] + ...

And we ca group together all the terms corresponding to ions without acid-base properties and write:
[Na+ ] + [K+ ] + 2[Ca2+ ] + 2[Mg2+ ] + … - [Cl- ] - 2[SO42- ] … =  [HCO3

− ] + 2[CO3
2− ] + [OH−] -  [H+ ] …

the ions of the first member of the equation are involved only through their overall charge, which is referred to as the
alkali reserve or Alkalinity, i.e. RB, unit of which is in Faraday per kilogram of �/kg.

The cations (e.g. Na+, K+, Ca2+, Mg2+ )come from two major origins, the hydrolysis of the silicates by weathering (partially
counter-balanced by aggradation reactions), e.g. :
(Anorthite) CaAl2Si2O8 +2 CO2 + 3 H2O -> Ca2+ + 2 HCO3

- + Al2Si2O5(OH)4 (Kaolinite) see Equation (69), p. 53
(Albite) 2NaAlSi3O8 +11 CO2 + 2 H2O -> 2 Na2+ + 2 HCO3

- + 4H4SiO4 + Al2Si2O5(OH)4 (Kaolinite)  see Equation (70), p.53 
and for the potassium feldspar:

(Orthoclase) � 8��A��' ��� , ��, �' �� 8��	 A�'�
���� � A� �'��', �	 (Kaolinite) (169)

and  from strong  bases,  e.g.  :  NaOH,  and  potassium hydroxide,  i.e.  KOH (lye)  and  much  less  soluble  magnesium
hydroxide, i.e. Mg(OH)2 and calcium hydroxide Ca(OH)2 (slaked lime).

The anions, e.g. Cl-, SO42- can be thought of as coming from the strong acids, hydrochloric acid, HCl and sulfuric acid,
H2SO4.

Rainwater  loaded with  soluble  compounds such as  SO2,  CO2 and highly  hydrolysable  heavy metal  chlorides  has  a
negative alkaline reserve (Alkalinity) and its CO2 pressure is close to that of the atmosphere, resulting in a pH between 4
and 5. Waters from river runoff in areas with little vegetation (mountains) have an alkaline reserve of 10 -4 to 10-3 �/kg,
is in equilibrium with atmospheric CO2 and has a pH between 7.2 and 8.2. The alkaline reserve of sea water is relatively
high, i.e. RB = [Alk] ≈ 2.34 × 10−3 �/kg or M234 for a chlorinity of 19‰ and a typical salinity of 35 g kg−1 (grams of salt per
kg of water). Given the high ionic strength of the solution, the dissociation constants of H2CO3 and HCO3

− are higher. The
pH varies very little around 8.1.

Na+,  K+, Ca2+, Mg2+ and Cl-, SO42- can be considered as pH-independent ions and their concentration is unaffected by
normal changes in the pH of the ocean water; more on ocean pH can be found in Tans (2009). Using [OH −] = Kw / [H+]
and the charge neutrality relationship 170:

U ', I V�U ��6 V�U , � V  (170)

one gets: [H+]2 + [Alk][H+] − Kw = 0
This quadratic equation has one real solution:

U ,� V� �
�

1 � 	�E & U ��6 V��U ��6 V 2 = 4.35 10-12 �/kg (or M) (171)

using pH = - log10 [H+] one gets with the above value pH=11.4!

As was indicated, a typical pH for the ocean is around 8.1 and the difference comes from the buffering of the weak
acids,  notably  carbonic  acid  H2CO3,  boric  acid  B(OH)3 and silicic  acid  Si(OH)4,  and  of  these  only  the first  plays  an
important role. Now, as explained by Cohen and Happer (2015) we imagine that we start buffering the highly alkaline
ocean (11.4) by dissolving CO2 while maintaining a PatmCO2 constant, and therefore replacing in the atmosphere all the
molecules dissolved in the ocean. Some of the CO2 molecules dissolved in the ocean will react to give carbonic acid235:

234For ocean chemistry the unit of alkalinity M (or equivalent) is usually taken to be one mole of elementary charge (one Faraday)
per kg of water.

235The hydration  equilibrium constant  at 25 °C is  called Kh,  which in the case of  carbonic  acid is  [H 2CO3]/[CO2]  ≈ 1.2×10−3 in
seawater.  Hence,  the majority  of  the carbon dioxide is  not  converted into carbonic  acid,  remaining as  CO2 molecules.  See
https://en.wikipedia.org/wiki/Carbonic_acid

212



�'� & , �'� , ��'�  (172)

and the ratio of the concentrations of the two uncharged species of dissolved inorganic carbon will be independent of
pH, but will depend on temperature. For simplicity, we will let the symbol  ∑CO2 describe the total concentration of
uncharged, inorganic carbon molecules in solution, therefore ∑unchargedCO2 = [CO2aq] + [H2CO3].

The concentration of uncharged dissolved inorganic carbon molecules  ∑unchargedCO2 in the surface water will  be
proportional to the partial pressure PCO2 (in atmospheres) of the CO2 molecules in the gas phase: 
∑unchargedCO2 = α PCO2, where α = 2.84 × 10−2 M atm−1. The numerical value of the coefficient α for Henry’s law  is from
the work of Weiss (1974) for a temperature of 20°C (close values were proposed by Buch, then Lymann, i.e.  α = 2.84 ×
10−2 ) see also Sander (2015).

Starting from the dissociation of a carbonic acid molecule into a bicarbonate ion and a free proton (reaction 167):
H2CO3 <=> HCO3

− + H+,  we can write the equilibrium concentrations of  ∑unchargedCO2 species associated with the
previous reaction as with [H+] . [HCO3

−] = K'1 ∑unchargedCO2 where K'1 = 10.00 10-7 �/kg (or M) with value of K'1 at 20°C
from Mehrbach et al. (1973). Replacing ∑unchargedCO2 by α PCO2, in the previous equation gives: 
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A bicarbonate ion can dissociate to a positive hydrogen ion and a carbonate ion: HCO3
− <=> CO3

2− + H+ and with mass
action law for the sea-water:

U ,� V % U �'�
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 U ,�'�
I V where K'2 = 7.69 10-10 (174)

Using equations (173) and (174) one easily gets:
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Taking into account all chemical species in presence, the equation of neutrality (170) must be re-written:
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(I V (176)

thus substituting (175) and (173) into (176) one gets the following equation:
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For positive alkalinity [Alk] > 0 and partial pressure PCO2 > 0, the cubic equation (177) for [H+] has three solutions, two
non-physical solutions where [H+] is either a negative real number or has an imaginary part, and one where [H +] is a
positive real number.

Figure 85. pH of ocean water and rain water versus concentration of CO2 in the atmosphere. Calculated with (7f) ; Ocean alkalinity
[Alk] = 2.3 × 10−3 M. Rain alkalinity [Alk] = 0. Temperature T = 25°C. After Cohen and Happer (2015).

Figure  85, calculated with equation (177) shows that for a doubling a CO2 to 800 ppmv, the pH will only marginally
change, if the doubling happened at T constant. We will see that this is not the case, as T has slightly increased 236, but

236To set ideas, if at 15°C the pH is of 8.21, it is of 8.13 at 20°C and goes down at 8.05 at 25°C. pH decreases with increase in
temperature. But this does not mean that water becomes more acidic at higher temperatures, because the neutral point also
depends on the temperature. One can use the following tool: https://pubs.usgs.gov/of/2010/1280/ (Robbins et al., 2010).
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the impact on pH remains extremely small. As a result, between summer and fall, the pH of a given location can vary
from 0.16.

