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1 CO2 is painted in its devil suit, with black Carbon and two red Oxygen atoms, but freethinkers hold that knowledge should be grounded in facts,  
scientific inquiry, and logic, see also (Jacoby, 2005). If you liked this work, in exchange for getting it for free, then please recommend it to ten  
people. You can also become a member or make a donation to support those organizations: cato.org cei.org ceres-science.com climatecite.com 
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speaking readers the association of the climato-realistes.fr does an excellent job. 

2 When scientific views come under political attack, so too does independent thinking and good policy-making because all require rational thought 
to be effective, (Legates, 2014).

3 https://www.researchgate.net/profile/Patrice_Poyet   - http://independent.academia.edu/PatricePoyet
4 This  e-book is  under permanent on-going peer-reviewing.  It  also keeps being extended and improved.  So,  please refer  to this  date when  

communicating with the author so as to identify the version and help improve the document. Check regularly the website to ensure that you 
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The foundation of radiative transfer were laid by some of the greatest physicists, physical chemists, chemists, 
astronomers or astrophysicists and even mathematicians of the 19th and 20th centuries,  e.g. Jean-Baptiste Joseph 
Fourier  (1768-1830),  John  Tyndall  (1820-1893),  Gustav  Kirchhoff  (1824-1887),  Josef  Stefan  (1835-1893),  Ludwig 
Boltzman (1844-1906), Max Planck (1858-1947), Svante Arrhenius (1859-1927), Karl Schwarzschild (1873-1916), Albert 
Einstein (1879-1955), Arthur Eddington (1882-1944), Edward Arthur Milne (1896-1950), Subrahmanyan Chandrasekhar 
(1910-1995)  and  many more  whose  names  would  deserve  to  be  cited.  Even  if  the  basic  radiative  physics  of  the  
greenhouse effect were “������������” as stated by Pierrehumbert (2011), radiative transfers only represent a tiny part 
of  a  far  broader subject  for one interested in  understanding the climate of  this  planet  and of  at  least  its  telluric  
neighbors in the Solar System. Remarkably, as early as 1872, James Clerk Maxwell (1831-1889) demonstrated in his 
seminal  work “��������� �@��
” that  temperatures of  the lower troposphere of  Earth are primarily  determined by 
convection and by the atmospheric mass / pressure / gravity relationship (Holmes, 2018), thus thermodynamics that  
emerged of the seminal work of Sadi Carnot5 (1796-1832).

Carnot's (1824) book is considered the founding work of thermodynamics, it contains a number of principles such as  
the Carnot cycle, the Carnot heat engine, Carnot's theorem, thermodynamic efficiency (Hertz, 2004). The work was  
unnoticed until 1834 and Carnot was already dead at the young age of 36, when French mining engineer and X comrade  
Émile Clapeyron (1799-1864) who never met Carnot made in his “#���������
���#�����;��������@��
” five citations of 
Carnot's work (Clapeyron, 1834). Through Clapeyron's paper, German physicist Rudolf Clausius (1822-1888) learned of 
Carnot's theory of heat and through a modification of Carnot's work, Clausius put the second law in mathematical form 
with his introduction of the concept of entropy, Clausius (1850, 1864). The word thermodynamic was first used in  
William Thomson's (1849) paper (i.e. 1st Lord Kelvin) “-��-�����
����$����
�������������
���#�����;��������@��
”. 
Josiah Willard Gibbs (1839-1903) invented in 1875-1878 chemical and electrochemical thermodynamics together with 
statistical mechanics. Finally, the statistical interpretation of the second principle was the work of Ludwig Boltzmann in  
1877. Boltzmann had the time to pass on his ideas on the quantification of energy to Max Planck, the first Nobel Prize 
winner in this new discipline (1918).

One century after the work of Clausius, Manabe in a series of papers (Manabe and Möller, 1961; Manabe and Strickler, 
1964;  Manabe  and  Wetherald,  1967)  demonstrated  that  the  Earth's  atmosphere  is  essentially  a  thermodynamic  
machine, but was strangely enough awarded the 2021 Nobel Prize in Physics “����
���(�����������������������
��� �
�����
�� �A��������� ����������
� � ��� � �������� �(�������� ������� ��������”.  This  is  not  the  first  time  that  the  Nobel 
committee falls into the trap of political contortions and one will remember that Einstein received the Nobel Prize in  
Physics (1921) for “���������������������
����������
���(��
�����
�����,��
” (1905a) and not for his ground breaking 
theory of relativity (1905c-d, 1916) that was considered too controversial at the time. One century apart makes History  
rhymes. When the Nobel price is given just before the COP26 held in Glasgow (Scotland) at the end of 2021, to a 
scholar who is 90 years old you know that politics is not far. Didn't they notice before that Manabe deserved the price? 
Why did it take so long? I wish a long life to Manabe, an old wise man, but I notice that his colleague who left Japan like  
him in the early 50s, e.g. Akira Kasahara who made important contributions as well, has passed away on March 29,  

5 He graduated from Ecole Polytechnique and was a French mechanical engineer in the French Army, military scientist and physicist, and often  
described as the "father of thermodynamics" . 
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2022. People knew in Stockholm that they had been told not to waste time. Manabe himself is so surprised, listen to  
him6 “<���������������
���;������ �;�������� ����������� �����


" @1'10,  and then "> ��������������� ��5(������
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���
�������
���������
��� �
��
�(�����������P���
�������
����
������" etc. Manabe did not claim to have understood why and what is causing 
climate change, he modestly acknowledged that scientists must continue to work to better understand. Freeman Dyson 
stated that “the world is much more complicated then the computer models.” and reported that Manabe himself was  
very cautious “>�����������������������;�����
���������������(�
����5(��
��0"������1�"����#�����������������
�@���� �
Q�(��������
������������������;�����
��
�@��������������
��� ��
������
����������������������5���
�-����������������� �
�����
�������������0G���������
�����������������������
��������������
������������
�����
������������
��������(�������� �
�����
�H�Manabe], (Poels, 2016), more of the interview with Dyson p. 353. Congratulations to Syukuro Manabe for this 
award, for his  humility and for demonstrating, to those who read his articles cited above, that the atmosphere is  
essentially a thermodynamic machine, not a radiative one. 

Furthermore,  even  if  radiative  transfers  calculations  provide  indeed  some  indications  and  give  some  order  of  
magnitude of the warming to be expected from the additional CO2 of anthropogenic origin, no reasonable inference can 
be made without considering how the earth-system, a highly self-adaptative and complex dynamic environment, will  
react. Alas, as this is too complex to model with some reasonable confidence, e.g. we do not even known how these 
changes will impact the variety of clouds7 and how this will affect the albedo (Goode et al., 2021), it has led to arbitrary 
definitions that make bold hypotheses, such as the notions of Radiative Forcing (RF) or Effective Radiative Forcing (ERF), 
see e.g. Myhre et al.  (2013), holding a number of parameters fixed at “��(��
������������” or having some other 
conditions “��((�����
������������������”, see p. 104. Doing this considerably weakens the confidence that we can 
have in the relevance of  these radiative calculations and in their  ability  to deliver any result  having a meaningful 
predictive capability. The Earth does not fit in a lab experiment where simple radiative transfer calculations would 
provide insightful results. This will be addressed starting p. 32, with Section  1.4 “Let’s get back to some Physics”. The 
earth-system is at minimum a non linear coupled ocean-atmosphere system interacting with its immediate stellar and  
planetary environment.

Furthermore, the basic building blocks of knowledge needed to understand the present and past climate of Earth, and  
let's go further with the climates of at least the Solar System's telluric planets, goes far beyond radiative transfers and 
also include at least thermodynamics that account for the majority of heat transfers on Earth, scattering, surface heat 
transfer but extend far further than that with the multi-disciplinary nature of this difficult and fascinating subject,  
requiring  knowledge  in  several  other  fields  such  as  astronomy  and  astrophysics,  atmospheric  dynamics  and 
microphysics, geochemistry and geochronology, glaciology, but also geophysics, ocean chemistry, paleoceanography,  
paleogeography, and even petrology, volcanology, tectonics, tectonophysics and a lot more as the constant interaction  
of the biosphere with Gaïa has led to deeply intertwined and complex processes (e.g. see p. 295, the Mount Pinatubo 
impact). How the knowledge gathered by these disciplines contributes to our climate understanding will be addressed  
starting p. 136, with Section  1.5 “Let’s get back to some Geology, Astronomy, etc.”. The objective of this book will be to 
make an honest assessment of where we stand, taking in consideration as much as possible of the relevant litterature  
published in reputable sources. There is no extraordinary idea or hypothesis that will be defended, there is no need for  
that, the current bulk of existing knowledge to be assessed and put in perspective is already vast enough to make the  
effort a daunting task.

As such, it is somehow preposterous to refer to “climate science” and “climate scientists”, as the bulk of knowledge to 
address  the subject  is  multi-disciplinary and transversal  in  nature and no career  “climate scientist”  who needs to 
specialize on some particular aspect of  this  vast  subject to conduct and publish some research qualifies in all  the  
disciplines listed and owns credentials in all of them. But one should add to the credentials required to understand the  
state of the art of the subject, software engineering and simulation systems because the Anthropic Global Warming  
(AGW) hypothesis has heavily relied on computer programmes to assert software simulation results as evidences of the 
validity of their claims. Doing so is also absurd for at least two reasons: 1) computer simulations have drastic limitations  
that make them tools of dubious value over the timescales considered 2) they have failed at reproducing past climates  
and also failed making decent forecast of the current warming, this being currently acknowledged by those who have 
been their greatest supporters for decades (Hausfather et al., 2019; 2022). The relevance of computer models mainly  
based on fluid mechanics equations which are unable to make a decent fifteen day meteorological forecast but will –  
based on the same physical principles and technology – tell you the average temperature supposed to characterize 

6 https://www.youtube.com/watch?v=yt246lKVhr4   
7 For an excellent introduction to this subject, refer to the work by Humlum here: https://www.climate4you.com/ClimateAndClouds.htm

 8

https://www.climate4you.com/ClimateAndClouds.htm
https://www.youtube.com/watch?v=yt246lKVhr4


some climate change a century away from now should disturb the sense of any trained and legitimately skeptical  
scientist.

“������������������������
� ������
��
�(�����������
����������������
” — Dr David Frame, climate modeller, Oxford 
University

A fiction does not provide anything useful and if computer simulations of the climate were to make any sense they  
would need to achieve far more than turning a fanciful CO2 control knob that does not exist in the real earth-system 
and would need to make decent and accurate forecasts, including how precipitation patterns would evolve over time 
under increasing CO2 concentrations, that could be refuted by observations, just to be back into the realm of real  
science as per the scientific method. These computer-based software simulations will be extensively discussed starting 
p.  310 with the Chapter  2 “Computer Models & their Questionable Usage” and many scientists have questioned or 
rejected the usage made of these simulation system, i.e. General Circulation Models (GCM), including Roger Pielke Sr. 
who stressed in his resignation letter sent to the IPCC (1995) “@��������
���������0'$#1�������������(���������
������� �
������� ���� � ������ �����(������ � �� � ���((��(���
� ���� ���� ���
 ����� ���
��������
 � N


O � 
��� � ������(��� � 
� �� � ��
 ��� �
��������� � (����� � ��,������� � �A������ � �� ������ � � � �����
 � �� � 
�� � ������� � ��������N�O � �� � �������
 � @������� � �
��� �
��
���(��������������������
����,��
�������������������������������
��������������
��
�#�������� �
������������ �
��
�����
�����,����
����(����
�����
��������
�����
���N����������
��������������������
������
������
�
����
����$+ 	�

���������O������������������������
��������������������������(������������(�����������������������������A��
��� �
��(�����
�
������������
”. It happens that some leading scientists who have spent an entire professional life developing  
such  GCM  models  are  even  harsher  “��� � 
��(���
��� � ���������� �models� 
����� � 
� � ���� � ��
� � 
�� � ��
���
���� �
���(��5������� �
��������
� �are no better than toys� �� �#������#���� �mockeries  of  the real  world”.  — Mototaka 
Nakamura

“������
�������R
���P��
�2�R�����
������������������������������
�����
�
�2�R����������
�������
��������
� �
������
” — Prof. Chris Folland, Hadley Centre for Climate Prediction and Research

The data do matter  and are  of  the utmost  importance,  including how they are  gathered and how the series  are 
produced and maintained, this will be discussed in section p. 381 “How Reliable are the Data Used?”. Furthermore all 
the temperature data are not equal and the best, i.e. Microwave Sounding Unit (MSU) satellite series are alas only  
available since 1979. There are many other data sets, but the older and longer one is the Central England Temperature8 
(CET) record originally published by Professor Gordon Manley in 1953 and subsequently extended and updated in 1974  
(Manley, 1974). CET is monthly from 1659, and a daily version has been produced from 1772 (Parker et al., 1992). The  
monthly means from November 1722 onward are given to a precision of 0.1 °C. This is remarkable as the invention of  
the thermometer by Daniel Gabriel Fahrenheit only dates back to 1714. In 1742, Anders Celsius (1701–1744) proposed  
a  scale  which  now  bears  his  name.  Thus,  one  must  understand  that  before  1772  there  does  not  exist  decent 
measurements of any sort and before 1659 there does not exist any measurement at all  and that at best, proxies will 
be used and devised to reconstruct temperature series.

One should never paste measurements at the end of proxy series (i.e. indirect records of ancient climatic conditions, 
such as ice cores, cores of lake sediment and coral, and annual growth rings in trees), this is a deceptive technique that 
is alas often used to create meaningless “�����������” graphs, supposed to alarm the gullible. In that respect, the CET 
series spanning 1659-2014 does not show any alarming “�����������” and temperatures measured around 1820 are 
just 0.2°C cooler than those in 2014.

As far as CO2 measurements are concerned, IR spectrometry (Non-Dispersive InfraRed method9, NDIR) is only available 
at the Mauna Loa Observatory (MLO) since 1958, chemical measurements were made before since 1812 but were  
arbitrarily discarded by Callendar (who rejected nearly all data before 1870) and Keeling as explained by Beck (2006,  
2007,  2008).  The  accuracy  of  these  measurements  were  indeed  quite  good  (better  than  ±  5  ppm)  but  sampling 
conditions were unfairly criticized10, in order to discredit them, although they constitute an important scientific heritage 
that should be exploited to the full. The validity and quality of these chemical measurements is discussed in Massen  
and Beck (2011) and Beck (2022) and shows that the continental European historical regional CO2 background levels 
were significantly higher than the commonly assumed global ice-core proxy levels. Beck (2022) does not claim that  

8 https://en.wikipedia.org/wiki/Central_England_temperature  
9 https://en.wikipedia.org/wiki/Nondispersive_infrared_sensor   
10 http://www.ferdinand-engelbeen.be/klimaat/beck_data.html   

 9

http://www.ferdinand-engelbeen.be/klimaat/beck_data.html
https://en.wikipedia.org/wiki/Nondispersive_infrared_sensor
https://en.wikipedia.org/wiki/Central_England_temperature


single days measurements correspond to global values, but the fit to Massen models give yearly average values close to 
Mauna Loa values, see Beck's (2022) Figure 9 where this is demonstrated for several stations. The same demonstration  
for Giessen11 is made in Massen and Beck (2011). According to Beck (2022)  the high [CO2] level between 1930 and 
1950, has been reported by 25 persons/groups measuring at 25 different sites, included measurements above Helsinki  
by airplane (in total > 60 000 samples) supported by stomata data12, see Beck's (2022) Figure 25. These valuable data 
cannot be discarded using spurious arguments such as they would be contaminated by soil respiration or would not 
match ice-core records which are indirect proxies plagued by their own problems including the creation process of the  
firn that amounts to a convolution by a low pass filter that destroys high frequencies in the signal. These are real  
measurements made by trained scientists  using well  known apparatus that require a careful  processing to deliver  
meaningful information as done by Beck (2022).

Before 1812, only proxies from ice-cores are available and a long discussion in section p. 244 “Ice-Cores are Proxies that
rest on Models” will explain why one should be extremely cautious while interpreting these proxies. Here we go at the 
core of isotopic geochemistry.

“I�����������������������
�������������������
��
” — Sir John Houghton, First chairman of the IPCC

“2������� 
� ���
 � �������������������((��
� � 
� ���(
��� � 
�� �(�����R� � ����������S�"� �������� � 
� ��,�� ��( ������ �
�������������������(�� �������������
�
����
�������������P���������������������
�S����������������
������������
 �

�� � ����
 � ������� � �� � ��
���� � ����� � �,����� � ��� � ����� � �����

”  —  Stephen  Schneider,  Stanford  Professor  of 
Climatology, Lead author, IPCC

Climate  science  has  been  way  too  much  politicized  and  these  aforementioned  quotes  are  a  testimony  of  this  
unfortunate trend. Thus, it was required in this eBook to give some context to the environmental movement and to the  
policies that have been proposed, the objectives they really follow and how they succeeded to be enforced by several  
means onto the peoples of the various nations, starting p. 399, with the Chapter 3 “Rogue and Dystopian Policies”.

In this book, we will face facts and apply the scientific method to determine where we stand, neither exagerating,  
underestimating or selecting i.e. “������?(������” some observations. Richard Feynman, Nobel Prize in Physics (1965), 
provided an insightful definition of the scientific method: “02�1����(����
��������
 ����0��
�����R�1����(�
�����
� �
��
�����


����(�����
������
�����
���������������
����������
������
�>���
�������������
���5(������
��
���������
�>��
��
 �
���(����
�
����
����
�������
���������
” — Richard Feynman (1965) in “����$�����
������;��������%��”, p. 150.

Facts will be gathered for what they are and knowledge will be used to the best of what is available to offer insights into 
where the Earth system is headed to. Science should help determine the best usage of the resources available, mostly  
taken from hard-earned tax-payer monies, to ensure that some sustainable development be offered to humanity. For 
instance, there is no doubt that 1753 Gt of CO2 have been emitted since the year 1900, but we'll see that most of that  
bulk has been circulating rapidly in vast natural reservoirs, and that a large part has definitely been sequestered by the  
biosphere, always keen on having more CO2, the gas of life.

We'll also see that this added CO2 has decreasing returns because the impact of each added unit of CO2 is less than the 
impact of its predecessor (Myhre et al., 1998; Pierrehumbert 2011) as explained by equations 103 and 104, p. 110. The 
radiative forcing effect of CO2 is measured in units of Watts per square meter, i.e.  W/m2.  Each doubling of CO2 is 
expected to provide an increase in the range of e.g. [3.23-3.70] W/m2 (Pierrehumbert, 2011; Moranne, 2020). This can 
be compared to the natural  flows of energy in and out of  the climate system, estimated to be 235 to 245 W/m 2 

(Trenberth et al., 2009). Thus the imbalance created by a doubling of [CO2] is of the order of just slightly more than a 1% 
whereas changes of more than 100W/m2 occur for variations happening over orbital cycles, see Fig. 3 of Roe (2006).  
The estimated climate sensitivity to a doubling of atmospheric CO2 is given for example by Soon et al. (2015) at 0.4°C 
(base at ~400 ppmv), or at 0.6°C for Lindzen and Choi (2009; 2010) and equation 102, p. 96 delivers a value of 0.48°C for 
a doubling well in the middle of the range. Since 1900, the imbalance attributed to CO 2 can be estimated to a tiny 
+1.53W/m2 and we still are dealing with large uncertainties and small numbers. The 1°C temperature increase since  
1850 can hardly be precisely split into an anthropogenic component and a natural component, but of course, as CO 2 

concentrations have not doubled since 1850, but at worse have increased of 35%, the natural part of the warming far  
exceeds the anthropogenic component. Calculated either starting from the ppm increase since 1850 or based on the 

11 https://en.wikipedia.org/wiki/Giessen   
12 Personal communication on September 24th, 2022 with Pr. Jan-Erik Solheim.
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radiative imbalance, one comes up with a roughly 80% natural versus a 20% anthropogenic ratio, thus a man-made 
warming of 0.2°C since 1850. In the end, this entire 1°C warming is more than welcome as after all, the Little Ice Age 
was just a mere disaster leading to crop failures and famines, see p.  141. These numbers are confirmed by the best 
satellite data series, MSU/RSS13 or the MSU/UAH14 maintained by Roy Spencer that show a total 0.46°C increase since 
1979 (including both the natural and the anthropogenic component) with a small increase of 0.13°C / decade and a  
current anomaly that stands at a minuscule 0.06°C (June 2022).

There is no climate urgency, not the slightest.  The objective of this eBook is to become sort of a one stop free “e-
textbook”  for  those  interested  in  getting  a  broad  perspective  on  the  climate  matter,  not  only  scientific  but  also  
including the political and economic aspects, trying to pull together all the relevant issues scattered across a wide range  
of disciplines and documentation. This book addresses all  aspects of climate and paleo-climates, from atmospheric  
physics, to astronomical influences and geological and geochemical drivers. It covers the computer models claiming to  
simulate the climate and the policies that are projected from them.

There are many recommended reference textbooks dealing with one particular aspect of the subject, Astrophysics: e.g.  
Carroll and Ostlie (2014) with “-��>�
���������
��#������-�
��(������”,  Atmospheric Science or Physics: e.g. Salby 
(1996)  with  “&�������
��� � �� � -
���(����� � ;������”,  Wallace  and  Hobbs  (2006)  with  “-
���(����� � "������� � -� �
��
�����
����"�����” or a more accessible text with Andrews (2010) “-����
���������
��-�#+";@�7>$�;@E">$"” or the 
comprehensive and authoritative work of Salby (2012) with “;����������
���-
���(���������$����
��?�	���������”, 
radiative transfers are addressed, e.g. by Goody and Yung (1995) with “-
���(������7�������”, Celestial Mechanics: 
e.g.  by Brouwer and Clemence (1961) with “#�
������� �$������� �#��������” or  Morbodelli  (2011)  with “#������
$��������#���������?�-�(��
�����"�����"��
���D�������”, Climate and Tectonics15: e.g. Ruddiman (2008) with “���
�R� �
$����
�T�;��
�����&�
���”, Data analysis in Geology: e.g. with Davis (1973) “"
�����������D�
��-�����������'������”, 
Geophysics:  e.g.  with  the  online  work  by  Jursa  (1985)  “@������� � �� � '��(������ � ��� � 
�� � "(��� � ����������
”, 
Meteorology: e.g. the seminal work of Brunt (1932, 1934) with “;������������D���������#�
��������”, Oceanography: 
e.g.  Colling  et  al.  (2004)  with  “+���� �$���������”,  Paleoclimatology:  e.g.  Bradley  (2015)  with  “;���������
�����T �
7�����
�������$����
������
���U��
������”, and even Psychology and Sociology: e.g. with the seminal work of Mackay  
(1841) with “#�����������5
�����������;�(�����D�������������
���#����������$�����”. Each one of them goes far 
further in their specific area than the work presented here. Some dare venture to address two aspects, like the couple  
ocean-atmosphere system: e.g.  Gill (1982) with “-
���(����V+�����D�������” often when written in the context of 
cooperative works, like Lilensten et al. (2020) with the “���
�R�������
�����(�����
�������������"��” thus putting an 
emphasis on how a G0-type star can drive the climate of planet Earth, and linking Astronomy and earth-sciences, but  
very few venture into trying to paint  a  global  picture of  all  the aspects  involved.  Some collective works can turn  
monumental in scope as the eBook edited by Lide (2005) with the “$7$�@�����������$�����
�������;������” (1st edition 
1913) or be available on-line, e.g. with the work already mentioned of Jursa (1985) with the “@�����������'��(������ �
����
���"(��������������
”.

A broader perspective is a major challenge that requires to cover several scientific domains that are intertwined with  
complex interacting results or propositions, to address the computer modeling and software technologies supposed  to 
embody somehow “hard-science” and not betraying, by successive approximations and “parametrizations”, the very  
essence of the physical models (and underlying equations) they claim to represent, and to cover the policies  that would 
eventually  make  sense  and  could  be  recommended  while  not  being  embarrassed  by  partisan  politics.  That's  the  
challenge that I have tried to overcome. It is always uneasy to produce an effort of synthesis and overview on the so  
varied and so complex phenomena of the Nature. In a way, I am following in the footsteps of Mascart (1925), who  
already noted at the time the challenge that consisted in pretending to carry out a work of a certain encyclopedic  
scope, which is of course far more acute now than a century ago, and I accept the difficulty and the inherent criticism 
that come along with this type of effort.  This book is intended for scientists with at least a master's degree in the 
relevant disciplines, for a publication more oriented to the general public, I recommend Wrightstone (2017).

Let's not forget that  “��������������� ��
����������������������������
����������(������������
�����������������
 �
�����������(���������������������
��(�������������(���
�����
�” — Happer and Lindzen (2022)

13 https://www.remss.com/research/climate/  
14 https://www.drroyspencer.com/   and https://www.drroyspencer.com/latest-global-temperatures/ - https://www.nsstc.uah.edu/climate/ 
15 Ruddiman supports the idea of an anthropogenic influence on climate, but also worked on longer-term (tectonic-scale) physical and geochemical  

effects of uplift of the Tibetan Plateau and other high topography on regional and global climate.
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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, sometimes on short timescales. He 
described in «+�����������������
���(��
�����(�����
» (Lamb, 1959) the following major episodes:
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And he added: «>�
����
����
������F��
������������������������������������
������������������������������������
���� �
���
������������
�������������
���!3:9��
��
���!:�9�������*9�����������������
�����
�-������P���������
��>� ���
��
�
��� �

���������A��
�����������������M����������������������
���"����
��������������!:!!». (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's  
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). Undoubtedly man is having an influence on its environment and it would be unwise not to  
consider it, but we should focus on the right issues in order to preserve the ecosystems and to build a more resilient  
environment. We need a wise perspective from which we can better separate sincere concerns from the overzealous  
catastrophic predictions that have dominated the narrative so far and so long (see “Prophets of Doom and Gloom”, p. 
413) in order to press for politicized solutions (Steele, 2013). The growing worldwide population has an effect on local  
climate conditions and this has been known for quite some time, Karl et al. (1988) studied a network of 1219 stations 
across the United States, analyzed for the years 1901-84, and found that urban effects on temperature are detectable  
even for small towns with populations under 10,000. Using the same methodology and the same regression equation – 
essentially a function of the population, it is easy  to determine to what degree a larger population would affect the  
average temperature. Karl et al.'s (1988) objective was to “����������
����
������������
���
��(���
������5����� �
�����������������������������������
������
�������
����
�����(�(������”, but the method can be used to assess how 
large conurbations are affected, not just in the United States, but in any country. For example, Tokyo’s population is 
13.5 million, Osaka’s population is 2.7 million and Kyoto’s population is about 1.5 million. According to Karl et al. (1988) 
that would increase Kyoto’s average temperature by about 1°C, and Tokyo’s by 2.6°C, relative to natural habitat or rural  
areas. That’s about the same for Kyoto or a lot more for Tokyo than is attributed to the increased global average  
expected from rising CO2, would concentration double from the pre-industrial level. That puts in perspective our entire 
discussion.

One must first recognize that the temperature records are not of equal scientific quality and in this book, the three  
levels identified by Humlum16 will be accepted: quality class 1: the satellite records (UAH and RSS), quality class 2: the 
Hadley Centre/Climatic Research Unit Temperature records, i.e. HadCRUT surface record17, and finally quality class 3: 

16 https://www.climate4you.com/  
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the National Climatic Data Center18 (NCDC) and Goddard Institute for Space Studies19 (GISS) surface records. Even the 
satellite temperature records have their problems and some will be discussed here “How Reliable are the Data Used?”, 
p. 381, but the temperature sampling by satellites is more regular and complete on a global basis than that represented 
by the networks of surface records. HadCRUT is considered class 2 because changes introduced are fewer and smaller  
than  those  brought  to  both  the  NCDC  and  GISS,  that  often  experience  quite  large  administrative  changes20,  and 
therefore essentially must be considered unstable records. Cooling the past and warming the present, as visible on 
Figure 150, p. 384, does not inspire confidence whatever the reasons that led to such repetitive adjustments. Each one 
of these data set has its own characteristics and time-span and therefore must be understood and studied accordingly.  
But as an introduction, it is appropriate to start with the longest time series of temperature measurements available,  
that of Central England Temperature, i.e. CET over the period 1659-2018.
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One will immediately notice from the overall aspect of Figure 1, that it does not look like a “@������"���” graph and 
even though Karoly et al. (2006) and King et al. (2015) attribute the last temperature increase of the data set and the  
record 2014 temperature to “��������J����������
��������
�” without providing further precision on what these are 
or could be. One should note that the conclusions of these authors are based on climate models and RCP8.5 simulations 
-  which have been recently dismissed by leading climate modelers and experts as being out of whack with realistic  
scenarios (Pielke Jr. and Ritchie, 2021a-b; Hausfather et al., 2022) – and thus the vague attribution is highly debatable in 
that no mention of the impact of growing population, of the influence of urban heat island effects or of land use  
changes may have had on the temperature  records and whether  they have been corrected of  these various  and 
important effects. In any case, the final warming (1980-2018) does not appear neither exceptional in its amplitude nor 
in its rate and is well within the range of previous natural variability as observed, e.g. over the period 1700-1740.

17 https://en.wikipedia.org/wiki/HadCRUT   and  https://crudata.uea.ac.uk/cru/data/temperature/ with  HadCRUT4 (2012),  HadCRUT3 (2006), 
HadCRUT2 (2003), HadCRUT1 (1994),

18 https://www.ncdc.noaa.gov/cmb-faq/anomalies.html#anomalies   - This time series is calculated using land surface data from the Global Historical  
Climatology Network (GHCN), Version 2 and sea surface temperature anomalies from the United Kingdom Met Office Historical Sea-Surface  
Temperature  (MOHSST)  data  set   available  here:  https://hadleyserver.metoffice.gov.uk/mohsst/ and  the  NCEP Optimum Interpolated  SSTs 
(Version3)

19 GISS is a laboratory of the Earth-Sun Exploration Division of NASA's Goddard Space Flight Center and a unit of the Columbia University Earth  
Institute, New York City, USA. https://www.giss.nasa.gov/

20 Humlum defines the term as “It is interesting to compare the various global air temperature estimates as to their internal degree of stability for  
the whole temperature record as such. Especially for surface air temperature estimates, a certain degree of change over time affecting especially  
the last few months is to be expected, as additional station data may be reported and incorporated in the database. But for the older part of the  
temperature record numerical stability over time would be expected, provided that the mathematical procedure used for estimating the global  
temperature is considered mature by the research team preparing the data series considered. In this context, maturity would imply that, for  
example, the November 1985 temperature reported by a certain database in February 2009 would be identical to the November 1985 value  
reported previously by the same database.” 

 13

https://www.giss.nasa.gov/
https://hadleyserver.metoffice.gov.uk/mohsst/
https://www.ncdc.noaa.gov/cmb-faq/anomalies.html#anomalies
https://crudata.uea.ac.uk/cru/data/temperature/
https://en.wikipedia.org/wiki/HadCRUT


&������	
� ����������������
��(���
������
���
��V�@��$7I���
�����������������
���
�
�������������
��!3)9�V���������������
��������� �
���
������������������������
��(���
������������������!3)9?	9	9
���������������
���
�
��
�������������N@��$7I�*	!O �
�������������
?�A������������?�����������
��������9
:!W$����
������
�������������������!3)9?	9	9�V������F��
������������ �
�������(������
�����A�������
�N#����
������=����������	9	!O


The HadCRUT4 data set, displayed in Figure 1, spans about half the CET displayed in Figure 2 and even though more 
accurate gives the same picture as the CET, but will be used to put in context the next jump in time, the Holocene that  
will give a better sense of what natural anomalies are. As explained before, from now on (beyond 1650 for the CET and  
1850 for HadCRUT), as no measurements are available, only proxies22 will be used. Proxies are far better than nothing 
but should always be taken with caution as per definition, they are not measurements and are always the result of 
some indirect relationship with the temperature based on a model.
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Figure 3, extends over 11,700 years and the entire HadCRUT4 dataset fits into the two small blips at the end, arbitrarily  
reporting the dates 1840-2020 to show the Modern Warming (MoW). As visible on Figure 1, the coldest temperature at 
the depth of the Little Ice Age (LIA) were recorded around 1700 and this is also what appears on Figure 3, where 1700 
stands at -4.84°C lower than the Holocene Climate Optimum (HCO), identified by Brown (2018a) at around 7890 BP.  
Left of the HCO stands the Last Glacial Maximum (LGM) with extremely cold temperature and right of the HCO starts 
the neoglacial, a period during which the temperature has already started to decrease, albeit in an irregular manner,  
but inevitably bringing us back to a new ice-age. The MoW, that draws all  governments, affiliated pundits, vested  

21 HadCRUT4  near  surface  temperature  data  set  for  the  Northern  Hemisphere  is  available  for  download  here: 
http://www.metoffice.gov.uk/hadobs/hadcrut4/data/current/download.html 

22 https://en.wikipedia.org/wiki/Proxy_(climate  ) 
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capitalists, green and activists' interest appears to be limited in scale when displayed in perspective with two well  
known events, the 8.2 ka Cold Event and the 4.2 ka BP mega drought. In fact, as will be explained in the section “Is the
Modern Optimum Special?” p.  522, the last optimum that started around 1800-1850 at the end of the Little Ice Age  
(LIA) is comparable to the previous ones (i.e. Medieval, Roman and Minoan). The Holocene will  be represented by  
several other Figures, 59 and 174, p. 151 and 523, while discussing other aspects of that period. The last ice age ended 
around 11,700 years ago and the Last Glacial Maximum was about 23,000 years ago (Figure 4), and we are for the time 
living in a so-called interglacial period called the Holocene, until the next ice age will begin some time into the future,  
alas probably not too distant as explained in section “The last 12,000 years, Brief Overview of the Holocene” p147.
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Returning to an ice-age is a major risk for mankind and one should remember that agricultural production and breeding  
were only made possible by the HCO and appeared first in the "fertile crescent" in the Middle East (8500 BC), but also  
independently in China (7500 BC). Agriculture also appeared in Europe as early as 7000 BC. The oldest Neolithic site  
identified is the Franchthi Cave in Argolid (Greece). Remains of two-row barley, starch trees, goats and domesticated 
sheep have been found there, a radical break with the previous period when only wild species were used. Alas, this is  
what awaits us, because if local optima as we have discussed are due to variations of the solar activity at large, i.e. Total  
Solar Irradiance (TSI) changes, solar wind and storms, Galactic Cosmic Rays 23 (GCR), etc. concomitantly with variable 
volcanic activity and atmospheric and oceanic changes, the glacial-interglacial rhythm is provoked by more regular and 
inescapable changes of the Earth's orbital  parameters.  As a consequence, From time to time the planet has been  
affected by millions of years with relatively cold climate, each such period leading to a long succession of glacial and  
interglacial periods. During the last 2,58 million years “Quaternary”, planet Earth has been in such a cold stage as will  
be explained p. 166. It is time to see on the next Figure 5, how the entire Holocene displayed Figure 3, fits into the new 
scale, it is just the little red square at the top right. Let's see.