Figure 86. Inorganic carbon in ocean water: bicarbonate [HCO3
−], carbonate [CO3

2−] and total [C]= Total Dissolved Inorganic Carbon=
∑unchargedCO2  + [HCO3

−] + [CO3
2−] versus concentration of CO2 in the atmosphere. Calculated with (7f), (7d),  (7b) and

∑CO2 = α PCO2, under the assumption of complete chemical equilibrium. The ocean alkalinity is [Alk] = 2.3 × 10 −3 �/kg (or
M) and the temperature is T = 25°C. After Cohen and Happer (2015).

The partitioning of dissolved inorganic carbon in the ocean between uncharged species, bicarbonate and carbonate
ions is shown in Figure  86, which was calculated with equations (176), (175), (173) and  ∑unchargedCO2 = α PCO2. At
current atmospheric levels of CO2, about 400 ppm, most of the dissolved inorganic carbon consists of bicarbonate ions.
Would atmospheric CO2 levels increase (and pH slightly decrease), the concentration of bicarbonate ions will also slowly
increase, and the concentration of carbonate ions will slowly decrease. The buffering of ocean alkalinity is mainly due to
dissolved CO2, other weak acids make a minor contribution, the next most important buffering specie in the ocean after
dissolved CO2 is boric acid, B(OH)3, for more see Zeebe et al. (2001).  But to be clear, the graph displaying the ocean
buffering with only  CO2 or with  CO2 + boric acid as displayed by Cohen and Happer (2015) Fig. 5, is so similar that it
shows how little impact boron has, given that the two curves are hardly discernible.

Figure 87. Bjerrum plot of inorganic carbon in ocean water: DIC species met at 25°C and constant salinity as a function of pH with
uncharged species [CO2(aq)] + [H2CO3] , bicarbonate [HCO3

−], carbonate [CO3
2−]. Source Wikipedia237.

This  brief  study  of  the  variations  of  the speciations  depending  on  an  increase  of  pCO 2 as  displayed  Figure  86 is
conducted for a constant  temperature and shows that  while the ocean pH is  very insensitive to CO 2 atmospheric
variations, species concentrations will also change very slightly in such a scenario: for a small pH decrease due to a
doubling of pCO2, [CO3

2−] (already very low) will decrease further while [HCO3
−] will increase until pH=7.6. Figure  87

covers a much wider range of pH [4-12] and shows the four DIC species met and their proportions in molar fraction of
DIC. But of course, the very reason why one wonders how the chemistry of the oceans will react is because of a rise of
the temperature, i.e. SST, which of course will reduce the solubility of the gas dissolved (Copin-Montegut, 1988), CO2

237https://en.wikipedia.org/wiki/Bjerrum_plot
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first  and foremost  and therefore this  will  counter-balance the very small  decrease of  pH that  was calculated and
displayed on Figure 85.

This is exactly what is reported by Jiang et al. (2019) as they observe that “When water temperature increases, the
extra H+ from the dissociation of HCO3

− and H2O will react with the most abundant carbonic species in the ocean, HCO3
−,

driving it to build up excess aqueous CO2 (CO2*). In the above example, when temperature increases from 20 to 25 °C,
[CO2*] increases by 0.82 µmolkg−1, which would translate to an fCO2 increase of ~25 µatm if CO2 solubility (K0) were not
to change.  In reality,  K0 decreases with increasing temperature,  and the change of  K0 alone would cause fCO2 to
increase by an additional ~53 µatm, twice as much as that from the change of [CO2*]. In summary, when temperature
increases, the changes of both [CO2*] and solubility (K0) work together to create a tendency for seawater to degas CO2

to the atmosphere, lowering the DIC/TA ratio, thus raising both pH and aragonite saturation state”. One can sum up
stating that there are 4 measurable parameters of the carbonic acid system in seawater: pH, Dissolved Inorganic Carbon
(DIC)238, Total Alkalinity (TAlk)239, and CO2 partial pressure (pCO2)240. Dore et al. (2009) state that “any pair of these can
be used to describe the entire system; however,  such calculations rely on empirically derived apparent dissociation
‘‘constants,’’ which are themselves functions of temperature and salinity”.

As anticipated, the effect of a change of solubility with an increase of temperature, which is the direct consequence of
Henry's law, is to create an out-gassing of the ocean which more than offsets the increased effect of a rise in patmCO2.
Let's remind that  pCO2 = K0 [CO2 (aq)], where  pCO2 is the partial pressure of CO2 in the gas phase, K0 is a solubility
coefficient, and CO2 (aq) is the concentration of CO2 dissolved in the water. The solubility of CO2 in water is a function of
both the temperature and the salinity of the water, with one relationship from Weiss (1974): 
ln (KO) = -60.2409+93.4517(100/T) + 23.3585 ln (T/100) + S(0.023517-0.023656(T/100)+0.0047036(T/100)2)
where the solubility coefficient (KO) has the units of mol kg-1 atm-1, temperature (T) is Kelvin, and salinity (S) is in parts
per thousand. Note that for non-saline waters, the second term of the equation becomes zero. Furthermore, the two
temperature dependent processes, i.e. chemical speciation vs. gas exchange tend to cancel each others and as a result,
surface ocean pH shows very little latitudinal variation, pH only varies from 8.09 to 8.11, i.e. hardly anything. Upwelling
equatorial and tropical waters, with lower pH, tend to degas substantially more than polar or temperate waters and
even though they show the lower pH they also tend to react less to variations of  patmCO2  .  The spatial variation of
surface  ocean  pH is  finally  mainly  attributable  to  air-sea CO2 disequilibriums driven by temperature  changes and
upwelling on regional scales and not on global changes in patmCO2 , and Dore et al. (2009) can be quoted in that respect
“Air-sea CO2 fluxes, while variable, did not appear to exert an influence on surface pH variability”.

Jiang et al. (2019) conclude stating “From 1770 to 2000, the global average surface ocean pHT decreased by ~0.11±0.03
(spatial variability) units”. Not only does that change appear to be very small, but it should be considered not forgetting
that seawater pH measurements date back to the beginning of the 20th century (so in order to make reconstructions
back to 1770 there  is  a  need for  some model  or  else  but  no reliable  measured data  are  available  before  1924).
Furthermore, very few historical pH data are adequate for studying the global pH distribution (Dore et al., 2009) and
prior to 1989,  seawater pH was typically measured using glass  electrodes with uncertainties as much as 0.1 units
(Dickson,  1993),  therefore  measurement  uncertainties  represent  as  much  as  the  supposedly  “true  signal”  that  is
reported by Jiang et al. (2019). It simply seems unrealistic to have an estimate of the average pH for the world ocean, at
the surface, with the precision indicated using proxies.