23 Galactic cosmic rays (GCR) are energetic particles originating from space that impinge on Earth's atmosphere. Almost 90% of all the incoming  
cosmic ray particles are protons, about 9% are helium nuclei (alpha particles) and about 1% are electrons (beta minus particles). The term "ray" is  
a misnomer, as cosmic particles arrive individually, not in the form of a ray or beam of particles. Whereas the galactic cosmic ray flux is assumed  
to be constant and isotropic, nuclide production rates are spatiotemporally modulated by magnetic shielding influenced by both the Sun’s  
activity and the strength of Earth’s magnetic field. Further nuclide production can also result from the release of Solar Energetic Particles (SEP)  
during extreme solar storms. https://en.wikipedia.org/wiki/Solar_energetic_particles
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Figure 5 provides reconstructed global temperature over the past 420,000 years based on the Vostok ice core analysis  
from the Antarctica (Petit et al., 1999, 2001). The record spans over four glacial periods and five interglacials, including 
the present. The horizontal line indicates the modern temperature. The the little red square to the right indicates the  
time interval shown in greater detail in Figure 174, p 523, the last interglacial, i.e. the one we live in and currently enjoy, 
the Holocene. The preceding four interglacials are seen at about 125,000, 280,000, 325,000 and 415,000 years before  
now, with much longer glacial periods in between. All four previous interglacials are seen to be warmer (1-3°C) than the 
present which is not exceptional. The typical length of a glacial period is about 100,000 years, while an interglacial  
period typical lasts for about 10-15,000 years. The present interglacial period has now lasted about 11,700 years. Figure  
66, p.  166 extends the scope of these fluctuations back to 1.8 million years and shows the mid-pliocene transition.  
According to ice core analysis, the atmospheric CO2 concentrations during all four prior interglacials never rose above 
approximately 290 ppm, whereas the atmospheric CO2 concentration today stands at 410 ppm (by volume or molecular 
fraction, as of  2022),  but  the problem in stating that is  to mix proxies obtained from ice-cores that  are depleted  
because of leaching and firnification processes24 (see “Ice-Cores are Proxies that rest on Models”, p.  244) to accurate 
measurements obtained only since 1958 by InfraRed spectrometry at the Mauna Loa Observatory (MLO). Considering 
other proxies, like plant stomatas or chemical measurements gives a more complex picture of past CO2 concentrations 
as  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; Massen and Beck, 2011; Beck, 2022) see p.  9, or footnote 317, p.  251. 
Even though the atmospheric CO2 concentration now could be significantly higher than during the previous interglacial 
(100 ppm ?), though this is highly debatable and will be addressed later, our HCO is still about 2°C colder than the  
previous interglacials and this in itself, demonstrates the small influence CO2 has on climate; it will be related to a low 
Equilibrium Climate Sensitivity (ECS).
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One should also notice that the “good times”, i.e. the interglacial, never last long and that Sapiens has mainly gone 
through the misery of 3 long ice-ages over his 300 kyr presence on Earth. Surviving such an environment must have  
been very difficult, limiting the distribution of the species to the inter-tropical area, and only offering development 
perspectives and a better life  just  since the HCO, kind of  8000-7000 years  ago.  We should cherish and celebrate  

24 The ice core record of CO2 shows a incorrect level due to the Knundsen diffusion effect. The result is a low and flat monotonic CO 2 record 
whereas the study of plant stomata records better past CO2 variations (McElwain, 1998; Wagner et al., 1999;Kouwenberg 2004; Kouwenberg et 
al., 2005; Steinthorsdottir et al., 2013). When there is more CO2 plant stomata get smaller and fewer. By looking at fossilized plants, this is how 
we can tell what the concentration of CO2 was at the time the plant was alive. This method is much more accurate than the ice core CO 2 record 
and  shows,  e.g.  during  the  Holocene,  strongly  fluctuating  and  higher  CO2 levels  than  what  IPCC  considers  reference  pre-industrial  levels. 
https://en.wikipedia.org/wiki/Knudsen_diffusion
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everyday of the warm climate that we have benefited of as reverting to normal, an ice-age, will be the biggest challenge  
than mankind will face ever. Now let's see how the 400,000 years displayed Figure 5, fit into a larger picture, that of the 
Earth's geological  history.  In fact,  it  just  represents the top most subdivisions at  the extreme left of Figure  6,  the 
Holocene  and  sort  of  a  third  of  the  Pleistocene,  on  a  logarithmic  representation  that  greatly  exaggerates  the 
importance of recent times.
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This planet has had a life before hominids appeared, before sapiens arrived some 300 kyr ago, and before the “History” 
we study, that is sort of a 2000 years long period, covering most of the relevant human adventure and progress, that is  
represented by the very small red line on top left of Figure 6, at the right of the word “Holocene”. Planet Earth has an 
age  of  about  4600  million  years,  yes  4.6  billion  years!  The  diagram  above  (Sub-commission  for  Stratigraphic  
Information) shows a geological stratigraphic chart for the entire geological history, subdivided into a vast number of 
epochs, each consisting of a number of stages. Most, if not all, of these geological divisions are based on the recognition 
of very significant environmental changes affecting the entire planet; that is,  past global climate changes. In other  
words, global climate change has been the rule for the entire history of Earth, not the exception.

The  scale  Figure  6,  is  semi-logarithmic,  i.e.  the  time scale  is  highly  compressed  and  increasing  so  towards  older 
geological ages. The more you move to the right, the more the time is condensed and the violet “Precambrian” at the  
far right represent nearly 4 billions years alone, thus nearly 8 times the total of all the 3 other columns, that represent  
the Phanerozoic lasting 542.5 million years. There are two ways to put in perspective this stratigraphic scale, either in a  
shorter time, e.g. 24 hours, or in converting it to distances.

It  is  easy to see that if  each year in the time scale above Figure  6 was represented by one millimeter,  the entire 
stratigraphic chart would be about 4600 km long. This corresponds roughly to the distance between San Francisco (CA)  

25 https://timescalefoundation.org/ICS_chart_archive/Div_GeolTimeAug09.pdf  
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and New York City (NY). On this scale modern humans would appear within the last 200 m, the Polar Bear within the  
last 150 m, and the entire global meteorological record since about 1850 would take up the last 16 cm. The period with  
satellite  observations,  since  1979,  would  fit  into  the  final  3  cm.  It  is  of  course  interesting to  see  what  how CO 2 

concentrations have evolved over, say the 3 columns to the left, the last 542.5 million years, i.e.  the Phanerozoic. This  
is shown on Figure , the Quaternary to right not being to scale as t lasts only 2,58 million years and this would not let  
enough place to write the text “Quaternary” on the graph!
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Finally to put things in perspective, considering CO2 concentrations over geological times, they stand now even after the 
steady increase measured since 1958 at MLO leading to a high 417 ppm as of 2021, at the lowest level of the last  542.5 
million years and have decreased from a peak of 8,000ppm reached sometime during the Cambrian era some 530 
million years ago. The death line is represented in red on Figure 7, and is reached when even the plants adapted the 
most to CO2 starvation stop succeeding to perform the photosynthesis reaction, this is around 150 ppm (Tripati et al.,  
2009; Gerhart and Ward, 2010).  The danger is  to have too little CO2,  not a little more than there was during the 
Holocene Climate Optimum, -8,000-9,000 years BP. Over geological times, the strontium-isotope record and the record 
of isotopic fractionation between inorganic and organic carbon are both correlated on weathering and magmatism  
processes. Thus CO2 levels can be inferred from the shared fluctuations of the strontium isotopic record and Rothman 
(2002)  state  "���� �������� �$+	� ������ ��5����
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» — Freeman 
Dyson

Dyson is right in acknowledging the extreme complexity of the Earth's climate and the limited grasp we have of it  
should be clear to anyone given that the best information we can base our reasoning on, i.e. the high quality satellite  
records since 1979, would only take up the final 3 cm of the entire 4600 km long geological climatic trip as seen before,  
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if each year is represented by one millimeter. This should lead to the utmost caution and prevent policy makers from  
taking measures with severe consequences on modern economies without serious scientific evidence, which we do not  
have at the moment. We rather have evidences that CO2 concentrations are marginal drivers, if at all, of the overall 
climate at whatever timescale we analyze the situation.
Reasoning over a very short time scale, for the climate, i.e. up to 2100, let's try to project what can be expected for the  
aspects that worry the most the public, i.e. temperature and sea level:

� Observed average global air temperature change over the last 40 years since 1979 is about +0.13°C per decade 
as per the best satellite records, i.e. the  MSU/UAH (see note  14, p.11) maintained by Roy Spencer. If this 
change rate remains stable, additional average global air temperature increase by year 2100 will  be about 
+1.3°C. However, part of the apparent temperature increase reported is due to a rebound from the depressed 
lows of the LIA, part to land use changes and to administrative changes in the record sets themselves of 
debatable nature. Therefore, the real future increase will be smaller especially if the natural warming that  
started long ago, at the end of the LIA, were to slow or even to reverse and as the logarithmic response to CO 2 

increase makes its effect having a diminishing return, the more so as we have passed 400 ppm. All that will be  
discussed in Chapter “Let’s get back to some Physics”.

� The best and longest collection of the permanent sea level observation service (www.psmsl.org), that of Brest  
(France),  Figure  98, p.  231, using tide gauges along coasts indicate a sea level  rise of  1 mm/yr and even  
speculating on some acceleration typical global sea level increase will be about 1-2 mm/yr, thus global sea  
level at coasts will typically increase 8-16 cm by year 2100, although many locations in regions affected by  
glaciation 20,000 ago, will experience a relative sea level drop. This subject will be addressed in section “Sea
Level Changes”, p. 230.

What we will also see is that changes in atmospheric CO2 follow changes in global air temperature and changes in global 
air  temperature  follow  changes  in  ocean  surface  temperature.  Furthermore,  year  2020  brought  an  additional 
information, there was no perceptible effect on atmospheric CO2 due to the COVID-related drop in GHG emissions 
2020-2021. Natural sinks and sources for atmospheric CO2 far outweigh human contributions. This is not a surprise and 
for those who have read Vaclav Smil's book (2022) "How the World Really Works: A Scientist's Guide to Our Past, 
Present and Future" this will not come as a surprise.
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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  
�����������������������
����
�����������������������	� "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 and many authors 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),  William 
Happer (Physics),  James Hansen (Physics  and Mathematics /  Astronomy /  Physics),  John T.  Houghton (1931-2020) 
(Atmospheric  Physics),  Phil  Jones  (Engineering  Hydrology  /  Hydrology),  Richard  Lindzen  (Physics  /  Applied 
Mathematics), Claude Lorius (Physics / Geochemistry), Michael Mann (applied mathematics and physics / Geology and  
Geophysics),  Ian Plimer (Geologist),  Roger Revelle (1909-1991) (Geology / Oceanography),  Fred Singer (1924-2020) 
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(Electrical Engineering / Physics) and not from «Climate Science». One would argue that they ����
�� 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, precession26, 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 ?
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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  
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. 218), 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.

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, see section “About the Author“, p.  539. I’ll try to use my diverse scientific skills and some 
common sense to ask some good questions and come up with reasonable answers. Climate has been warming since the 
end of the Little Ice Age (LIA). Thus, 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?

“����������(���
���������������
��A�����������(
��������” — Freeman Dyson

26 https://en.wikipedia.org/wiki/Precession   
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The scientific method is based on objectively establishing facts through testing and experimentation. The basic  
process involves making observations and measurements, forming a hypothesis, making a prediction, conducting an 
experiment and finally analyzing the results (see Fig. 9). Thus, the scientific method is an empirical method of acquiring 
knowledge that  has  characterized the  development  of  science since  at  least  the 17th  century.  It  involves  careful  
observation, applying rigorous skepticism about what is observed, given that cognitive assumptions can distort how one 
interprets  the  observation.  The  process  in  the  scientific  method  involves  making  conjectures  (hypothetical 
explanations), deriving predictions from the hypotheses as logical consequences, and then carrying out experiments or  
empirical  observations  based  on  those  predictions.  Scientists  then  test  hypotheses  by  conducting  experiments  or  
studies. A scientific hypothesis must enable to make accurate predictions about a future state of the system observed 
and must be falsifiable, implying that it is possible to identify a possible outcome of an experiment or observation that 
conflicts with predictions deduced from the hypothesis. Otherwise, if the conjecture cannot be meaningfully tested or 
remains simply too vague, it  does not belong, per se, to the realm of science (Sidiropoulos, 2019a). This method is  
referred to as the hypothetical-deductive model and finds its root in such logical works as those of Aristotle (384BC – 
322BC) that established him as the father of the “������ ����
���” and were compiled into a set of six books called the 
“+������” around 40 BC by Andronicus of Rhodes.

On the other hand, the scientific consensus is a collective opinion of a community of scientists in a particular field of  
study when science is still  inconclusive. Consensus usually implies the agreement of a qualified majority,  but not 
necessarily unanimity, and is not the cornerstone of the scientific method previously recalled, which has been studied  
by philosophers, logicians or philosophers of science such as Russell (1872-1970), Popper (1902-1994), Kuhn (1922-
1996),  or  Feyerabend  (1924,  1994).  The  two  latter  questioned  the  universality  of  the  "������ � ���
���"  and  in 
particular, Paul Feyerabend, in the 1975 first edition of his book “-�����
�#�
���”, where he argued against there 
being any universal rules of science, but this philosophical work does not weaken neither the scientific method per se 
nor the extraordinary results achieved using it. Therefore, consensus can be observed but hardly used as a proof of the 
validity of any theory, as claiming a consensus is the mere admission of an absence of proper evidence . Consensus is 
often  achieved  through  communication  at  conferences,  the  publication  process,  replication  of  results  by  others,  
scientific debate,  and peer review.  Today,  for  example,  there is  consensus that  living organisms evolve over time  
through natural selection, as proposed by Darwin in his famous 1859 essay.

There are also many examples where scientific consensus has been proven wrong. Examples where one scientist was 
right against all the others abound while it took several generations of irredentists to impose their views. The cases of 
Nicolaus  Copernicus27 (1473-1543),  Giordano  Bruno (1548-1600),  Galileo  Galilei (1564-1642)  and  finally  Johannes 
Kepler28 (1571-1630) are famous. They were of course right against all in proposing heliocentrism trying to dig mankind 
out of the dark ages that had prevailed for sort of an astonishing eighteen centuries since Aristarchus of Samos (c. 310 - 
c. 230 BC) and  Eratosthenes of Cyrene (276BC - 194BC).  Sadi Carnot (1796-1832) often described as the "father of 
thermodynamics" who published only one book, the "7�J����������
���#�����;��������&���" in 1824 and died at the 
young age of 36, remained simply ignored for decades despite Emile Clapeyron's references to it and before Clausius  
(1850) modernized his work and formulated the second principle of thermodynamics. Bernard Brunhes (1867-1910)  
who discovered in 1905 the reversal of the geomagnetic field is another example, as it took another 50 years after his  
death in 1910 before his theory was fully accepted by the scientific community (Didier and Roche, 1999; Gallet, 2021)  
and thanks to the effort of Motonori Matuyama (1884-1958).

Let's  not forget  Alfred Wegener (1880-1930) and his theory of  continental  drift proposed in 1912 on the basis  of  
numerous arguments belonging to various disciplinary fields (geodesy, geophysics, structural geology, paleontology).  
Here, it was not until 1968/196929, nearly 40 years after his death, that this theory was accepted, thanks to the advent 
of  plate tectonics,  with the extension of the ocean floor revealed by the paleomagnetism of the ridges (magnetic  

27 The publication of Copernicus's model in his book D�������������������������������� (On the Revolutions of the Celestial Spheres) happened 
just before his death in 1543 and was a major event in the history of science, but a manuscript dates back his endorsement of Heliocetrism  
before 1514.

28 The three Kepler's laws of planetary motion, published by Johannes Kepler between 1609 and 1619 were th efinal nails in the geocentrism coffin.
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anomalies in basalts). One of the first papers to support Wegener's theory was Hill and Dibblee's (1953) study of the 
famous San Andreas Fault in California30. This mobilist view of moving continents anticipated a very fixist science of the 
time, as anthropomorphic about time as it was about space in Galileo's time. Wegener's theory was therefore not  
accepted and was even opposed by the geophysicists of the time.

The consensus of  that  time within the research community thus held back a bold advance for  decades.  Wegener 
studied Physics, meteorology and Astronomy in Berlin, Heidelberg and Innsbruck but made his historic contribution to 
science in geophysics, more precisely in geodynamics. Despite the first world war, he managed to complete in 1915 the  
first version of his major work, “D�����
�
����������[������
������+M����” (“����+���������$������
������+�����”). In 
1922 the  third,  fully  revised edition of  “����+����� ��� �$������
� �����+�����”  appeared and  in  November  1926, 
Wegener presented his continental drift theory at a symposium of the American Association of Petroleum Geologists in 
New York City (Waterschoot van der Gracht et al., 1928), again earning rejection from everyone but the chairman.

The analysis of personal correspondences even demonstrate that the conference and its proceedings were designed 
precisely to tear down Wegener’s thesis and not to objectively examine evidence. An example of the consequence of  
this bias is Rollin Chamberlin’s editorial “"�������
���+�F�������
��2������R��������” which includes instances of 
blatant sarcasm and name-calling. In 1914, Yale geologist Joseph Barrell warned his British and American colleagues of  
the “pseudo-science” represented by a large proportion of German academic work and this is explained by nationalistic 
tensions in the scientific community around this time. Today, the political bias and economic stakes created around the  
AGW far exceeds the worse motives for polemics of the past. Three years later, in 1929, one year before his death, the  
fourth and final expanded edition of “����+���������$������
������+�����” appeared (Wegener, 1929), in English see 
posthumous translation (Wegener, 2002).

A less well known case is that of Barbara McClintock (1902-1992), an American geneticist who was right against all odds 
in proposing that certain genes could move from one chromosome to another (she discovered transposons). Faced with 
the hostility  of  her  colleagues,  she had to stop publishing her results  in  1953 because she was going against  the  
mainstream. It was only 30 years later that she was admitted to be right and awarded the Nobel Prize in 1983.

Both  the  CNRS  and  NASA31 use  the  example  of  the  scientific  consensus  on  anthropogenic  global  warming  as  an 
argument from authority to impose the AGW theory and avoid criticism, the implication being that there is no longer  
any reason to discuss it and that the science has been said: it is man who is causing global warming. In short, move 
along, there is nothing more to see, because there is a consensus. To give more value to its illustration, the CNRS has 
for example chosen Jean Jouzel as an advisor, a famous French vice-president of the IPCC scientific group from 2002 to 
2015. But as we will see, Jean Jouzel, the CNRS and the numerous thurifers of anthropogenic warming never recall  
certain obvious facts concerning the "scientific consensus". We are now going to recall these obvious facts. Once taken  
into account, the concept of scientific consensus will be strongly relativized, especially in the field of climatology.

Indeed, the whole scientific world can be wrong, especially when the salaries of the researchers depend on it. As Upton  
Sinclair said it with clairvoyance ">
������^���
�
����
�������
��������
��������
�����������������������(������(������ �
��
�������
��������
”. Science has its limits and cannot yet explain all natural phenomena. The history of science is full  
of examples and we have already given three of them above. To take a fourth example, in medicine it was thought that  
diseases could not be caused by micro-organisms, because at the time there was no microscope to see them. Thus, in 
1858,  Rudolf Virchow developed the theory of cellular pathology, which was hostile to microbiology. At that time, it 
was not believed that diseases could be caused by microorganisms. We were wrong!

29 It  is  worth remembering that in a 1964 Royal  Society symposium devoted to continental  drift,  some prestigious scientists such as Gordon 
MacDonald (1929-2002) an American geophysicist, J. Lamar Worzel (1919-2008) an American geophysicist, and sir Harold Jeffreys (1891-1989) a  
British mathematician, statistician, geophysicist, and astronomer, still opposed to the theory and defied the new evidence. There was much  
opposition to Wegener's theory for several reasons. For one, he was not an expert in the field of science in which he was making a hypothesis,  
and for another, his radical theory threatened conventional and accepted ideas of the time. Furthermore, because he was making observations  
that were multidisciplinary, there were more scientists to find fault with them. The consensus was simply wrong!

30 Large-scale (hundreds of miles) lateral movement along the fault were identified in the paper and stunned the geologists of the time.
31 https://climate.nasa.gov/scientific-consensus/   - Pushing a shoddy consensus to try to support a stale political agenda is not only an admission of  

a lack of evidence for the weak AGW theory, it is first and foremost a definitive loss of status and standing for an organization that was once  
perhaps the most respected on the planet, when it succeeded to land Neil Armstrong and Buzz Aldrin onto the Moon and later their fellow 
astronauts, including Harrison Schmitt, the only scientist who has ever walked on the Moon, to smoothly land in 1976 the Viking in Chryse and 
Utopia and to explore the entire outer solar system with the Voyagers. What a sinister fate and pitiful shame. In brief, with such a statement  
"#���(�� ��
����� �(��������� �� �(���?��������������� �� F������� � �����
��
 ��������������� ���� �
���(������ ������ ��� � 
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�?
��������
����������
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����
���." NASA appears just for what it is: a discredited organization, looking to secure credits for the years to come. 
How can NASA have stooped so low? 
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Many  discarded  explanations  were  once  supported  by  a  scientific  consensus,  but  replaced  after  more  empirical 
information became available that identified flaws and prompted new theories which better explain the available data, 
these are referred to as “��(��������
������������������”, there are a great many of them32. Sometimes, things go as far 
as pathological science or more generally pseudo-science. Professor  Ivar Giaever, Nobel Laureate in Physics (1973) 
trashes the “theory” of 'man-made global warming' at various Lindau Nobel Laureate Meetings, calling it  precisely  
pseudo-science33 or explaining here why he resigned from the American Physical Society34.

The legendary astronaut Harrison Schmitt, the only scientist who ever walked on the Moon with Apollo 17 (Dec. 1972), 
also resigned from the Planetary Society because because of its stance on global warming, writing in his resignation  
letter "'-������������
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”. Thus a consensus is certainly not a very strong way of 
establishing a theory and has never been, but the minimum in such a case is to let all scientists develop their views and 
benefit from equal support in their funding, so that all the facts and especially inconvenient ones can be brought to  
light, weighed and put in perspective, so that the consensus may evolve and strengthen around key ideas, as long as it 
can survive.

But the IPCC is holding back and quoting only what suits them. Dogmas in science cannot exist, otherwise it is no longer  
science but religion. NASA or the CNRS unfortunately say nothing about this obvious fact: a scientific consensus can and  
must evolve over time, because it must incorporate the results of all the new research that is published day after day.  
For example, on the subject of evolution, the original Darwinism of 1859 had to be replaced by neo-Darwinism in 1905, 
incorporating  Mendel's  laws,  and  then  was  replaced  by  the  synthetic  theory  of  evolution  in  1947,  incorporating 
population genetics. Nowadays we talk about the Evo-Devo theory which is used to deal with evolution. Alas, IPCC has  
led to freeze science, to thwart the funding and reviewing processes as explained in section “Strange IPCC “Reviewing”
Process”, p. 437  and to ignore all facts that falsify their “theory” as detailed in section “ IPCC and Their Unlikely Physics
of Climate Change”, p. 439.

The scientific consensus on the origin of global warming must also evolve. But for this to happen, all scientists must be  
allowed to express themselves freely, and all publications must be taken into account. Moreover, all scientists must be 
able to publish their research. The high priests of climatology who declare that "science is said", such as Jean Jouzel or 
the Belgian Jean-Pascal Van Ypersele, are no longer doing science and are sinking into religion. This displayed certainty  
allows anyone to say anything without justification: let's recall Al Gore's prediction35, relayed over and over again in the 
'world' press of the disappearance of the Arctic ice in 2013! Unproven 'predictions' of all kinds are legion, but their  
denials are forgotten. Unfortunately, in today's world, we tend to believe that the only people who can talk about  
climate are climatologists. A geologist, a physicist, a chemist or a biologist and why not an engineer can often no longer  
express  the  slightest  doubt  concerning  the  climate  theories  accepted  by  consensus,  even  though  most  of  our  
knowledge dealing with climate and paleo-climate are their legacy! They are not listened to, they are not invited on TV 
shows, and their articles are not published. Worse, they are sometimes threatened, ridiculed and sometimes even 
expelled from universities.

This is curious because climatology is a science based on physics, chemistry, mathematics, geochemistry, geophysics,  
computer science, etc. A physicist knows much more about physics than a climatologist, and a chemist is much better at 
chemistry than a climatologist, as is an engineer at mathematics or computer science. In today's world, these physicists  
and chemists, who obviously do not publish anything in climatology or are barred from doing so, are not allowed to 
express themselves. They are told: "�����������
�(������������
�������������
��������������������
��������
������
". 
The science is said and only climatologists can express themselves. Finally, it should be noted that before 1980 or so  

32 https://en.wikipedia.org/wiki/Superseded_theories_in_science
33 Here: https://www.youtube.com/watch?app=desktop&v=LyztWNW2HsM
34 Here: https://www.youtube.com/watch?v=TCy_UOjEir0 
35 Al Gore has never been stingy with his shoddy and dire predictions, such as for example during the COP 15, on 14 Dec 2009 in Copenhagen, when  

he states that  there “�����8)/��������
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���������<��
��(�����������(����������������
�������������
���������������(��
���������������
��� �

�����5
�)�
��8������“ according to a US Department of Energy-backed research project led by a US Navy scientist, i.e. Maslowski (2013), and 
relayed in the media  (Nafeez, 2013). https://www.youtube.com/watch?v=MsioIw4bvzI at 2'08”. When such an “theory” and its models are so 
abysmally wrong and refuted by the most basic evidences, it must be relegated to the rank of superseded theories!
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there  were  no  climatologists  in  universities  (and  no  teaching  in  this  field)  but  only  atmospheric  physicists, 
meteorologists, geochemists, etc. Some graduates before 1980 not only became self-sufficient in climate science, but 
created climate science that did not exist! As for the geochemists, who are with the study of ice cores at the origin of all  
our knowledge in paleoclimatology, it is amusing to see their skills reclassified as "glaciologists" or "climatologists" as in  
the case of Jouzel.

Scientific research should be free, and should not have any constraint, including financial, but it is locked and leads to  
circular reasoning. Today, a climatologist cannot work without research credits. These research credits are generally  
governmental credits obtained by competition. It is then the researcher or the team of researchers who writes the best  
project that will be funded. Since the government is the one who funds, it is also the one who decides on the research  
topic. And there is no question here of deviating from this imposed theme, nor of casting the slightest doubt on the  
scientific consensus concerning anthropogenic warming.  Otherwise the project is  rejected by the reviewers of  the 
project, who are themselves climatologists. We get here a type of circular reasoning and the resulting present situation  
violates the ancient principle ‘������������������F���������������������'.

In short, there are no longer any researchers in general or climatologists in particular who would dare to express doubts 
or to deviate from the research theme. Research is no longer free. The research is locked. As a consequence, it is no  
longer science but a doctrine that is similar to a religion: researchers are asked to look where they are told to look and  
must not question the established dogma. In climatology, it is the IPCC that ultimately decides on the lines of research,  
once again violating the ancient principle ‘������������������F���������������������'. When the dice are loaded, when 
research is locked, and when reasoning becomes circular, the scientific consensus no longer means anything. It is a  
serious mistake to base our actions on such a fragile climate consensus: may the young people, who are so quick to  
demonstrate, exercise their critical spirit and one day demand accountability for this famous consensus.

Everyone a bit  familiar with science knows that from the data and evidences,  an hypothesis or better a theory is  
formulated. The role of such a conceptual frame is to enable to formulate predictions.  These predictions must be 
falsifiable by observations, e.g. May 29, 1919, is the date of a solar eclipse that caused a revolution in science. The  
eclipse is famous for testing Albert Einstein's theory of general relativity and confirming it or better say not refuting it  
(Coles, 2019; Gilmore and Tausch-Pebody, 2021). 
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But today, as presented in Figure 8 'Nature' conducted an anonymous survey of the 233 living IPCC authors last month,  
asking  the  question  "@������� �������� ������ �(��?�����
���� ����� ��� ���� � 
���� � �� � ������ ��� �	!99C"  (notice  the 
appalling word "likely") and received responses from 92 scientists or about 40% of the group, and look at the amazing 
chart they produce. Instead of a clear cut forecast, as for Einstein's 1919 eclipse confirmation, we have a scattered, not 
to say a random, distribution of answers that range from 1,5°C to 4°C! Not even addressing the horrendous statistical  
weaknesses  of  such  a  “study”,  i.e.  statistics  of  small  numbers,  and  of  the  way  the  sample  was  drawn and used 
(“voluntary response” sample is worthless), the scattering of the answers shows how far “climate science” has gone 
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from science as the author Tollefson (2021) does not seem horrified from what he presents as a “proof” of what he  
asserts as a “climate crisis”.

In the end, instead of an enforced consensus through shenanigans and censorship, there is broad disagreement not 
only with thousands of opponents who keep challenging the unfounded CAGW hypothesis despite the ominous fate  
that they are promised to (e.g. Peter Ridd) and have published several thousands of papers in peer-reviewed literature  
to refute it, the 1350+ list before 2014 is available here (Populartechnology, 2014) and after 2014 the list of 2925  
papers up to 2021 is provided by Gosselin and Richard36 (2014, 2015, 2016a-b-c-d, 2017a-b-c, 2018a-b-c, 2019a-b-c, 
2020a-b, 2021a-b), but even more telling is the disagreement between the proponents themselves of the CAGW theory  
about the orders of magnitude of the values of essential notions of the AGW conjecture and is a blatant admission of its 
unsustainable nature, as among them there is not only a scatter of the answers to simple questions as seen in Figure 8 
showing how distressed and confused are their minds, but the most basic notions such as the ECS have remained 
stubbornly vague since the Charney's et al. (1979) report despite the billions $ spent, nevertheless showing a constant  
lower trend and thus lower impact of emissions on the climate as displayed in Figure 31, p. 88, but finally the models 
themselves have gone in full storytelling land with ECS values so dispersed as visible on Figure 136, p.  337 that they 
now  resemble  the  result  of  throwing  darts  blindfolded  on  the  AGW  illusion  board.  One  must  add  the  total  
disconnection between the reconstructed temperature and those observed as visible in Figure 142, p. 348, 143, p. 355 
plus the fact that these models being confronted to a chaotic Earth-system are delivering unstable forecasts as a results 
as seen Figure 144, p. 356 and no doubt, the consensus is perfect to identify a magnificent case of pseudo-science at  
work trying to implement some scaring dystopian world, the 2050 net-zero totalitarianism.