Once again we are faced with historical errors in the data series being as big, if not larger for most of the period
covered, to the results, and one will hardly sense an urgent and critical problem, given the fact that much larger pH
changes are due to the biological  pump, diurnal  cycles and specific  regional  conditions,  e.g.  estuaries,  coasts,  etc.
(Duarte et al., 2013). Again, natural processes such as SST changes and oceanic currents appear largely responsible for
the pH variations observed as reported by Wu et al.  (2018) “High-amplitude oceanic pH changes,  likely related to
atmospheric  CO2 uptake and seawater dissolved inorganic  carbon fluctuations,  reveal a coupled relationship to sea
surface temperature variations and highlight the marked influence of El Niño/Southern Oscillation and Interdecadal

238DIC = [CO2] + [HCO3
−] + [CO3

2−] which is 90% in the form of bicarbonate ion HCO3
−, 9% in carbonate ion CO3

2− and 1% in carbonic
acid H2CO3 or CO2

239Talk: Total Alkalinity, i.e. [HCO3
-] + 2[CO3

2-] + [B(OH)4−] + [OH−] + [HPO4
2−] + 2[PO4

3-] + [H3SiO4
−] + 2[H2SiO4

2-] + [HS−] + 2[S−]+ [NH3
+]+

[Org−] − [H+] − [H3PO4] where Org− represents a collective term for organic acids. TAlk = [C-Alk]+ [NC-Alk]+ [OH −] − [H+] where C-
Alk is the sum of carbonate and bicarbonate, and NC-Alk is the net contribution of non-carbonate species to alkalinity (Millero,
2007)

240https://biocycle.atmos.colostate.edu/shiny/carbonate/ shows how the pH changes when the 3 other parameters are modified.
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Pacific Oscillation. We suggest  changing surface winds strength and zonal  advection processes as the main drivers
responsible for regional pH variability”.

To give some perspective to the changes previously reported, i.e.  ~0.11±0.03 over 230 years (when we do not even
have one century of measures), it is worthwhile to mention that, e.g. in the Monterey Aquarium (CA) the pH varies
between 7.65 and 8.2 depending on the season and the year without any apparent effect on the animals and plants
presented. Variations in alkalinity and salinity greatly influence pH and determine it far more than anything else. This
sham of ocean acidification was apparently fabricated in the early 2000s by Ken Caldeira (from the Carnegie Institution
for Science) who is known to have coined the term241, with a horrific film financed by the lobby group or "NGO" NRDC,
Natural Resources Defense Council.

Figure 88. 550  Myr  of  Paleolatitudinal  distribution  of  2910  reef  sites  through  pre-Quaternary  Phanerozoic  time.  Shaded  area
indicates modern reef zone, and enveloping pair of lines demarcates inferred width of ancient tropical reef zone. Thick-
line  ellipses  indicate  distinct  high-latitude  reef  provinces,  dashed-line  ellipses  refer  to  isolated  reefs  of  problematic
affinity, and angular blocks indicate significant reef gaps in low latitudes. Straight dashed lines demarcate major mass-
extinction events. Note that, compared to today, the ancient reef zone was often more confined. After Kiessling (2001).

Caldeira, already some time ago run the scare tactics full speed in a paper entitled “Coral reefs may start dissolving
when atmospheric CO2 doubles” and with his co-authors Silverman et al. (2009) state “Finally, we are aware that coral
reefs were exposed throughout their geological history to higher temperatures and CO2 levels than at present and yet
have persisted. The geological record however reveals that coral reefs have undergone many cycles of expansion and
decline that lasted several millions of years”. Surprisingly, what they do not say is that coral reef faced nearly extinction,
not during warmer time with a lot more CO2, but during glaciations when a lot more CO2 was dissolved in the oceans,
i.e. up to 850 billion tons more (Anderson et al., 2019) and reduced upwelling (Anderson et al., 2019),  and a lot less
remained in the atmosphere, because of lower SST and because of Sea Level Fall (SLF) that left them emerged as more
water was trapped in the polar ice sheets and as their ecosystems were destroyed (Kleypas, 1997).

Generally speaking and as visible on the Figure 88, what corals seem to dislike the most are ice-ages during which coral
reef extent was reduced by 80% and carbonate production was reduced by 73% relative to today (Kleypas, 1997), and
their latitudinal extension recedes the most during the Marinoan glaciation (ca. 645-635 Myr), the Andean-Saharan
glaciation (ca -460 to -420 Myr), the Karoo glaciation, (ca -360 to -260 Myr) and even more recently and in an obvious
way on Figure 88 during the Oi-1 glaciation (~33.8–33.6 Myr ago) and Oi‐2b global glaciation event (26.7 Myr ago), or
Mi-1 (23.8 Myr) with a coral extinction according to Zachos et al. (2001), Fig. 2. One should also remember that life is on

241Kolbert  (2016)  “Caldeira  told me that  he  had chosen  the  term “ocean acidification”  quite  deliberately,  for  its  shock  value.
Seawater is naturally alkaline, with a pH ranging from 7.8 to 8.5—a pH of 7 is neutral— which means that, for now, at least, the
oceans are still a long way from actually turning acidic”. In doing so Caldeira does politics and seeks to influence public opinion.
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a continuous evolving track, always adapting to new conditions and various authors studying the evolution of marine
life, e.g. (Di Martino et al, 2018) or specifically coral reefs over time, e.g. Budd (2000) or López-Pérez (2017) revisiting
the Cenozoic History and the Origin of the Eastern Pacific Coral Fauna observed striking natural changes over short
geological periods, e.g. “The highest numbers of genera (>11) and species (>12) correspond with the middle Eocene to
early  Miocene  of  Central  Chiapas,  and  the  late  Eocene  of  Panama;  Based  on  coral  occurrences,  species  richness
increased during the Late Eocene/Early Oligocene (55 species), decreased during the early and middle Pleistocene (5
species), rose again during the late Pleistocene (13 species) and finally peaked again during Recent times (46 species).
Quantitative  analysis  of  presence/absence  coral  data  suggests  that  during  the  last  six  million  years,  Gulf  coral
communities and reefs experienced dramatic turnover, in particular (a) the extinction of Caribbean-related regional
endemics, and (b) since the middle Pleistocene, the steady arrival of Info-Pacific taxa likely via the North Equatorial
Counter Current.”. Everybody knows that life is and has always been evolution and adaptation.

Furthermore, though the reconstructions from Pearson and Palmer (2000) based on the usage of Boron isotopes 242,
could trigger a lot of discussions as knowledge of the relationship between δ 11B and pH remains incomplete for many
taxa, see Guillermic et al. (2020), one will just remember that they asserted that pH during the Paleocene and early
Eocene were probably as low as 7.4 and this did not lead the coral reefs to disappear either. One should be extremely
cautious with these pH reconstructions as potential secular variation of the seawater boron isotope composition may
occur. Furthermore, the limitations of the analytical precision, the temporal resolution and/or location of the sediments
analyzed for δ11B have generally not brought a clear evidence of the tight coupling between atmospheric pCO 2 and
surface  seawater  pH.  Other  limitations  arise  from  isotopic  offsets  between  foraminifera  species,  shell  size  and
dissolution effects (Hönish and Hemming., 2005). Furthermore, 57% of the variance in alkalinity is defined by salinity
and  [Alk] is directly involved in pH calculations, see (7f). One can surmise that pH changed significantly but bringing
conclusive evidences is rather difficult to provide.