“��������������� ��
����������������������������
����������(������������
�����������������
������������(����������� �
���������
��(�������������(���
�����
�” — Happer and Lindzen (2022)

“2������������ ���������������
�����������
�����F���
����
��������
����������(����������J��

” — Mark Twain
“>
�����������
�������(��(���
����
�����������
����
��������������������” — Mark Twain

��������� �����!������	������"����
���#

Among the many classical logical fallacies - see Sagan (1995-1997), that the CAGW mob is using and that will be 
pointed out  all  along this  book,  the  most  frequent  are  “��?�������”,  “�������
 � �������
����
�”,  “��������� ��� �
�����������������������”, “(��
����������(��(
������”, and we've just seen above the “�
�����������������������” 
and finally again in Tollefson (2021), the “�������
�������������������A������” that is often used by the media on 
their fraudulent interpretation of what the science really says. When Tollefson (2021) reports that “���
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notice  a  blatant  logical  fallacy  that  tries  to  enforce  on  the  reader  an  opinion  using  an  “�������
 � ������������ �
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������������� ”. Reaching such 
a level of aberration requires to quote R. Feynman

“No government has the right to decide on the truth of scientific principles, nor to prescribe in any way the character  
of the questions investigated
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" — Richard P. Feynman

Let’s now illustrate with an anecdote and a good example of group-think how far things can go: 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  

36 https://notrickszone.com/author/kenneth-richard/  
37 making a reference to AR6 IPCC full report that is not yet available (26 June 2022) as the bureaucrats are active tweaking it to make it match a-

posteriori  with  the  predetermined  conclusions  that  are  already  available  in  the  published  “"������ � ��� � ;����� �#�����”  and  “��������� �
"������”! What a blatant reverse engineering of science!
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stating that «�������������������������	9	9» 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 «"�����>������������5(�������
���;���������>�����
���������������
��������������� �
�������
���%�����������������
�����������+���
������������������
��������
�������(���» (Trutat, 1876) as reported by 
(René, 2011). Alpine glaciers, including for example Aletsch38 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) «&��
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���». Also of interest is the fact that these Alpine glaciers were 3300 years ago even 
of a more limited extension than today (Holzhauser et ��
, 2005), e.g. Aletsch being shorter of one km, indicating that 
the current climate is not exceptional.

The consensus presented as a sole means of establishing some scientific truth in a controversial field is just a mere non-
sense and resorting to it  all  the time as an  argument from authority39 to support the CAGW theory is in itself  an 
alarming signal.  When an hypothesis  or  a  theory  can be proved or  otherwise  invalidated by  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 videos40 (Cordato, 2013)  as carefully analyzed by 
McFarlane (2018).  The major risk for mankind is certainly more a global and severe cooling (Hughes, 1974;  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 �
���
, 1997; 2002) as suggested by the study of the Eemian (i.e. 130,000 yr B.P. and end at 116,000 yr 

38 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).

39 One of the many Logical fallacies listed by Sagan (1995-97).
40 https://www.youtube.com/watch?feature=player_embedded&v=1kGB5MMIAVA  #! 
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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: «�������
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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 included41. 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:
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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  “
� �(������ ����������
� ��
 ���� � ������ ���
� �
������ �������������
��
�
������������
��������( �climate policies”.  This further led to the creation of the  United 
Nations  Framework  Convention  on  Climate  Change  (UNFCCC)  on  June  12,  1992  and  the  ratification  of  the  key 
international  treaty42 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  310),  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 “�����
�����������”. 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 “��������
���
�����”! 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. Maurin43 “
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41 This led to creation and full operation of NOAA’s Climate Analysis Center in 1979 (Reeves and Gemmill, 2004).
42 Climate policies, treaties, etc. All that bears no relationship with science, obviously it all politics.
43 Personal communication on December 10, 2020. See footnote 686.
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�?���(����”. 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: “ �������
����C��������� �
��������a”.

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,see Figure 7, p. 18 
(Tripati et al., 2009; Gerhart and Ward, 2010). 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  
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next  glaciation period as  to cause “�����(���������������� ������ �
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�”. But, as I was reminded by Veyres44, man-made emissions are dwarfed by natural sources 
(for  their  formal  expression,  see  Equation  4,  p.35),  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; 2022). This was also very well stated by Crichton  
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starvation and disease, and as noted by Veyres “;�������������������������������(
����������
��
��
����(�
���� �
���F��
��������
�
�����������������
����������-���������
�����
��
�����������������	9�999b�'D;�(�����(�
��
������
� �
�����
�����M���������
�����������������
����
����������������
��������������������
���
��
���������
��
�������5(��
���� �
�����������������)����������������������������
���'D;�(�����(�
�” see note below.
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H — Dr. Tim Ball, Coast-to-Coast, Feb 6, 2007

There is now a powerful and very extensive body of vested interests supporting AGW, it has become what will be  
referred to in this book as the Climate Cult Complex (C3): 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  funding,  the latest  example  is  sadly  given by  Kemp et  al.  (2022).  So  the 
consensus and 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.

44 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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As a summary let me quote Frank (1994): “-����� ��������� �����������������������
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�The worst about the 
meaningless “consensus” has probably come recently as Cook45 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 Ph.D.  
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). Clintel.org provides a list of 1105 signatories so far (22 June 2022)  
for their climate declaration stating that there is no climate emergency. The right column of Fig.  9 represents some 
striking contortion to the normal scientific method and is observed when science and politics will interact in a close  
manner dealing with matters of potentially outstanding consequences sometimes to the entire humanity.  Carl Sagan 
was somehow a precursor in preempting the normal scientific debate and to bring it straight to the public opinion when 
more than 10 million Americans received their Parade magazine on Oct. 30, 1983. He used his unrivaled fame in the  
rest of the scientific community with the general public (following Cosmos) to try to impose his ideas. The scientific 
paper authored by Turco and some of his students, known as TTAPS, was only published later in “Science” on Dec. 23 
(Turco et al., 1983). A bitter confrontation ensued with Teller in several occasions and even before Congress.

The same happened again later and opposed Sagan and Singer during a TV programme on January 22, 1991 aired on 
the ABC News program Nightline about the consequences of the Kuwaiti oil fires that were caused by Iraqi military 
forces setting fire to a reported 605 to 732 oil wells. The fires were started in January and February 1991, and the first  
well fires were extinguished in early April 1991, with the last well capped on November 6, 1991. Sagan, his TTAPS 
colleagues and Paul Crutzen argued that the effects of the smoke would be similar to the effects of a nuclear winter, 
with Singer arguing to the contrary. After the debate, the fires burnt for many months before extinguishing efforts were 
complete. The results of the smoke did not produce continental-sized cooling. Sagan later conceded in (Sagan, 1995-97)  
that the prediction did not turn out to be correct: "�
�����(�
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����������
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��������((���*V.�W$������
�� �
;�������'�������
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� I did not sufficiently stress the  
uncertainty of the calculations" in Sagan (1997) p. 245.

45 https://ise.gmu.edu/faculty-directory/john-cook/   
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To be honest with Carl Sagan, he confesses quite a bunch of mistakes made over the course of his career just in this one  
page 245, from the ground atmospheric pressure that he expected tens of times lower and cloud composition of Venus  
that he expected were mainly made of water, to plate tectonics on Mars that he had envisaged and “�����������������
 �
��”, the wrong imputation of highish IR temperatures of Titan to some greenhouse effect whereas “ �
��������������� �
�
��
��(������
��(���
�������������”. He forgot and I will add the attribution of the ground temperature of Venus to 
some greenhouse effect instead of to a combination of extraordinary ground pressure of 93 bars and a solar influx of  
2633 W/m2 for Venus as compared to 1370 W/m2 as a reference for the Earth and just  593 W/m2 for Mars, see section 
Temperature = Solar Flux + Gravitational Lapse Rate, p. 71 for further explanations. This is sad as many supporters of 
the  Catastrophic Anthropic Global Warming (CAGW) fantasy keep referencing Sagan's testimony46 on  December 10, 
1985, before the US Senate Environment and Public Works Committee, as a supposedly proof of the danger of some 
Green House Effect (GHE), which is plain wrong.

In “The Demon-Haunted World: Science as a Candle in the Dark” Sagan deserves kuddos beyond his own mistakes as he
explains that science is not just a body of knowledge, but is a way of thinking that rests on the scientific method, as  
depicted in the right hand side of Fig.  9. He says “#��(����
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���scientific method”, Sagan (1997) p. 3, emphasis are mine.

Scientific thinking  is  both  imaginative and disciplined,  normally  bringing  humans to  an  understanding  of  how the 
universe  is,  rather  than  how  they  wish  to  perceive  it  unless  they  fell  pray  of  pseudoscience  “>� � �
 ����� ������� �
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��������������������� �
����(������������” Sagan (1997) p. 9. Alas, the CAGW hypothesis is pseudoscience or pathological science and does not 
offer outstanding evidences for an outstanding claim whereby 0,01% more to the global atmospheric composition of a  
harmless trace gas would derail the climate of this planet. He says that science works much better than any other 
system because it has a "����
?��������?�������������������" Sagan (1997) p. 34.  Superstition and pseudoscience “���(�
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”, Sagan (1997) p. 17. Skeptical thinking 
allows people to construct, understand, reason, and recognize valid and invalid arguments and this is what the CAGW 
mob tries to prevent us from doing, calling more and more often for outright censure of the dissenters called in a  
sneaky way “deniers” to make an hideous link to the Holocaust. 

Wisely, Sagan (1997) p. 244 states “>
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” alas, the  CAGW mob and its supporters rule that out fiercely as this would threaten their doctrine, social  
positions and economic interests. Sagan died in 1996, the year after publishing “����D����?@���
���2����T�"��������� �
��$���������
���D���” and he can be forgiven for all the errors he made for having acknowledged that science moves on 
correcting one mistake to the next and consecrated the scientific principle that should be, first and foremost, respected  
at all times.

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 “����:8
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”- 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).

46 https://www.youtube.com/watch?v=Wp-WiNXH6hI  
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” — Margaret Thatcher (1981)

No doubt that  Margaret Thatcher knew what politics is  about,  thus no wonder she is  an expert  at  defining what 
“consensus” is, but scientific knowledge is determined by something entirely different, i.e. by respecting the scientific 
method. Richard Feynman, Nobel Prize in Physics (1965), provided an insightful definition of the scientific method:  
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” — Richard Feynman 
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������;��������%��”, p. 150.

Abu Ali Hassan ibn al-Haytham47 an early pioneer in the scientific method five centuries before Renaissance scientists,  
said in the eleventh century “������������Y���
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47 https://en.wikipedia.org/wiki/Ibn_al-Haytham   
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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 temperature of  
the atmosphere included mainly convection48. 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.  «+���
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O». 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 “=��
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�������H 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:
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48 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  “ �� � 
��(d��
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����������������������������” "[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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» 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, 1941;  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.  «>�
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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 «-���
�
�����(��
����������
�����(��������������������� ���
��������(�������
������
�����
���(����» 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:

������� �
�

�� �� �
�

�
�

 (1)

with b=-0.0463 and c=-0.008204 determined by least squares where � 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)49).  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  «���������� ������
�����] �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 here50 and furthermore its CO2 and water vapor absorption profiles are completely false. The 
correct formula is:
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 (2)

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 51. As stated by Dufresne52 (2009) p. 27 “
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49 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.

50 http://www.crystran.co.uk/optical-materials/sodium-chloride-nacl
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�����������������$+	”. 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  144, p.  107, 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 now53 (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 doomsayers 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…

51 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 [CO2]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.

52 Translated from French with www.DeepL.com/Translator (free version), to provide as neutral a translation as possible.
53 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 CO2 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 CO 2 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 atmosphere y(t) in GtC, is a 
solution of the differential equation that expresses the law of conservation of mass: dy(t)/dt = input – output = input –  
y(t)/5 =  f(t) – y(t)/5  with f(t)=input, or : 
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 (3)

Note that dy(t)/dt went from 5 ppm (9 Gt-C) in 1959 to 22 ppm (47 Gt-C) in 2022. The solution is given by Veyres (2018)  
as:
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This applies separately 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 «
�����
�������
?���������������!:)3�����
��(����� �
.	�((�Z���
�������
�39�((�Z������������
���(��������������������
������!�((�Z���
��*
)�((�Z��
�<�
����������
� �
�������������
���
��(���
����
��
�������
�����
�������
?���������
��
�(��������
����R��:*/����
���$+ 	����
������������
�� �

�
���$+	����
��������������
��������(������������N!Z)O�����
».

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. 177) 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  
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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-
industrial CO2 emissions ought to be taken with caution as all these values are estimates without known accuracy and  
precision). Also observe that the natural fluxes have increased as a result of the temperature increase.

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, i.e. “"������,��
”, see note 269, p. 198, Keeling (1979) for 
the seminal paper and also Keeling et al. (2017). 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 5, 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): «-�����
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(corresponding to the Bern formula) this would lead to: 28% (-28 ‰) + 72% (-7 ‰)= -12.9 ‰ which does not match at  
all the observations, i.e. -8.6 ‰. 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 ‰, which matches well the -7 ‰ used 
here.

This is also the conclusion drawn by  Harde (2019) who states: «-����
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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 and particularly the tropical land surface (Salby and Harde, 2021b). In fact 850 / (90 + 80) = 5 years.

Some 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 surfaces54 of equal 
density which surface at high latitudes and later feed the inter-tropical up-welling. 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. 12 b). This observation alone does not imply that the [CO2] of 421ppm 
(June 2022) would rather stand at 395,75ppm had not the anthropogenic emissions taken place at all. We're going to  
see in the next developments and sections that things are slightly more complex than that 55, but using a new physics 
carbon cycle model that replicates IPCC’s natural carbon cycle and IPCC’s own natural carbon cycle data, Berry (2021)  
concludes “�
��������
����������������������������������0	*?*31�((���
��
����
���(�����������	9	9”, which is not far 
off from what was evaluated before.

Furthermore, as there are 3 main reservoirs, i.e. the ocean represents 92% of the circulating carbon, the vegetation and  
the soils 6%, and the atmosphere just 2%, thus any quantity of carbon entering into one of the 3 reservoirs, is divided  
equally between the 3 reservoirs in proportion to the mass contained by each of them when the time elapsed is long  
enough compared to the residence time in the reservoir; for example, for the 500 billion tons of carbon coming from 
"fossil" fuels that entered the atmosphere, 2% of the ≈ 500 billion tons, i.e., 10 billion tons or 4.7 "anthropogenic" ppm 
will remain in the atmosphere after say 25 or 30 times the residence time (125-150 years).

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) times (annual emissions of 8 to 10 Gt-C) = 40 to 50 Gt-C, which is 5% to 6% of the  
840 Gt-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:
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54 An isopycnic surface is a surface of constant density inside a fluid. Isopycnic surfaces contrast with isobaric or isothermal surfaces, which describe 
surfaces of constant pressure and constant temperature respectively

55 Critics like Gavin C Cawley (UEA, Artificial Neural Network) who hides behind the pseudo of “Dikran Marsupial” for Skeptical Science (?) in a  
comment on https://wattsupwiththat.com/2021/02/17/a-critique-of-bill-gates-new-book validates the residence time (good to know) but claims 
that I am mistaken because “���
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note that I addressed so far the issue of the residence time (do not distort my point) and with respect to “equilibration” we're going to see that  
despite the condescending tone of Cawley who says “�����
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of the “adjustment time” of the Bern1, Bern2, Hamburg, Delma Mégie are correct as displayed Fig. 15. Then claiming a rogue and vague time-
span of [50-200] years simply shows an absence of understanding of the dynamics of the process that follows an exp(-t/5). This is not overly  
surprising as the reference made by Cawley to the IPCC is funny as the Table 1 here https://archive.ipcc.ch/ipccreports/tar/wg1/016.htm (IPCC, 
2001), gives 5 to 200 years for the “-
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which gives 36.4% remaining in the air after 100 years! 
And very close to another Bern formula previously used:
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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 «�����
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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 CO2 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.

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).
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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 (drop to one half of it's 
original concentration), 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 9, 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).  Using Equation  9 with a  19 terms development of  the annual  anthropogenic  emissions since 1930 
enables us to precisely reconstruct the anthropogenic CO2 as a percentage ot the total atmospheric CO2. Over the time 
period 1930-2020.
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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 emt  = 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 emt = 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 11 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 12 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) “����;�������#�����������
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Another complementary explanation is provided by Veyres (footnote 44 p. 28) “���
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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.
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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/year56. 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 213.1015 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 Figure 12 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 CO2 circulation processes (Salby and Harde, 2021a). 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 Figure 12 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 ‰. Using the time series generated using Equation  9, that leads to Figure 10, it is very easy 
to compute the  δ13C ratio that results of the mixing of two reservoirs, the anthropogenic one having a δ13C signature of 
-29 ‰ (i.e. according to Bush et al. (2007) the δ13C values of coal, gasoline and natural gas combustion range between 
−27 to −25‰, −32 to −28‰ and −43.8 to −37‰ while crude petroleum varies more from -19‰ to -35‰, depending on  
geographic origin) and the natural one taken with a value of -6.9‰ in 1930 as per Fig. 2 of Keeling et al. (2017). This  
leads  to  the  following  reconstruction  of  the  Suess  effect,  based  on  the  percentage  of  anthropogenic  CO2 in  the 
atmosphere as per Figure  10, that matches perfectly the measurements based on average monthly values at Mauna 
Loa and South Pole stations, after removing seasonal cycles, see Fig. 1 et Fig. 2 of Keeling et al. (2017).
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Reconstructing accurately the Suess effect over the period 1930-2020, using the time series of the percentage of the  
anthropogenic CO2 left according to Equation 9 with a 19 terms development of the annual anthropogenic emissions 
since 1930, enables us to obtain an irrefutable evidence of the total contribution of the man-made emissions to the  

56 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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total [CO2] concentrations at MLO, a mere 5.97% of 413.79 ppm (2020), thus 24.71 ppm. This is a first rebuttal of the 
conjecture that fossil fuels would explain 100% of the increase of [CO2] of the keeling curve as measured at the MLO.

Let's be back to IPCC inspired models: Köhler et al. (2018) state that “ >����������������
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���������”. 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  
214, p. 290. 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 
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Past Climates p. 136). 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. 128).

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 
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. 128.

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. 84) and Colbourn et al. (2015) used the 
fitting of different numbers of exponentials  for an hypothetical 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  “=� � `�� ������ � ��
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��� � �5����� �A���� ������”,  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. “$����������
-�����������-
���(������$+	�D����)8” 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 Object58 (NEO) (e.g. Apophis, see Figure 75, p. 185) as there are unfortunately so 

57 Lord et al. (2016) use the term decay that has been avoided in this document to prevent confusion with radioactive processes.
58 Near-Earth objects (NEOs) are defined as all small Solar System bodies with orbits that lie partly between 0.983 and 1.3 astronomical units  

(149,597,870 km). If a NEO's orbit crosses the Earth's, and the object is larger than 140 meters (460 ft) across, it is considered a potentially  
hazardous object (PHO). As of this writing, the list provided by the Center for Astrophysics, Harvard & Smithonian at the minor planet center 
contains 2156 such objects: https://www.minorplanetcenter.net/iau/lists/t_phas.html. Geology and astronomy teach us that an object of at least 
1km causes a global catastrophe not like fantasized CO2 threat. As resources are always scarce mankind should focus them on where they are the 
most useful. A warmer climate if it were to happen is good news whereas colliding a >1.7 km NEO is a global catastrophe destructing an area the  
size of a large state, and an impact in the range [3-7 km] would lead to continental scale destruction and most probably to the end of mankind's 
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many of them dangerously roaming (Migliorini et al., 1998;  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, Veyres59 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  ARIMA60 (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 61(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 (TA) does not reach -0.8°C, he concludes that a decent forecast for 2100 is 540 ppm, which 
leads using IPCC formula 104 p. 110, 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. 517), 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 “������P���V�the atmospheric residence time of the greenhouse gas – is a highly policy  
relevant characteristic
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���A�����������P��”. 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) "<�������������������������� ��������$+	����������� �

�����,����
���
�������(
���������,����
���������(��������". That level of uncertainty and deliberate confusion would 
perfectly fit in the further section to come “IPCC and UNFCCC“, p. 436.

Beyond the excellent rebuttals by Berry (2019) or Essenhigh62 (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 formula 
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 floor 63; 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 CO 2 contents observed64 at 
Mauna Loa since 1958; they make the conjecture (IPCC AR4 2007 report) that the CO2 content of the air in 1750 was 
"	88�((��
��(�������������!
	�((�", as if they had the slightest idea of that!

story (NSTC, 2018; NASEM, 2019).
59 Personal communication on December 10th, while peer-reviewing the manuscript.
60 ARIMAProcess[0.121065,{0.951, -0.32 ,-0.33, -0.018, 0.22, -0.387}, 1 , {-0.49} ,0.36]
61 TA is the Temperature Anomaly, e.g. as displayed in Figure 20, p. 59.
62 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.
63 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.
64 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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As a general observation made by Veyres (2020e) and Veyres and Maurin (2020) “
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������”. The IPCC (Summary for Policy Makers, 2013, page 10 § B.5 third paragraph) says: "-�����
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���(����" 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.

&������!*
� i!�$������
�����
�����
���G=���H�������N���������O�����
�������������
���
�#%+�N������O
�"�������������N	9	9�O


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  14, 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.

&������!)
� $��(�����������������������q���>7&��N����������D�������
���
��	99)O���
��
��
�����������
��
�������������(����A������N*O �
����5(N?
Z)O������������������
��������
�����������������������h������h�����������N���������O
�"�����������������#����� �
N�	9	9O


 45



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 CO 2 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 15 
(decay time) and correspond to the following equations:
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as per Siegenthaler and Joos (1992), i.e. Equation 12 (same as Equation 7) and still mentioned in AR5 WG3 (2013) and 
gives a lifetime or residence time of 51 years!

���� ���������������������������� ���������
���� 
��	 �
����
	�
 � 
����

�� ��
�
 � 
��	�

����
�� � 
����

��� �
��	  (13)

as per Joos et al. (2001), i.e. Equation 13 (same as Equation 8), 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}.
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and gives a  lifetime or residence time of 101 years!, as per the Hamburg carbon cycle model of Maier-Reimer and 
Hasselmann (1987), i.e. Equation 14. The Delmas Mégie model is also very close to Bern1, Bern2 and Hamburg and all 
are drastically different from a exp(-t/5) response which is given by Equation 4.

These different Impulse Responses Functions (IRF) are fabricated to match long enough CO 2 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.

&������!.
� $�����������
���(�������$+	����������������!:99?	9!3�N����������O��������
�����Y����
����N!:89?	9!3O�N���������O �
������(�
������������(����
����������������������?�����(���������������
���A������:


 46



Let's go back to the contemporary era: one thing is for sure, over the period 1900-2018 458.08 Gt-C65 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  16 
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 CO 2 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 66 (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 global average CO2 solubility 
in the oceans would just decrease 2.5% (say from 40 to 39 milligram-atoms / liter of carbon, see Figure 17 and 18), the 
oceans would out-gas 950 Gt-C (2.5% of 38,000 Gt-C) which is more than the current total  CO 2  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).

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  17 
and 18). 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 128 p.291, and following  129, 130, 131. In the end the solution is obvious as the Primary Productivity (PP) of 
the autotrophs67 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 (15)

65 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. 128. The 
decimals will be dropped later in the text, not to be misleading with respect to the real accuracy to be expected.

66 The finding presented in this e-book and the CB explained p. 128 are in stark contradiction with IPCC's Ciais et al. (2013), p. 467 Col. 1, statement  
“2�
�������������������������� �������
���������������$+	� ���������������������������������������
��������������������������������������
�� �
�������
����������
�������������������������
���(������$+	�������
�����
�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 “���������������������� �����”!

67 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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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) 
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��“, 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: “�������������������������������
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�����������������������������”. 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: ”������������
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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: «&���������(����������$!*Z$!	�����$!�Z$!	��������������������� �
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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 «
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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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 (16)

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 CO 2 in the atmosphere. By setting R = 79�6�7��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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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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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 reasoning 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 as there is no durable steady state.

In fact, the degassing or uptake is a simple consequence of the CO2 partial pressure in seawater that shows extreme 
seasonal variations, as reported by Takahashi et al. (2002) “����($+	� �������������
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This physical effect on the degassing is instantaneous and is only limited by the diffusion from high-DIC layers at a depth  
of -100 m or -200 m to the low-DIC layers near the surface which are depleted by the degassing to the air.

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)68 and depends only on pCO2 air, see note69 and Equation 214 p. 290 and Equation 
215 p. 290.  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)  \�����������
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68 This formula is close to the one given by Takahashi et al. (2002).
69 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? “����
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� It was a mistake we all  
made
”  James Lovelock

We all know that  correlation is not causation70 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)71, 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  544,  p.  444).  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 CAGW 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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(26)

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 @ for Henry's law constants @=1/kH. Integrating 

70 http://www.tylervigen.com/spurious-correlations  
71 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 CO2 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 @(T) = @° exp[ (- Δsol Hσ,s / R) ((1/T)-(1/T°))]:

) �. ��) 2 �
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' �� �.� �
.2

�� (27)

A reminder along the same line of reasoning is also given by Latour (2014): «-�������������5�����
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�������». 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.
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Figure 17 shows that the solubility of permanent gases usually decreases with increasing temperature and CO2 solubility 
is thirty times that of oxygen (Marinov and Sarmiento, 2004). Given Henry's law Pσ  = xl

σ kH,σ,S (where xl
σ  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 xl

σ can only decrease: therefore for most gases the solubility decreases when the temperature 
increases (Figure  17). The average curve for 19 ‰ Cl of Figure  17, can be reasonably approximated using Θ as the 
temperature by the following  equation 28 and is showed in Figure 18.

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 (HCO3

−) 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.275):

a) CO2 + H2O <=> H2CO3 (reaction 203, p.278) and
b) H2CO3 <=> HCO3

− + H+ (reaction 198, p.277) and
c) HCO3

− <=> CO3
2− + H+ (reaction 199, p.277)

� ��	
 � �

��3� �

��
��3� ��  (28)

72 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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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] /  P
CO2

= 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, the rate of mass transfer of any component C,  across any gas-liquid interface is  proportional  to the 
difference between the partial pressure of C in the liquid and its partial pressure in vapor. The partial pressure 73 is a 
very simple notion, given by the mole fraction mfci of any individual gas component Ci in a gas mixture times the total 
pressure of the gas mixture Ptot :

44����� �� � 4 �"�  (29)

Thus, the partial pressure CO2 in air is 400 ppmv x 1 atm = 0.0004 atm

The partial pressure CO2 in the water (ocean) is given by Equation 30, � is the fugacity74, [CO2]w is the CO2 concentration 
in the water and Tw is the water temperature. When Tw increases, solubility decreases and PP

CO2  w
 increases, thus the 

ocean out-gasses.

44��-56� � � 
��-�6 � .6  (30)

Transfer rate of CO2 from air to water is: TRCO2 a-w is given by:

.'��-5�76�� � � ��44��-5��44��-56�  (31)

where r is the interfacial film coefficient (i.e. a mass transfer rate constant), and A is the interface surface area of  
transfer, PP

CO2 a
 is the partial pressure of the CO2 in the air and PP

CO2 w
 is the partial pressure of the CO2 in the ocean. If 

TR
CO2 a-w

 is  > 0 then the transfer is from the air to the water. If TR
CO2 a-w

 < 0, transfer is in other direction, from water to 
air. Equations 29, 30 and 31 ca be combined to give TR

CO2 a-w
 in (mol/hr):

.'��-5�76�� � � ���� �� � 4 �"�� � �
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	� � � 
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As a stabilizing effect, when PP
CO2 a

 increases, the transfer rate of CO2 from air to water increases; when Tw decreases 
TR

CO2 a-w
 is  > 0 and CO2 is dissolved (i.e. ocean is a sink in cold waters), when Tw increases, absorption rate decreases and 

when TR
CO2 a-w

 is  < 0 the ocean turns to out-gassing.

73 https://en.wikipedia.org/wiki/Partial_pressure   
74 https://en.wikipedia.org/wiki/Fugacity   
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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 “�d�d” behaves like a temporal low pass filter.

(Humlum  �
���.,  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: «������
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(Humlum �
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, 2013).

Humlum �
���. (2013) conclusions should not have come as a surprise as these results could have been anticipated from  
the work done by Kuo �
���. (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: «������(�
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, 1990). Similar 
results are obtained using different methods by Koutsoyiannis and Kundzewicz (2020).

Humlum  �
 ���
 (2013)  results  have  not  triggered  a  lot  of  enthusiasm  in  the  'CO2 greenhouse  effect  explains  all' 
community and Kern and Leuenberger (2013) argued «!O����
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judgment, but it appears that as will be developed later and summarized in Figure 48 p.128, 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. 35 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  

75 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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delay of CO2 is of a few months (Humlum �
���
, 2013). For ice cores from the Antarctic, many authors have, since 1999 
(Fisher  �
���
, 1999;  Mudelsee, 2001;  Monnin et al.,  200176; 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. «@���?����������
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Even the third author of (Caillon  �
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, 2003), i.e. Severinghaus (2004) had to acknowledge that  CO2 cannot be the 
driver of climate change at a glaciation  termination «&�����
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his own major discovery, a typical example of cognitive dissonance (a psychological defense mechanisms that will be 
elaborated further on later, i.e. p.449), Severinghaus (2004) adds «"���������������
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���������������». 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) «����������
��
�������
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Severinghaus (2004)  is no exception to the rule by declaring «�����(�������������������$+	� 
���
��
�������������
�399 �
��������
��
������$+	����
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���������G��������H������������
������������
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������
������ �
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���������(�����».  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,  
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 «"��Y����
����������������
���$+	������������
�(�����!99���������������5���� �
���������7�4�9
3���
��������������$+	� ���:99����». Furthermore, in order to evaluate the sensitivity of the lag, the 
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Results obtained from the EPICA Dome C are also consistent with what has been presented before for a different  
termination. Landais �
���. (2013) report «@�������(�����
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” In: Monnin et al. (2001) p. 113.
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���(������$+	� ������
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(�����>>?�». Same for Roe (2006) “&��
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Recently, in a paper that has an interesting life in itself as it was retracted by “$�(�������” post reviewing, acceptance 
and publication due to pressures from the French representatives to the IPCC77 based on arguments that had nothing to 
do with the scientific content of the paper but arguing about the alleged credential of the author even though he is “ �� �
��e�����������e������ �������������&���v����78”,  Richet (2021) questioned based on fundamental logic and on the 
concepts of cause and effect the oft accepted idea, but already rejected here as seen before, that CO2 could be a major 
climate  driver  “�� � �(��
���������� � �5�������� � �� � 
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epistemological dimension to his writing that was not of the liking of the Climate Cult Cartel (C3) that “���������� �
���������
����
������?�������
��������������(���������������
��������
�����������
������������� ������������������������� �
��������-���
�
������
���*
�����
����=$�
�-�����(�����������
�����
��((�����
���������������������������
���� �$+	� �� �
��������
��
���
����
��
�����F����������������
��������
������������
�
�I�������
�����������������(���������
������ �
�������������������
�������������
�����������������
���(�����
�������
������(���
�����
����
����
����
��������� �
������������,��
�����
���(������$+	�N����$@*O����(�������
��
��
������
�����(���
��������
�
������
�*	�����”.

&������!:
� ���(���
��������������Np�O����
������������
���������������
���(������$+	�������
�������
��������
�
������
�*	����� �
���
������
��������������
��������
�������#��������
�������������������
�-�����
�������;��
��
���
�N!:::O������������
�� �
�������������������������P��(����A�������
���N2��w	O��������
�
���
�(�������(��
��������������������������������Q��� �
�
�.)x�<
�-Y���7����
�N	9	!O


Interestingly, Richet (2021) analysis started from an interesting publication by (Broecker, 2018), that I disagree with  
many peremptory claims lacking proper scientific evidence,  but  more specifically  in  Figure 6.1 p.  167 of  Broecker  
(2018), the legend states “=��������������������������������
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�&����5��(����the interglacial CO2 peaks are wider  
than those for air temperature”. This remark could not escape the sagacity of a good physicist like Richet (2021) with  
proper training in spectroscopy who notes that  “2�
���������
��
���(�����
��� � ��������
��� �this  record may be  
considered as spectra����(��������(��������
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��������������
������������������ �

77 Censoring appears to be ramping up as never before and this will be dealt with in section “Acceleration of the Dystopia“ p. 512.
78 https://www.ipgp.fr/fr/richet-pascal   
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�����
���������(����������
�����������(��
��
�����������” and thus uses the notion of full width at half maximum of 
a given peak to quantify the time intervals of the glacial–interglacial transitions. 

Despite the asymmetry between the warming and the cooling phases leading to different adjustment times and lag 
times between CO2 and T, the basic logic principle is to state that identifying the cause and the effect is straightforward 
because an effect cannot last for a shorter period of time than its cause. Measuring the full width at half maximum of a 
given peak gives the duration of any episode that have been reported as horizontal thick bars with an underlying  
number (the duration) in Figure 19 and while the temperature full widths range from about 7 to 16 kyr, those of the 
CO2 range from 14 to 23 kyr and all peaks, whatever the cycle be it V, IV, III or II are also narrower for temperature than 
for CO2.