We're  full  in  the  anthropocentric  sin.  Corals  belong  to  extremely  various  types  with  very  diversified  biological
organizations and they have thrived throughout all changes during the last 550 Myr as displayed Figure 88! Including
impacts from asteroids, massive volcanic eruptions, ice-ages, up to 20 times more CO 2 than now (see Figure  52) and
what else, but an increase of 0.007% will dissolve them into oblivion as if they had gone from the surface to under the
ACD243 overnight! Of course, as the scare tactics do not dissolve the reefs nor turn fantasies into reality and coral reefs
are  flourishing and not  graveyards as  pretended by  McCarthy (2019),  the only  remaining possibility  is  to  fire  the
trouble-makers, those who say that there is no urgent problem. This is what happened to Pr. Peter Ridd who had been
working for 28 years for James Cook University (JCU); he was sacked and JCU spent more than 640k$ in legal advice and
support to get rid and silence the opponent244. As Jennifer Marohasy summarizes “It is not Peter Ridd’s personal opinion
that the corals are alive, and the Great Barrier Reef resilient to climate change. It is fact. I’ve seen the coral reefs whose
health is contested with my own eyes: they are very much alive. What is dead is academic freedom in Australia”.

What needs to be addressed is that the system considered demonstrates a double level of homeostasis, first strictly
speaking on the physico-chemical level the pH changes are small with respect to the pCO 2 variations and increasing CO2

concentrations have an increasingly  smaller  effect  on ocean pH (Figure  85)  and second life  plays  a  major  role  in
buffering the reactions observed as conjectured early by Ericksson and Welande (1956) and rightly formulated in what
is now know as the the Gaia theory by Lovelock (1972) and Lovelock and Margulis (1974) “ if life has merely a passive
role in cycling the gases of the air  then the concentrations will  be set  by equilibrium chemistry;  in fact they most
certainly are not. If life actively cycles the gases then we ask how could such a system be stable in the long run without
homeostasis?”. The atmosphere is of course not alone to be concerned by the Gaia theory, the oceans also show this
strong interaction between the physico-chemical environment and the biota it hosts, this interaction determining at the
end the conditions observed; all living species inhabiting the ocean have contributed to adapt to their needs for a
better survival. This is why, pH does not mainly react to simple  physico-chemical equilibriums but is set by many other

242The boron-isotope (δ11B) approach to pCO2 estimation relies on the fact that a rise in the atmospheric concentration will mean
that more CO2 is dissolved in the surface ocean, causing a reduction in its pH. Thus the pH of ancient sea water can be estimated
by measuring the boron-isotope composition of calcium carbonate (δ11Bcc) precipitated from it. This is because boron in aqueous
solution occurs as two species, B(OH)3 and B(OH)4-, between which the equilibrium is strongly pH-dependent over the natural
acidity range of sea water. Furthermore, there is a pronounced isotopic fractionation between the species of approximately
-19.5‰, so that the  δ11B of each species is highly dependent on pH. Because boron incorporation into marine carbonates is
predominantly from B(OH)4-,  δ11Bcc  is a sensitive pH indicator. For the usage of foraminifera see  (Foster and Rae, 2016) and for
diatom opal (Donald et al., 2020).

243Coral reefs are mainly made of aragonite, thereof the reference to ACD and not CCD.
244https://jennifermarohasy.com/2020/07/university-appeal-upheld-peter-ridd-loses-we-all-lose/ 
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phenomenons where the biosphere plays a major role, this is referred to in this case as the Biological Carbon Pump
(BCP), and neither the biological pump nor the ocean circulation are in a steady state as, e.g. oscillations like El Niño - La
Niña, NAO, PDO, etc. all affect upwelling which has a far greater effect on pH by bringing back to the surface CO 2

enriched waters with a lower pH than direct exchange of atmospheric CO2 with surface waters (deep waters have a
lower temperature and a lower pH as DIC increases, e.g. see the profiles from Ben-Yaakov and Kaplan (1968)).

Furthermore, as explained by Steele (2016, 2020) “far from being catastrophic, not only is a pH range between 8.4 and
7.7  experienced  daily  in  thriving  coral  reefs,  that  range  appears  to  be  an  optimal  balance  that  supports  both
photosynthesis  and  calcification!”.  The  reason  is  that  through  the  effects  of  photosynthesis,  respiration  and
calcification245, coral reefs can experience a pH hovering around 8.5 or higher during the day followed by a low pH of 7.8
or lower at night246 and careful surveys of the reefs led, e.g. Kline et al. (2015) to state “As with many other reefs, the
nighttime pH minima on the reef flat were far lower than pH values predicted for the open ocean by 2100 ”. The two
essential reactions are:
1) Photosynthesis (simple Equation is 65, p.50) but observe how protons are used in a more complete formulation:
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and
2) Calcification / dissolution 
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These three essential  activities photosynthesis,  respiration and calcification together with winds, tides and oceanic
currents drive the pH and not the dissolution of CO2 at the interface between surface waters and the atmosphere,
which only has a marginal influence, wrong causation again. As far as photosynthesis is concerned, generally and not
only limited to coral reefs species, Mackey et al. (2015) discuss the impact of Ocean Acidification (OA) and state “we
discuss  the  current  state  of  knowledge  about  the  effects  of  increased  CO2 on  photosynthesis  across  marine
photosynthetic taxa from cyanobacteria and single-celled eukaryotes to marine macrophytes. The analysis shows that
photosynthetic responses to OA are relatively small for most investigated species and highly variable throughout taxa”.

Shallow-water  reef-building  corals  are  able  to  thrive  in  low-nutrient  tropical  waters  via  their  symbiosis  with  a
dinoflagellate algae commonly referred to as zooxanthellae. In order to sustain photosynthesis, corals actively pump
hydrogen ions (H+) into the vesicles encapsulating their algal symbionts. This lowers its internal pH to truly acidic levels
between pH 4 and 5 and Barott et al. (2015) explain “that coral host cells acidify the microenvironment where the
symbiotic  algae  reside using  a proton pump,  the  V-type H+ATPase (VHA),  which  is  present  in  the  host  membrane
surrounding the algae”. This increases H+ concentrations up to 10,000 times greater than any theoretical contributions
to surface waters by atmospheric CO2. If coral do not acidify their symbionts’ surroundings, the limiting supply of CO 2

would dramatically decrease the rate of photosynthesis (Steele, 2016). Furthermore,  coral growth and calcification is
supported by the translocation of fixed organic carbon by the same algal symbionts of the genus Symbiodinium and
Barott et al. (2015) add “In addition to providing corals with a source of metabolic energy, symbiont photosynthesis is
hypothesized to promote coral calcification by supplying precursors for the skeletal organic matrix and by buffering the
protons produced during precipitation of the coral’s calcium carbonate skeleton”. Definitely, the pH of the surface water
of the open ocean does not tell  much of the complex story happening in the symbiotic organisms partnering 247 to
ensure optimal execution of the three essential vital functions of the organisms of the reef: photosynthesis, respiration
and calcification. 

Furthermore oceanic oscillations on decadal or multi-decadal scales have an impact on the reef equilibrium either
through  trends  in  wind  or  currents  strength  and  can  further  magnify  biological  effects  causing  pH  to  trend
independently of atmospheric CO2. As explained by Steele (2016) “CO2 generated by calcification does not completely
outgas and thus changes in the rate at which reefs are flushed with open ocean water will modulate how calcification

245Photosynthesis makes the glucose that is used in cellular respiration to produce the Adenosine TriPhosphate (ATP), that provides
energy to drive many processes in living cells, e.g. muscle contraction, nerve impulse propagation, condensate dissolution, and
chemical synthesis. The rate of photosynthesis (happening only during sunlight) is usually faster than respiration (which happens
all  the  time),  so  plants  or  phytoplankton  produce  more  oxygen than they  need for  themselves.  Cellular  respiration  is  the
biochemical process in which the cells of an organism (e.g. bacteria) obtain energy (ATP) by breaking down Glucose into carbon
dioxide and water using using oxygen (aerobic).

246 A pH of 7.8 is already reached at a depth of 100 meters, yet many organisms live in this area and are not affected!
247The "upwellings", depending on the winds, will bring acidic water to the surface, and locally modify the pH of the sea water. They

will also cause many modifications in the structure of the phyto- and zooplanktonic communities, (the upwelling bring nutrients).
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affects surface pH. In contrast to Caldeira’s “lifeless” pH models that suggest pH has dropped from 8.2 to 8.1 since
preindustrial times, a study of pH since 1700 AD on Flinder’s Reef in the Great Barrier Reef concluded pH has oscillated
between 8.15 and 7.9 every 50 years. During a positive Pacific Decadal Oscillation and El Nino years, trade winds slowed
and reduced the flushing rate of the reef. As a result there was a build up of CO2 released from calcification and average
pH dropped pH to 7.9. When winds increased during a negative PDO and more La Ninas, the reef was flushed and pH
rose to 8.15. Several studies have linked changes in pH driven with multidecadal oscillations”.

Caldera's reef model does not describe the complex interactions of symbiotic species living in ever changing conditions
with oceanic and atmospheric cycles and oscillations but resemble a pack of aragonite crystals that are immersed in a
solution in a laboratory where one would increase the atmospheric pCO2  as it it were the only parameter having an
impact  on  so  complex  biological  environments.  As  seen  before,  when  more  CO2 dissolves  into  seawater,  and  by
decreasing the carbonate ion  concentration (Figure  86 and  87)  it  lowers  the pH and shifts  the equilibrium of  the
carbonate system. This lowers a chemical property of seawater known as the calcium carbonate saturation state or Ω
given by equation 180. Seawater Ω is a function of [CO3

2−] and of the concentration of the ion calcium [Ca2+] as follows:
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where Ksp is the solubility product of a specific CaCO3 mineral polymorph, (e.g. aragonite belongs to the orthorhombic,
crystal system, calcite is trigonal and vaterite is hexagonal like crystals of ice and is seldom met as less stable than the
two  other  forms  and  more  soluble)  at  a  specified  temperature,  salinity,  and  pressure.  Starting  from  the
thermodynamics  of  inorganic  CaCO3,  precipitation  and  dissolution  can  largely  be  described  by  seawater  Ω,  with
precipitation occurring at  Ω >  1 and dissolution at  Ω < 1 and people investigated the calcification rates of organisms
such as corals in seawater of varying Ω by manipulating bulk seawater content,  [CO3

2−] and [Ca2+] (e.g. Gattuso et al.,
1998) and have drawn hasty conclusions thereof. However biologically controlled calcification bears no relationship to
the  simple  metrics  of  chemical  equilibriums and  saturation  points.  Several  researchers  since  have  now published
evidence demonstrating the “Omega Myth”, by evidencing how much more complex are biologically driven processes,
e.g.  Cyronak  et  al.  (2016)  say  “gross  calcification  is  under  biological  control  and  mediated  by  organic  tissue that
separates the calcifying surface from overlying seawater. Therefore calcification occurs in a media (i.e. the calcifying
fluid) that has significantly  different  [CO3

2−]  than the bulk seawater.  However,  despite the complexities inherent  to
biological mediated calcification, much of the current OA literature presents the problem of reduced calcification under
OA scenarios as an issue of simple CO3

2− substrate availability”.

For example, even if mollusc's shells consist of 95–99% calcium carbonate by weight, an organic component makes up
the remaining 1–5% and the resulting composite has a fracture toughness ≈3000 times greater than that of the crystals
themselves!  In  the  biomineralization  process,  specialized  proteins  are  responsible  for  directing  crystal  nucleation,
phase, morphology, and growths dynamics and ultimately give the shell its remarkable mechanical strength and the
organic components are diverse, i.e. proteins, sugars and lipids. The most common polymorphs in biomineralization are
aragonite (e.g. corals) and calcite (e.g. foraminifera, coccolithophores248) and coccolithophores have been extremely
successful at achieving their coccolithogenesis for hundreds of millions of years, since the mid-Triassic whatever the
SSTs or the pH of the oceans, e.g. forming the cliffs of Dover (UK),  and the genesis of calcite starts in their Golgi
apparatus  where  protein  templates  nucleate  the  formation  of  CaCO3 crystals  and  complex  acidic  polysaccharides
control the shape and growth of these crystals. That's not exactly like dripping a crystal of calcite or aragonite in a test
tube like a sugar in your coffee in the morning and checking if it dissolves when Ω changes, its the beauty of life and its
mystery. The first evidence of biomineralization dates to some 750 million years ago and sponge-grade organisms may
have formed calcite  skeletons 630 million  years  ago,  but  in  most  lineages,  biomineralization first  occurred in  the
Cambrian or Ordovician periods. Do you really think that the SST and oceans pH have remained stable all along? The
reactions and metabolisms taking charge of the bio-mineralization processes are sophisticated and resort to signaling
transmitters,  inhibitors,  and  transcription  factors  and  many  elements  of  these  controlling  processes  are  shared
between  diverse  phyla.  Even  though  most  marine  creatures  resort  to  CaCO3, including  e.g.  foraminifera,
coccolithophores,  calcareous  sponge  spicules,  corals,  Archaeocyatha,  bryozoans,  brachiopod  and  mollusk  shells,
Echinoderms, Serpulidae others use silica like radiolarians, diatoms, most sponge spicules. A telling example of bio-
adaptation to a fast hyper-thermal episode like the PETM is given by Gibbs et al. (2006) and they report “Yet major
perturbation  of  the  surface-water  saturation  state  across  the  PETM  was  not  detrimental  to  the  survival  of  most
calcareous nannoplankton taxa and did not  impart  a calcification or  ecological  bias  to the pattern of evolutionary
turnover”. This PETM episode is attributed to massive volcanic emissions, more specifically the North Atlantic Igneous

248https://en.wikipedia.org/wiki/Coccolithophore 
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Province (Gutjahr et al., 2017), > 10,000 Gt-C over less than 5000 years  (Turner et al., 2017), which bears no similarity
with  size  and  rate  of  the  current  pace  of  change,  characterized  by  a  strong  carbon  isotope  excursion,  but  as
extraordinary as the event was, a recent study of the rich molluscan fossil record of the U.S. Gulf Coastal Plain (GCP)
explores whether the PETM had a significant lasting effect on the richness, turnover, or ecological structure of shelf
faunas or the body size, growth rate, or life span of component taxa. And the conclusion by Ivany et al. (2018) is very
clear “Taken as a whole, our results indicate that the long-term impact of the PETM on these shallow-water benthic
communities was unremarkable. Unlike the deep-sea benthos (22), molluscan shelf associations on the GCP suffered
little in the way of lasting biodiversity loss, taxonomic turnover, or persistent ecological restructuring relative to changes
at earlier or later formation boundaries”.