So not only have the CO2 concentrations lagged the temperature as we have seen before, sometimes not by much as 
close coupling with the oceans must be expected and is in agreement with the fast adjustment of atmospheric CO2 to 
changes in the seawater surface temperature as reported by Humlum et al. (2013) in a study already cited covering the  
1980–2011 period, but Richet (2021) now demonstrates that the temperature peaks have lasted less than the  CO2 

peaks. Thus, 1) as an effect cannot precede its cause (T precedes CO2), and 2) as an effect cannot disappear while its 
cause is still present and high CO2 concentrations or even higher CO2 levels (e.g., cycle II) should result in temperature 
increases and not decreases as observed in all cycles, given that the T mid peaks widths are shorter than CO2's, i.e. 16 
kyr (T) –  23 kyr (CO2) for Cycle IV, 7 kyr (T) - 14 kyr (CO2) for Cycle III and 15 kyr (T) - 23kyr (CO2) for Cycle II, the AGW 
conjecture does not stand and CO2 cannot be the climate driver.

Furthermore, Richet's (2021) paper brings an epistemological dimension that puts the crusaders of the flawed CAGW  
conjecture in such dire straits that they decided not to follow the normal scientific practice of writing a comment that 
would be peer-reviewed and later  published in  the same journal  and that  would eventually  would have led to  a 
response by Richet, instead they got so upset that their shoddy science be put in full light that they went into full  
censorship mode. This does not seem neither wise nor clever given that computers will not only be used to run dubious 
climate models but also to record accurately all what happened making it more difficult for the Inner Climate Party  
(Orwell, 1949) to clean their tracks behind them.
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As we have seen in the introduction, there are few certitudes, the time series of real measurements are very  
limited especially as  CO2 concentrations in the atmosphere are concerned, i.e. 1812 and data between 1812 and the 
start in 1958 of the MLO series have been discarded for dubious reasons when they should have instead be considered 
of great value, despite the careful treatment that should be given to them for various reasons that are well known, and  
the posthumous Beck (2022) paper shows that a group of scientists have pulled together a decade after the passing of  
the author in 2010 to make a rebuttal of the undue dismissal that they had endured. These measurements have value 
and cannot be discarded out of hand. With respect to temperature measurements, longer time series are available than 
for CO2, e.g. CET is monthly from 1659, and a daily version has been produced from 1772 (Parker et al., 1992), but many 
problems  arise  from  changes  of  measurement  procedures  and  the  growing  influence  of  the  urban  island  effect.  
Moreover, measurements are very unevenly distributed over the planet and it is not before 1979 and the satellite MSU  
data series that sort of undisputed data are available. All the rest are proxies obtained from indirect methods (e.g. ice-
core, tree-rings, etc.) and though useful cannot be considered of sufficient quality to identify the physico-chemical 
processes that operate and that should account for the observations. Once these mechanisms have been established  
following the principles of the scientific method, then and only then these proxies can be further used, still cautiously,  
to extend the range of the fundamental understanding based on measurements.

Thus,  the  most  important  thing,  beyond giving  a  sense  to  Beck's  (2022)  compilation of  data  and its  far-reaching  
implications, is  to be able to account for the measurements,  real  quality measurements,  i.e.  using MLO [CO2]  and 
satellite data. Discussions about spurious correlations established around the long term trends of variable X or Y, or  
using long term moving averages that  smooth the signal  are just  worthless and just  serve the obfuscation of  the  
scientific truth. These sophists reasoning are led backwards and most often try to demonstrate that the long term trend  
in [CO2] are correlated, e.g. to the long term trend of anthropogenic emissions. These practices should be denounced as  
explained by  Munshi (2015; 2016b) as they are baseless. 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) «-��
��������������� ���
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���� �$+ 	� ������������ ���
�� �
�
���(����». See also Munshi (2016a) for spurious correlations.

Let's now focus on describing how MLO [CO2] and satellite data time series can be analyzed to give them some physico-
chemical meaning. The conclusion of what was presented in the previous section is straightforward and unequivocal: 
CO2 is just a lagging proxy on the temperature and the natural and regulating source is dominantly the oceans (94%). 
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 33 by Veyres (2018) :
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� �
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�� ��� 8 �
 9  (33)

Now, let's first note that  Park (2009), a geology professor at Yale, employed 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. It is also worthwhile to draw the reader’s attention to the work of Beenstock �
���., (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) or TA (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.

Now let's define: ynatural (t) the atmospheric stock of natural CO2 that went from 310 ppm to 397 ppm over the period 
1958-2022 and y anthropogenic (t) the atmospheric stock of anthropogenic CO2 that is easily computed from the law of the 
conservation of mass in a reservoir dy(t)/dt = input – output = input – y(t)/5 and went from 5 ppm (9 Gt-C) in 1959 to 22 
ppm (47 Gt-C) in 2022.
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The grey curve of the next Figure  20 is dy1 (t) / dt for dt = 12 months; with y1 (t) = y (t) - y2 (t) that is calculated by 
removing from y(t)  measured e.g.  at  the Mauna Loa Observatory (MLO),  the small  quantity y2 (t)  calculated from 
economic statistics79.  The derivative dy1 (t) / dt is correlated to the yellow-green curve, i.e. a Linear Function (LF) of the  
inter-tropical UAH-MSU Temperature Anomaly (TA), given by the following equation:

:(;�)7<=;�����. �� ��. 
�"� :(;�)7<=;�����.� ������
��2� ��  (34)

T (t) is the monthly mean of the temperatures of the inter-tropical lower troposphere and TA (t) is the quantity, called 
anomaly, obtained by taking the difference of T (t) and of 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  
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). 
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One shall notice that unit root tests82 on time-series made popular by David Dickey and Wayne Fuller (Maddala and 
Kim, 1998) or KPSS (Shin and Schmidt, 1992)  require the ppm curve to be derived once with respect to time before 
attempting a correlation with the temperatures. The reason for that is that the time series analysis shows that the  
series of the CO2 ppm are ARIMA83 I=1 (non-stationary) while the TA(t) is ARMA84 (stationary). The time series of the 
emissions since 1959 is characterized by: ARIMAProcess[0.059, {}, 1, {-0.18}, 0.024]  and y(n) Gt-C/yr is y(n) = y(n-1) +  
0.059 -0.18 e(n-1) + e(n) where e(n) is the Gaussian noise, while the time series of the sea surface temperature anomaly 
between 20°S and 20°N, i.e. TA(t) is a stationary ARMA process, ARMAProcess[0.0082,{0.956},{0.125, 0.120}, 0.0038]  
with y(n) = 0.0082 + 0.956 y(n-1) + 0.125 e(n-1) + 0.12 e(n-2) + e(n).

Figure 20 shows that the correlation between these time series, except for anomalies related to volcanic eruptions e.g. 
Pinatubo's 1991 eruption, the effects of which are discussed in Salby and Harde (2021b), is R 2=0.85. This is a very high 

79 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.
80 the ppm series is of the ARIMA or SARIMA type with I=1 and must therefore be derived once with respect to time before any attempt is made to  

correlate it with the intertropical temperature series or with another stationary series.
81 http://apdrc.soest.hawaii.edu/datadoc/msu_uah_anom.php   
82 https://en.wikipedia.org/wiki/Unit_root_test   
83 AutoRegressive Integrated Moving Average (ARIMA) models use differencing to convert a non-stationary time series into a stationary one, and  

then predict future values from historical data. These models use “auto” correlations and moving averages over residual errors in the data to  
forecast future values.

84 An Auto Regressive Moving Average (ARMA) model is used to describe weakly stationary stochastic time series in terms of two polynomials. The  
first  of  these  polynomials  is  for  autoregression,  the  second  for  the  moving  average, 
https://en.wikipedia.org/wiki/Autoregressive%E2%80%93moving-average_model 
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correlation  for  two  accurate  time  series  obtained  by  reliable  measurements  that  are  processed  according  to  
appropriate statistical  methods, their  correlation is  significant at  the 99.99% level  because they rest  on dozens of  
independent degrees of freedom (reflected in the number of random fluctuations in the two records) as explained by 
Salby  and Harde (2021b).  Furthermore,  a  clear  physico-mechanism is  known and account  for  the observations.  If  
Henry's law applies to the interface of a  single temperature water surface, it  cannot apply to a set of global ocean 
surfaces where temperatures are from -2°C to +34°C, for which the flux of CO 2 out-gassed from the sea water to the air 
is proportional to the difference of the partial pressures in the water and in the air according to Equation 214, p. 290, 
and any chemist can check the sea water carbonate (and borate) equations.
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Furthermore, as visible on Figure 21 and further explained by Barry et al. (2010) “I�������
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The flow of carbon dioxide between the surface ocean and the air follows from the difference in partial pressures  
(Wanninkhof, 1999; 2009; 2013) G����������
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�<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).

The correlation between dy (t) / dt and TA (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.
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It is therefore a mistake to say that increases in [CO2] in ppm observed at MLO are correlated with CO2 emissions 
from fossil fuels. Five more rebuttals to this misconception will be presented hereafter.

85 U2 is the second order moment of the wind speed (Wanninkhof, 1999; 2009; 2013)
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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 20, on the inter-tropical ocean temperatures. This is simply obvious as 
displayed on Figure  22, 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. Let's provide just an example that  
shows how obvious it is that Nature and not man-made emissions accounts for the observations. In 1973 the annual  
ppm increase is 2,97 ppm for emissions 17.44 GtCO2 while the next year, in 1974, the ppm increase is a minuscule 0.09 
ppm for similar emissions of 17.40 GtCO2, thus 33 times less in 1974 than in 1973 while emissions are the same!

The Airborne Fraction (AF) is given at 40% by Jones and Cox (2005) even though they themselves acknowledge that  
“���������(����
��
�*9/��� �
����������������������� ���
����
���(�����N


O  does not explain their  inter-annual  
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” Richard Feynman's saying beginning one of his Caltech 
lectures.

The large inter-annual variability that is unrelated to anthropogenic emissions is a  second rebuttal of the conjecture 
that fossil fuels would explain 100% of the increase of [CO2] of the keeling curve as measured at the MLO (remember 
that the first came with the explanation of Figure 13, p. 41 dealing with the reconstruction of the Suess effect).

The simplest observations disprove the rule here: what was the AF in 1973? (2.97*7.8)/17.4=133% and what was the AF 
in 1974? (0.09*7.8)/17.4=4%. If the AF can be > 100% it already makes no sense, but if it can change from 133% one  
year to 4% the next, it falsifies the notion of Airborne Fraction that becomes an Airborne Fiction. Adding insult to injury 
Jones and Cox (2005) claim “�
���������������������
��
�
�����
���������������������������((��5���
������������
�� �
����������0"��������
���
��!::.1”, citing IPCC's report. The only sure thing is that the [CO2] in year n (e.g. 414.72 ppm in 
2021) equals the [CO2] in year 0 plus the sum of the ppm yearly increments, i.e. the δCO2 (t) for t=1 to n. 
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Given the very simple Equation 35, if one cannot explain the δCO2 (t), and obviously Jones and Cox (2005) acknowledge 
they can't, then one cannot claim anything meaningful about [CO2]t=n, in year n. How scientists can remain blind to 
simple observations and to the most obvious evidences that falsifies their assumptions remains a mystery.
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But, as shown in Figure 23, the time series of the δCO2 (t) can be reconstructed as Veyres (2018, 2022) explains «@�����
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���». The fact that the time series of the 
annual changes, i.e. δCO2 (t) can be reconstructed by Veyres (2022) using as simple a function as the following:
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i.e.  Equation  36,  shows that  the ppm increments  δCO2 (t)  can be essentially  reconstructed using  the Temperature 
Anomaly (TA) and the Sea Surface Temperature (SST) and proves that there exists only very little dependence on man-
made  emissions  and  also  falsifies  the  narrative  that  increases  in  ppm observed  at  MLO are  correlated  with  CO2 

emissions  from fossil  fuels. The  difference  between the  grey  and  the  black  curves  corresponds  to  the  difference  
between “with anthropogenic emissions” (black) and “without” (grey), and matches Berry's (2021) analysis already  
cited “�������������������������������0	*?*31�((���
��
����
���(�����������	9	9H . Basically, the addition over some 
2069 months (1850-2022.5) of the monthly increments computed using Equation  36, or a close variant of it, is the 
change of the stock of CO2 in the atmosphere from natural net degassing, and delivers 116 ppm, which together to the 
addition of +24 ppm, i.e. Berry's (2021) low range, for the contribution of the fossil fuels related emissions, delivers a  
total of 140 ppm that matches exactly the difference between [CO2]2022.5 - [CO2]1850 = 417-278 = +139 ppm.

Thus, the temperature increase since 1958 is responsible of 84% of the total increase of the inputs (+18 ppm/year)  
while fossil fuel related emissions of just  16% of the total increase of the inputs (+3.5 ppm/year).

That's a third rebuttal of the conjecture that anthropogenic emissions would explain 100% of the increase of [CO2] of 
the keeling curve as measured at the MLO.

If one looks even more closely than the annual δCO2 (t) increments and searches for a correlation between the monthly 
emissions  and the  monthly  increments  of  the  ppm,  one is  not  disappointed and the  result  is  very  telling  as  the 
coefficient of determination is: R²=0.01 ! Zero!

86 Communication over Clintel's discussion / review group of the initial 2nd edition of this book.
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Next Figure 24, is in itself a fourth rebuttal of the conjecture that anthropogenic emissions would explain 100% of the 
increase of [CO2] of the keeling curve as measured at the MLO. There is not the slightest correlation between the 
monthly emissions detrended and the monthly increments of the ppm detrended.
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If one has still any doubt, let's add what Pr. Murry Salby said during his conference given at University College London 
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!�((��Z��O” (Salby, 2016) 10'00. How can the δCO2 (t) depend on the fossil fuel emissions if they 
rise  at  the same rate  when emissions increase 200%? The entire conference of  Pr.  Salby  is  brilliant  and offers  a  
complete rebuttal of the entire AGW theory and is well worth watching.

That's a fifth rebuttal of the conjecture that anthropogenic emissions would explain 100% of the increase of [CO2] of 
the keeling curve as measured at the MLO.

One of the problem stems from the fact that many people consider the global increase of the [CO2] of the keeling curve 
as measured at the MLO over a long period of time (the trend) and correlates that increase with the global increase of  
the  anthropogenic  emissions  (another  trend).  That's  utter  non sense  as  any  two straight  lines  (the  “trends”)  are 
perfectly  correlated  but  the  statistical  value  of  that  observation  is  zero!  Nonsensical  false  correlation  based  on 
smoothing or trends have been known for long and addressed by Munshi (2016a). 

Also notice that if the increase had come entirely from the anthropogenic emissions (118 ppm) as some wrongly infer  
from spurious correlations based on trends as mentioned above, given the particular isotopic signature of the fossil  
fuels, the isotopic δ13C ratios (see Equation 5, p. 36) would be completely different from what is measured, i.e. indeed 
418-300=118 ppm and thus it would lead to: 300 ppm (-7 ‰88) + 118 ppm (-29 ‰89) = 418 ppm (-13.2 ‰). But this value 
of -13.2 ‰, that would correspond to an increase having a 100% anthropogenic origin, does not correspond at all to the  
measured δ13C of -8.6 ‰! The same reasoning is developed by Harde (2019).

That's a sixth rebuttal of the conjecture that anthropogenic emissions would explain 100% of the increase of [CO2] of 
the keeling curve as measured at the MLO.