Once it is better understood that we deal with living species, though not as sophisticated as vertebrates, still which are
far from responding to elementary physico-chemical processes like simple dissolution in an under-saturated fluid, one is
on a better track to understand what follows. And being back to the coccolithophores, it simply appears that they
cannot care less than the level of saturation of CaCO3 in the water, they have been designed by evolutionary forces to
overcome this  difficulty!  This  is  what  was  reported  by  Marañόn et  al.  (2016) who state  “We found  a  significant
relationship between primary production and calcification, such that the calcification to primary production (CP/PP)
ratio was relatively invariant  among ocean basins.  Both the CP/PP ratio and  cell  specific calcification were largely
constant across a wide range of calcite saturation state (1.5–6.5), [HCO3

−] / [H+] (0.08–0.24; mol: μmol), and pH (7.6–
8.1),  which  indicates  that  calcification  by  natural  coccolithophore  assemblages  was  independent  of  carbonate
chemistry. Our results suggest that coccolithophore calcification, at least in tropical regions, may not be decreasing in
the currently acidifying ocean”.

Those who speculated that 95% of the coral will be lost by 2050 (Hoegh-Guldberg, 2014), and argue that our current
high levels of CO2 are creating conditions coral have not experienced for millions of years.  They have to resort to
contorted calculations and outright lies and deceptions to assert their claims. In order to “prove” that reef-building
corals  have  responded  to  climate  changes  over  geological  times  through  evolutionary  adaptation,  changes  to
community structure, and migration of species and ecosystems because climate changes of the past would have been
much slower than now. Hoegh-Guldberg (2012) state that “slow rate of environmental change over most of this time
(e.g. the past 420,000 years, 0.01±0.017°C per century, 99% confidence interval, Hoegh-Guldberg et al. (2007) is a key
characteristic of why these responses were possible without any apparent loss of coral reef abundance”. This is a very
bold assertion made using Petit et al. (2005) δDice data (just a proxy of local temperature change) which itself follows a
model of ice accumulation and is not a stratigraphical ice record as, e.g. only the first 31 kyr of the West Antarctic Ice
Sheet Divide Ice CoreCore (WAISDIC, 2020) are (Sigl et al., 2016). Then, based on a proxy that is adjusted to a model,
and using some unstated and most probably heterogeneous sampling due to the existence of brittle ice, rates were
“calculated for each successive pair of points in the Vostok Ice Core record249 by dividing the difference between two
sequential values (ppm or °C) by the time interval between them”, see Table 1 of Hoegh-Guldberg (2007). This does not
stand examination but has good explanation in activism and vested conflicts of interests as reported by Laframboise
(2011)250.

What the Figure 89 shows is that the natural (how could it be otherwise) SSTA observed over the 47 years period in the
mid-Holocene by Corrège et al. (2000), which exceed 2°C between the min-max (4166yr-4157yr), were far superior to
those registered over the contemporaneous period of 159 years by Huang et al. (2017) which are of ~1.2°C between the
min-max (1910yr-2017yr) and their rate is of 4°C / century, in the middle of the Holocene recent past, and certainly not
of the kind of 0.01 °C / century which can only be a delusion or a deception. One will also remember the statement by
Alley et al. (2003) “Many paleoclimatic records,... show... regional climate changes of as much as 8° to 16° occurred
repeatedly  in  as  little  as  a  decade  or  less...  effects  were  clearly  hemispheric  to  global...”,  who  can  believe  the
“0.01±0.017°C per century for the past 420,000 years” fantasy?

249Note  that  2  Vostok  samples  are  separated  on  average  by  1,500  years  as  we  have  283  samples  over  400  kyr!
ftp://ftp.ncdc.noaa.gov/pub/data/paleo/icecore/antarctica/vostok/deutnat.txt 

250“Australian marine biologist Ove Hoegh-Guldberg is often described as a "world renowned reef expert." Nine chapters of the 2007
[IPCC]  Climate  Bible  base  their  conclusions  partly  on  his  work.  He  was  a contributing  author  to  that  report  and  has  been
appointed a coordinating lead author for the upcoming edition. The problem is that Hoegh-Guldberg has had close ties to activist
organizations for the past 17 years. Between 1994 and 2000 he wrote four reports about coral reefs and climate change that
were funded, vetted, and published by Greenpeace. Since then he has written two more for the World Wildlife Fund (WWF).
Someone who has spent 17 years working closely with activist groups is thoroughly tainted. By no stretch of the imagination can
he be considered a disinterested party who will carefully weigh the pros and cons and then write a scrupulously objective account
of the situation” (Laframboise, 2011)
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Figure 89. Monthly SSTA (dashed line) with respect to a 47-year-long record of sea surface temperature (SST) derived from Sr/Ca
and U/Ca analysis of a massive Porites coral which grew at ~-4150 B.P. in Vanuatu (southwest tropical Pacific Ocean)  and
24-month running annual amplitude (solid line) according to (Corrège et al., 2000).

Either Hoegh-Guldberg et al. (2007) ignore the existence of rapid and so much more severe natural climate changes of
the past than even those observed and measured during the Holocene (e.g. Figure 89) which are already far off their
0.01°C/century rate, like, e.g. the cold Younger Dryas with extreme and brutal temperature change of +10±4°C at the
termination  of  the  cold  episode  (Grachev  and  Severinghaus,  2005),  the  Bølling–Allerød  episode,  25  Dansgaard  /
Oeschger events, tens of Heinrich stadials and AIM events, etc., and at least four glacial cycles (i.e. MIS 2, MIS 6, MIS 8,
MIS 10) as the reader can visualize, e.g. on Figures  38 and  42, during which reef extent was reduced up to  80%
(Kleypas, 1997), and their credibility is extremely low even if they publish in the peer-reviewed “Science” journal, or
they intentionally use deceptions to sustain false statements and their credibility is even lower. Corals will not be gone
by 2050, they are not threatened by the elusive acidification of the oceans  and whenever problems arise they come of
pollution, over exploitation or other forms of physical degradations (e.g. crown of thorns starfishes). Misleading people
for political reasons does not help address the real issues.

Finally, it seems that the oceans are sequestering up to twice as much carbon dioxide as previously thought, according
to Buesseler et al. (2020). The Biological Carbon Pump (BCP) refers to the large-scale process by which CO 2 is absorbed
by the phytoplankton in the oceans. The mechanism is as follows: with the help of solar energy, the phytoplankton
absorbs CO2 and releases oxygen. It is in turn absorbed by animal zoo-plankton and other marine species that carry it
further down to the bottom of the oceans. When these latter species die, they become carbon-rich debris that falls to
the ocean floor.  This process enables the oceans to sequester carbon; the concentration of carbon dioxide in the
atmosphere would be much higher if this BCP did not exist. The balance between 1) atmospheric carbon sequestration
and 2) oceanic upwelling and export by the BCP is also the key factor determining the pH level in ocean surface waters.

Small changes in the efficiency of the biological pump can significantly alter ocean carbon sequestration and hence
atmospheric CO2 and ecosystem functioning in intermediate waters. The area where phytoplankton live is called the
euphotic zone (EZ). The ability of phytoplankton to absorb CO2 depends largely on the amount of light that penetrates
the upper layers of the oceans. The study by Buesseler et al. (2020) shows that this EZ zone is larger than expected and
absorbs  up to  twice  as  much  CO2 as  previously  estimated.  This  adjustment  changes  regional  assessments  of  the
efficiency of the carbon pump as well as global carbon budgets and shifts the emphasis on the BCP and not just the
elementary physico-chemical reactions. As Steele (2020) summarizes “If ocean photosynthesis and marine productivity
improves, and all the added CO2 entering the ocean is sequestered into organic matter, there would be no change in
ocean pH. And indeed, marine  productivity has increased as the earth warmed. Productivity increased after the last
glacial maximum ended, and increasing organic sediments on the sea floor suggest increased carbon sequestration”.

Generally speaking marine life, and all photosynthesizing organisms (e.g. phytoplankton, corals, etc.) lack CO2 as it has
become scarcer and scarcer over geological times and they have devised various mechanisms to counter its starvation
and its natural disappearance into the oceanic inorganic pathway which tends to quickly dissociate CO2 into bicarbonate
ions  HCO3

− and  H+, i.e. reactions (172) and (167). To that aim planktons use an enzyme, the carbonic anhydrase to
recombine HCO3

− and H+ into H2CO3 following reaction (168) then use reaction (172) reversely to transform H2CO3 into
H2O and CO2, and corals further concentrate H+ ions in their vesicles where photosynthesis occurs, causing their internal
pH to fall to very acidic levels, i.e. 4.5 in order to efficiently gather H+ ions from the surrounding waters to regenerate as
much CO2 as possible for photosynthesis which causes the pH in the corals’ surrounding waters to rise to 8.5 or more
during the day! Many other organisms as bacteria and algae have also devised mechanisms to further concentrate CO 2

to sustain their photosynthesis, life does its best to keep going on with less CO2. During night time, photosynthesis stops
of course and respiration and calcification mainly for the coral reefs organisms become the driver of the pH, releasing
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CO2 and lowering the pH down to as low as 7.7 during winter, a daily swing of 0.8 which by far exceeds any forecast
that  one  could  make  for  the  surface  water  of  the  open  ocean ,  even  pushing  up  [CO2]  to  ten  times  its  actual
concentration, i.e. 4,000 ppm.

Current models based on saturation and calling disaster if  Ω < 1, and IPCC models which do not take into consideration
the ocean productivity (IPCC, 2013)251 are just representative of a dead ocean, whereas just the opposite occurred and
for example, between 1998 and 2012 the productivity of the Arctic ocean increased by 30% ! So, not only cannot pH
calculations be correct nor carbon budgets either, especially as due to increased productivity some organic matter can
sink quickly enough to be buried into the sediments at depths were the carbon they contain will be sequestered for
millions of years and not decay and therefore not participate into respiration, literally pumping the carbon to depths.

The reason why the pH decreases with depth is not only due to the fact the water getting colder with depth it dissolves
and holds more C, though the pH / T relationship is obvious on Fig. 1 of Ben-Yaakov and Kaplan (1968), but also the
result  of  the  biological  pump  as   organic  matter  can  be  exported  downwards  much  faster  than  any  inorganic
components. Steele (2020) reminds that “It is best to differentiate the biological  pump into at least three different
dynamics:  1)  a  passive  gravity-driven  pump  causing  organic  matter  to  sink,  2)  an  active  pump  driven  by  vertical
migrations of living organisms that actively carry carbon from the surface to depth, and 3) a calcium carbonate pump in
which inorganic calcium carbonate shells sink, carrying DIC in the form of carbonate ions to depth”. Organic carbon
sinking also feeds creatures of the meso-pelagic zone, an area spanning between 200 (limit of EZ) and 1,000 meters that
was long underestimated, life forms that also perform daily vertical migrations to feed at night and avoid predators and
the existence and abundance of this meso-pelagic life requires a far higher surface productivity than estimated before.

Not only OA scare mongers and IPCC have dead oceans but they address laboratory mineral chemistry and not a living
Earth where the metabolisms of organisms show complex bio-chemical processes where the shells are protected by 5%
of  organic  compounds  making  ad-hoc  tissues  that  isolate  them  from  the  changes  of  ocean  chemistry  (i.e.
periostracum252).  Finally,  shell  builders  do  not  directly  resort  to  CO3

2− but  rather  use  HCO3
− into  shell  building

compartments, then H+ ions are pumped out, i.e. reaction (168) to provide for the needed CO3
2−. And as Figure  87

shows a lower pH means more HCO3
−, what marine shell builders use.

As we have seen Figure 88, surface corals are found at various latitudes within waters ranging between 18°C and 34°C
and even almost 40°C in the Arabian Sea; they've been around for 550 million years and there are multiple species, well
documented over the last 60 million years, including those of coral reef builders which form colonies and have a dual
feeding strategy with polyps to catch zoo-plankton, particles and even small  fishes, and symbiotic algae (known as
zooxanthellae or symbiodinium, up to  104 /cm3) which ensure chlorophyll photosynthesis and provide sugars to the
coral which in exchange protects them in a pocket where it ensures an acid pH (pH around 4 to 5) by pumping H+ ions
into it in order to maximize the presence of dissolved CO2.

The aragonite skeleton is made under the calicoblastic ectoderm: the coral removes H+ ions by pumping them out and
injects (thanks to Ca2+-ATPase, a trans-membrane protein found in most eukaryotic cell membranes)  Ca2+ ions that
react with bicarbonate ions: HCO3

-  + Ca2+ ↔  CaCO3 + H+

The vertical extension of the calcareous skeleton occurs at night and, for example, every 30 days the tissues move
upwards for a reef growth of 10 mm/year, or 4kg/m²/year of limestone, and a net organic production of 3g/m²/day of
carbon,  all  highly  variable  figures  (Allemand,  2004;  Le  Goff,  2016).  According  to  Montaggioni  (2009),  over  the
temperature  range  of  23°C  to  29°C,  coral  calcification in  kg/m²/year  is  3.33  tsurface(°C)  -  70.7  and  increases  with
temperature from 5.8 kg/m²/year to 25.9 kg/m²/year while coral size growth (mm/year) is 3.11 tsurface(°C) - 68.96 and
increases with temperature from 2.6 mm/year to 21 mm/year.

Contrary  to  all  stories  told  by scare  mongers  and alarmists  of  all  sorts,  the reefs  are  not  threatened  buy Ocean
Acidification or by an increase of temperature, but face very real dangers as they are grazed by crown of thorns starfish,
sensitive to storms, and sometimes ravaged by bacterial infections; they cannot tolerate being out of the water for

251IPCC (2013). p 292. “Ocean carbon uptake and storage is inferred from changes in the inventory of anthropogenic  carbon...
Changes due to variability in ocean productivity (Chavez et al., 2011) are not considered.”

252This is a thin organic coating or "skin" which is the outermost layer of the shell of many shelled animals, including mollusks and
brachiopods.  Among mollusks it is primarily seen in snails and clams, i.e. in gastropods and bivalves, but it is also found in
cephalopods (literally they walk on their heads) such as ammonites (extinct) or nautilus species.
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more than a few hours, resulting in bleaching of the corals closest to the surface when large El Niño(s), combined with
high tides, lower the sea level by a few decimeters.

As shown by Mellin et al. (2019) crown of thorns starfish outbreaks are responsible of 42% of the loss observed for the
Great Barrier Reef which are then left in such a damaged condition that they are later further easily destroyed by
storms and cyclones (48% of the observed loss) and bleaching does only represent a bleak 10%.  All these organisms
enjoyed Cretaceous times with its 2,000-1,000 ppm of CO2 and left behind huge sedimentary accumulations, testimony
of their success, so would some challenges be around,  CO2 is the wrong enemy and fighting an incorrect foe leads to
lost battles. Marine life generally speaking will  be perfectly fine, and won't care of the OA myth, corals face some
specific threats that well deserve close attention and scrutiny. But if mankind continues indiscriminate over-fishing and
exploitation, habitat destruction (Hendriks et al., 2010), then the backlash is bound to happen. But it has nothing to do
with man-made CO2 emissions, does it ?

Let's summarize: Søren Peter Lauritz Sørensen was famous for the introduction of the concept of pH, and the first
measures of seawater pH are supposed to having been reported in a paper of Sørensen and Palitzsch (1910) though it
does not appear possible to get this original article, but a paper by Palitzsch (1911) with the same title is on the other
hand readily available. Color indicators were first used for pH measurements in seawater (Palitzsch, 1911) and early
color measurements were carried out  visually  for  qualitative  measurements,  or  colorimetrically.  Later,  oceanic  pH
measurements have usually been made using a potentiometric technique using the hydrogen ion sensitivity of the glass
electrode  as  the  basis  for  the  measurement  and  is  considered  by  Dickson  (1993)  as  “beset  with  a  variety  of
experimental  problems  such  as  electrode  drift,  susceptibility  to  electromagnetic  interference,  and  problems  with
reference electrodes. It is this catalogue of potential problems that is in part responsible for the poor opinion many
chemical oceanographers have of pH measurements”.

In order to measure expected changes that would be due to ocean acidification one needs to monitor very small pH
changes in the global oceans, typically a pH decrease of approximately 0.1, over the past 100 years and measuring such
small changes requires very sensitive and reliable observations (PMEL, 2015).  The data collected prior to 1989 are
typically not well documented and such data are of unknown and probably variable quality and uncertainties of
these older pH measurements could easily be as large as 0.2 in pH and thus not at all well-suited to showing a change
of 0.1 in pH over the last 100 years. Furthermore, recent measures show strong regional or even larger scale variations
as Rérolle et al. (2016) for instance report that “Finally, the investigation yielded a reliable high resolution pH dataset in
surface waters along a transect from the Pacific to the Arctic Ocean. Large pH variations were observed in the ice-free
Arctic surface waters, with pH ranging between 7.98 and 8.49”.

Therefore one has to acknowledge that:

� there does not exist a long term accurate time series of seawater pH  as measurements to better than 0.1 are
recent and proxies dubious and therefore trends in oceans pH cannot be assessed;

� there are significant regional variations of measured pH (Rérolle et al., 2016) and in that respect, Jiang et al.
(2019) show that “air-sea CO2 disequilibrium is the dominant mode of spatial variability for surface pH, and
discuss why pH and calcium carbonate mineral saturation states show contrasting spatial variability”;

� the biosphere locally strongly affects measured pH values depending on biological cycles and activities (e.g.
very variable pH observed over coral reefs depending on whether the reef performs photosynthesis or rather
calcification and respiration).

This creates a situation in which  the natural variations observed  are several orders of magnitude larger than the
changes searched for within the frame of the supposed Ocean Acidification (OA) response. Some authors, e.g. Wu et
al. (2018) try to convince their reader that OA is obvious from their work and to that aim present 323 years of annually
resolved δ18O, δ13C and δ11B results from a modern slow-growing massive scleractinian coral, Diploastrea heliopora,
collected from the open-ocean island of New Caledonia in the South Pacific Ocean (22.21°S, 166.15°E). Beyond the
intricate complexities of their reconstructions that should somehow reflect the pH of open-waters, if one can observe a
very small trend for δ18O and one slightly more visible for δ13C, the only thing obvious is that there is no trend at all on
the reconstructed pH as shown on Figure 90:
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I graduated in Geophysics, Geochemistry and Remote Sensing with a DEA from Ecole des Mines
de Paris  / CTAMN (1982)  -  First  in  my class ("Mention Très Bien",  i.e.  grade point  average >
18/20). I defended a D.Sc. in Geochemistry, Geo-Mathematics and Geo-Informatics (1986) at Nice
University  and  INRIA  (National  Research  Institute  in  Computer  Science  and  Automation)  -
"Mention très honorable et félicitations du jury".

As co-founder and very first employee of ILOG in 1986 (even before the formal creation of the
corporation), I contributed to the development of this software company which later had offices
in Europe, US and Asia and was listed on the NASDAQ stock exchange before a buy out by IBM in
2009. I joined CSTB in 1989 and led the Computer Integrated Division until 2001. I was involved in
many European research projects in the area of integration in manufacturing. I also was an active
reviewer in ESPRIT and was involved in assessing projects in different areas.  In 2001 I created
and led the SAIL department (Software Applications and Integration) with 5 divisions: software
development,  virtual  reality,  data  and  systems'  integration,  facilities  management,  advanced
models for finite element analysis. In 2004, I was in charge of software matters and policy before
I left CSTB in 2005. I am also an experienced trader since 1996 and developed together with my
associate  a  state  of  the  art  expert-system  to  implement  our  trading  methods  (i.e.  TEXSOL,
Trading Expert-Systems On-Line) and to develop the art and technique of trading automation,
with deployment on the US and French markets (stocks, ETFs, indexes).

I have an interest in various domains like Earth and Planetary Sciences, Astronomy, Finance and
Trading,  Integration  in  Manufacturing  and  Design,  Simulation  and  Defense  Systems,  etc.  I
published 38 articles mostly in peer-reviewed scientific journals, 6 books jointly-reviewed with
colleagues,  6 peer-reviewed chapters in  books,  64 papers in  peer-reviewed conferences,  one
D.Sc.  thesis  (1986),  and 32 scientific  and technical  reports  for  demanding public  and private
clients and acted as an expert reviewer for several EC R&D projects. I have been using in this e-
book my initial training and my passion for Earth and Space sciences to completely revisit the
subject of climate and paleo-climates. Why?

I had been in stark disagreement with the official doxa for decades, but the first startling alert
came when François Hollande (a former French President) stated (in French) at the 70th session
of the UN General Assembly in New York, on September 28, 2015 that tsunamis and earthquakes
will be the result of uncontrolled anthropic global warming (Hollande, 2015b). He was obviously
deluded by his own entourage who certainly ensured him that no doubt remained, that science
was  settled  and  that  the  alleged  urgency  would  require  to  further  force  the  line  in  his
presentation to maximize political  impact. How Heads of States would know? But for a Geo-
scientist like me, if he had said that the Earth was flat would not have been more shocking.

Unless plate-tectonics and convective motions in the Earth's mantle driving the drift of the plates
and thus earthquakes and tsunamis would become sensitive to extremely scarce CO2 molecules
in the atmosphere by some magical thinking, how such statements could be made? it was a clear
message that the official word of a great scientific and industrial nation was totally discredited.
When the dominants and the “warmunists” unveiled their agenda further in a clearer way, saying
that if Covid was bad, wait until climate-change to see what we can impose on you, the people, I
thought that no one could remain idle awaiting the violation of the most fundamental rights of
the citizens based on a pretext relying on some fallacious conjecture and phony science. The
more I dug into the subject for which I had had a long standing interest anyway and for which I
had gathered a massive pool of articles and references, the more I had to acknowledge how little
science there was left in the official group-think and how much politics was in fact at play. That
triggered me into action and the truth, not always good to say, remains a legitimate ideal.
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