87  https://www.youtube.com/watch?v=sGZqWMEpyUM 
88  This is the pre-industrial value recorded at Law Dome (Antarctica) over 1000 years as per Rubino et al. (2013) -6.50‰ to -7.0‰
89 This is the δ13C isotopic signature of the fossil fuels.
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Basically the mass of CO2 in the atmosphere is commensurate to the CO2 fluxes. Before any significant anthropogenic 
perturbation, one could write MCO2  ( F� _NIN – F_NOUT) where F_NIN is the Natural INput and F_NOUT is the Natural OUTput, 
and each year, a small increase or decrease may be observed based on the changes of these fluxes that represent the  
net balance for any given year, thus: 
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Now let's introduce a positive anthropogenic perturbation,  F_ANT > 0. What this means is that the previous equation can 
be re-written as:
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that will lead to a new total atmospheric mass of CO2 that will correspond to the new net balance of the fluxes and thus  
a new equilibrium is reached further to increase of the term ΔpCO2 of Equation 25 p. 50. Of course, exactly the same 
new equilibrium would be reached for F'_NIN (t) = F_NIN (t) + F_ANT (t), if the Natural Input flux(es) had increased by the 
corresponding F_ANT (t),  there is nothing special to the anthropogenic perturbation. Thus, the previous Equation  38 
would simply be re-written as Equation 42, with
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This  shows  that  a  change  of  the  natural  fluxes,  has  as  great  as  an  effect,  as  the  addition  of  the  anthropogenic  
perturbation. Note, first that it  happens that the natural fluxes are not known to an accuracy any better than the  
anthropogenic perturbation when one must consider suddenly 58.5 GtC of natural fluxes that were not accounted for  
before or rather just for just 0.3 GtC in the IPCC AR6 carbon budget ( Pollard, 2022) and second that these fluxes are 
estimated  to  be  huge  with  respect  to  the  anthropogenic  perturbation,  at  least  20  times  larger,  and  have  been  
significantly increasing these last decades with the rise of the temperature. Though the IPCC figures must be taken with  
the greatest circumspection, let's recall that as per the IPCC AR 5 (figure 6-1, page 471) the fluxes have changes in the 
following manner: 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 +34GtC yr-1, i.e. +20% and amounts 
to  three  times  the  anthropogenic  emissions).  One  must  stress  the  difference  for  the  oceans  between these  two 
successive reports that underlines the high level of uncertainty that plagues these numbers, as evidenced by the -12GtC 
gap for the oceans, i.e. between the IPCC AR4 (figure 7-3 page 515) that gave 70 Gt-C (pre-industrial) +22 Gt-C = 92Gt-C, 
and AR5 that comes up with 80 Gt-C, i.e. 80 GtC (AR5) – 91 GtC (AR4) = -12GtC, a gap larger that the total man-made 
emissions in 2022!

Thus, once this anthropogenic perturbation is introduced a new equilibrium is found rapidly that corresponds to a  
slightly increased total mass of CO2 in the atmosphere90.

Maintaining as long as one wishes that anthropogenic perturbation does not change any longer the total mass simply  
because a new steady state is reached that corresponds to the new equilibrium of all the fluxes, In and Out, whatever 
their origin. This is due to the fact that the new mass added to reach the new equilibrium has increased the partial  
pressure in the atmosphere P

CO2 _atm
 to the exact point where more CO2 finds its way back into the OUTput fluxes, such 

that this new mass satisfies:
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90 For what we're interested in here, Bernoulli's principle states that an increase in the speed of a fluid occurs simultaneously with a decrease in the  
fluid's potential energy (it was Euler in 1752 who derived Bernoulli's equation in its usual form). This equation actually expresses that the energy  
balance along a current line is a constant = e_c+e_z+e_p where e_c = (1/2 mv2) / V = 1/2 ρ v2 is the kinetic energy density (kinetic energy per unit 
volume, m being the mass of the volume V of fluid) ; e _z = mgz / V = ρ g z is the volume density of potential energy of gravity ; e _p = p V / V = p is 
the volumetric energy density due to the work of the pressure forces. Thus, be it for an incompressible flow equation or a compressible flow 
equation the increase of the speed of the flux (what we are interested in here due to the increase of the CO2 atmospheric mass due to the 
perturbation) will be as the square root of the other parameters, e.g. v = sqrt [ -2 (gz + p / ρ) ]
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So  what  does  create  the  inter-annual  variability  ?  Simply  the  annual  imbalance  positive  or  negative,  that  keeps  
happening every year between the natural fluxes, the F_NIN (t) and the F_NOUT (t), thus the δ (F_NIN (t) – F_NOUT (t)), this is 
what drives the annual increments measured at MLO.

Why do these natural fluxes change?

The partial pressure of CO2 in the sea water is very sensitive to the temperature of the sea water and as was indicated, 
the flux of CO2 out-gassed from the sea water to the air is proportional to the difference of the partial pressures in the  
water and in the air. Several variant of a similar equation have been proposed by Takahashi et al. (1993, 2002, 2009) to  
compute the (pCO2)sw at Tin  situ and are pretty similar. Another formula is given by Equation 214, p.  290 and delivers 
comparable results base on T, DIC and Talk for a salinity S=35. To get a feel of the sensitivity of such an equation to the 
temperature, T, once can compute the term dependent on T of such an equation and observe that for a change from 
288K to 289K, just an increase of one degree, one gets:

=400*(288/299)12,5 = 250.3665
=400*(289/299)12,5 = 261.4527

thus an increase of (261.4527 / 250.3665)= 4,43%, i.e. more than a 4% increase for the partial pressure in the sea water  
for a 1° increase. Small changes of temperature trigger fast increases of the (pCO2) sw and thus outgassing of the tropical 
oceans.

That's what leads during the warm years like 1973 to an immediate outgassing of the tropical oceans 91, that is very well 
visible the El Niño years with large annual increments e.g. the winters of 1957-58, 1965-66, 1972-73, 1982-83 and 1997-
98, while La Niña years the δ (∑ F_CO2 (t)) → 0, with annual increments that can be as low as zero as measured in 1974. It 
is pretty easy to fathom that F_NIN (t) and the F_NOUT (t) fluxes being 20 times larger, at least, than F_ANT (t) small changes of 
one or the other can completely offset the role played by F_ANT (t). Furthermore, the effect of F_ANT (t) on MCO2 is already 
factored  into  the  measured  total  MCO2 (t),  that  represents  a  new  equilibrium  accounting  for  the  anthropogenic 
perturbation. Finally, F_ANT (t) is very regular and monotonically slowly increasing, it is then completely logical that the  
inter-annual variability be explained not by F_ANT(t), but by the differences between F_NIN (t) and F_NOUT (t) happening from 
one year to the next. The trend observed from MCO2 (t=0) to MCO2 (t=n) is just the sum of the annual increments as per 
Equation 35. As each inter-annual increment is determined by the temperature of the inter-tropical oceans, the same 
applies to the sum of them that represents the trend. This is what explains the very high correlation displayed Figure 
20, that is backed by clear physico-chemical mechanisms described by Takahashi et al. (1993, 2002, 2009) and Equation 
214, p. 290. What drives the increase of the temperature of the tropical oceans is inconsequential to this discussion and  
is not the increase of CO2 in any case. A far more detailed explanation along the same lines is given by (Salby, 2012;  
Salby and Harde, 2021b) and see footnote  87. The relationship between the three reservoirs is governed by three 
coupled differential equations of the same form as Equation 3, p. 35, for the atmosphere.

As a conclusion, the conjecture that anthropogenic emissions would explain the increase of [CO2] of the keeling curve 
as measured at the MLO is totally rejected and it also follows that the anthropogenic emissions cannot explain the 
trend, as the trend is just the sum of the increments.

Where  does  this  error  come  from,  which  is  so  well  established  in  people's  minds,  of  wanting  to  explain  the  
concentrations measured at MLO by anthropogenic emissions alone? From a basic error consisting in wanting to explain 
a global stock by a single small flux which is of the order of one twentieth of the global fluxes, or even less. One can only 
compare one flux to another flux, or one flux variation to another flux variation (e.g. the time derivative), or one stock 
to another stock or one stock variation to another. It is inept to pretend to explain a global stock change by a tiny flow 
as compared to the sum of all  the flows. The solution if  we are interested in the variation of the global stock of  
atmospheric CO2 is to consider the variation of the anthropogenic stock d[CO2]ANT/dt which is a component of the global 
stock. Fortunately we can use Equations 3 and 4, p. 35 applied to the sub-stock of the anthropogenic component or we 
can also use Equation  9, p.  39 to reach the same results. Camille Veyres (2022) (see footnote  86) used the former 
method and used the latter. We obtained the exact same results.

From dy(t)/dt = input(t) - y(t)/5 we derive the following from the MLO observations:

91 As per Spencer (2022) The tropical (20N-20S) anomaly for June 2022 was -0.36 deg. C, which is the coolest monthly anomaly in over 10 years, the  
coolest June in 22 years, and the 9th coolest June in the 44 year satellite record. It will be interesting to see how this affect the inter-annual  
veriability in 2022.
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� In 2021: input(t) = dy(t)/dt + y(t)/5 = 2 ppm/year + 417 ppm/5 = 2 + 83.4 = 85.4 ppm/year = anthropogenic 
input + input from natural outgassing = 4.6 ppm/year + 80.8 ppm/year ;

� In 1959: input(t) = dy(t)/dt + y(t)/5 = 0.8 ppm/year + 315 ppm/5 = 0.8 + 63 =63.8 ppm/year = anthropogenic  
input + input from natural degassing = 1.1 ppm/year + 62.7 ppm/year.

with 1 ppm = 2.12 billion tons of carbon content and 44/12 times that in mass of CO2.

and therefore the sub-stock coming from the anthropogenic emissions is the solution of:
dy_ANT (t)/dt = input_ANT (t) - y_ANT (t) /5 whose solution is given by Equation  4, p. 35 for the sub-stock of anthropogenic 
CO2. Using Equation 9, p. 39 with great enough a number of terms in the series (i.e. here 19) delivers the same results  
and enables us to reconstruct the anthropogenic stock from the emissions and the annual variations of that sub-stock  
(i.e. its time derivative).
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The annual variations of the anthropogenic stock over the period 1930-2021 expressed in ppm displayed in Figure 25 
(its time derivative), range from a slightly negative value (i.e. exceptional Covid year 2020) to a maximum of 0.6 ppm  
and cannot of course explain variations of the total stock that are much bigger. The variations of this sub-stock can only  
contribute to a small  part of the variations of the total  stock displayed Figure  26 over the period 1950-2021, and 
furthermore the variations of the two are not correlated.
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The  range  of  the  annual  variations  of  the  total  stock  of  atmospheric  CO 2 is  logically  far  larger  than  that  of  the 
anthropogenic sub-stock alone and the variations of the former cannot result from those in the latter. The very wide  
swings displayed Figure  26 correspond to strong ENSO regime changes and are unrelated to the variations of the  
anthropogenic sub-stock.

To finish convincing ourselves and get a visualization of the contribution of the variations of the anthropogenic sub-
stock to the variations of the total atmospheric CO2  stock, a graph displaying the variations of the anthropogenic sub-
stock expressed as a percentage of the total stock is appropriate. Abnormal years will also be very visible, e.g. see the 
abnormal years 1965 and 1974 where the variations of the anthropogenic are far superior to the variations of the total  
stock (i.e. 0.3 ppm against 0.15 ppm in 1965 and 0.48 ppm against 0.09 ppm in 1974).
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Displaying on the same Figure 27, the annual variations of the anthropogenic CO2 sub-stock expressed as a percentage 
of the variations of the total CO2 atmospheric stock, shows that  apart from the exceptional years mainly related to 
major natural events like strong ENSO regime changes (that invalidate in themselves the narrative of the Airborne  
Fraction), the variations of the stock of the former only account for a very small part of the variations of the latter, if  
any at all.

Let's  summarize:  we have  seen  that  the  anthropogenic  (ANT)  stock  [CO2]_ANT can  be  calculated,  that  it  delivers  a 
reconstructed Suess effect that matches 100% of the observations (see Figure 13 p.41) and that the (d[CO2]_ANT)/dt have 
as low a correlation as 0.151 (Pearson) with the (d[CO2]_TOT)/dt, thus they cannot explain neither the ppm increases at 
MLO nor the total concentrations [CO2]_TOT, as the total concentrations simply result of the sum of the ppm increases as 
per Equation 37 p.  64. From thereof, naming the anthropogenic emissions  CO2_EMIS, one can compute the correlation 
between d([CO2]_ANT)/dt  and d(CO2_EMIS)/dt  =  0.588 and the correlation between d([CO2]_TOT)/dt  and d(CO2_EMIS)/dt  = 
0.062 !!!

The derivative of the emission explain fairly well the derivative of the ANThropogenic stock d([CO2]_ANT)/dt but not at all 
the derivative of the TOTal stock d([CO2]_TOT)/dt.

One line of my Open-Calc92 summarizes it all:

1. Correlation between [CO2]_ANT and anthropogenic CO2_EMIS emissions = 0,991
2. Correlation between d([CO2]_ANT)/dt and d([CO2]_TOT/dt = 0,151
3. Correlation between d([CO2]_ANT)/dt and d(CO2_EMIS)/dt = 0,589
4. Correlation between d([CO2]_TOT)/dt and d(CO2_EMIS)/dt = 0,063

In plain english:

92 This project is run without funding, none. Thanks to the Open Office and Apache Software Foundation: https://www.openoffice.org/ 
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1. The emissions explain the anthropogenic stock [CO2]_ANT: r=0.991
2. The derivative of the emissions does not explain the derivative of the total stock, i.e. the ppm increase at MLO:  

r=0.151
3. The derivative of the emissions explains well the derivative of the anthropogenic stock: r=0.589
4. The derivative of the emissions does not explain at all the derivative of the total stock: r=0.063

No one is more blind that the one who does not want to see!
 
Let's repeat here the rebuttal of this it is a misconception that is well established even among skeptics , the conjecture 
that anthropogenic emissions would explain the increase of [CO2] of the keeling curve as measured at the MLO is 
totally rejected and it also follows that the anthropogenic emissions cannot explain the trend, as the trend is just the  
sum of the increments.

CO2 concentration has increased since the end of the Little Ice Age and since the end of the last glacial period because 
the tropical 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 5 years. CO 2 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 
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����!999������” (IPCC, 2013a) AR5 WG1, p. 472, which lies at the core of the IPCC dogma and 
trickery. This is a major deception as the three reservoirs, i.e. atmosphere, oceans, soil and vegetation, exchange a 
significant amount of carbon every year, on the long term (125-150 years) the additional fossil  fuel carbon will  be 
distributed between the reservoirs according to the ratios of their relative mass, i.e. 2.1% for the atmosphere, 92% for  
the  oceans  and  6% for  vegetation and  soils:  there  will  then remain  in  the  atmosphere  a  tiny  8  ppm from the 
cumulative emissions over 1850-2050 which might amount by then to 821 Gt-C, according to the formula given by 
Veyres (2022) see note 86: 18/(1+ exp((2011-t)/29) ) Gt-C/year.

Not even considering the physical mechanisms that would be underlying the relationship between CO2 and T, what we 
have done above, 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 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.
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Basically what does Figure 28 from Klyashtorin and Lyubushin (2003) show? It shows that over the period 1861-2000 
there are five main sub-periods alternating ascending and descending temperature anomalies (correlations between 
the World Fuel Consumption (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). Of course, the most  
obvious and basic  observation is  that over  the period 1875-1910 when temperature decreased the CO 2 emissions 
where multiplied by more than 300 (3,03 GtCO2 in 1910 / 0.01 GtCO2 in 1875) with negative correlation of -0.71, while 
during the period 1940-1975, CO2 emissions where multiplied by X3.58 (17.35  Gt CO2 in 1940 / 4.85 Gt CO2 in 1940) and 
nevertheless temperature decreased as well with a negative correlation of -0.88.

That's a rebuttal of the conjecture that [CO2] and anthropogenic emissions in particular would drive the temperature 
anomaly. Thus, there exists five rebuttals of the false statement according to which fossil fuels would be responsible of 
the entirety of the ppm increase measured at MLO and several rebuttals that the [CO2] would drive the temperature 
either on paleo-climate data as per Figure 19, or on measurements e.g. as per Figure 28.

It's a lot more than required. Remember: “02�1����(����
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Even using NASA GISS (see note 19, p.  13) temperature anomaly, a class 3 unstable data serie that tends to cool the 
past and warm the present, thus providing exaggerated warming, the same observations as those made before for 
previous Figure 28, apply for Figure 29. Over timescales that are directly relevant to the AGW hypothesis, i.e. basically 
since the end of LIA, there is simply no global correlation that holds between the temperature anomaly (Y axis) and the  
CO2 content of the atmosphere (X axis).

Tampering the data as explained and shown in Figure 150 and 151 p. 384, will not change Nature nor the scientific truth 
and not only the 1940-1975 cooling was acknowledged by Hansen (1981) who stated “������F�����^���
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������(",  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.
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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  “I����� � 
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93 https://cdiac.ess-dive.lbl.gov/trends/co2/lawdome.html   
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�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 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 “������
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” (Keenan et al., 
2016). As Vinós (2018d) realistically states “"������������������
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Given the evolution of the temperature at the end of the seventies, that is very well visible on Figure 28, one will not be 
surprised that some scholars were legitimately worried by a possible cooling (Gwynne, 1975), including George Kukla, a 
micro-paleontologist and Special Research Scientist at the Lamont-Doherty Earth Observatory of Columbia University, 
who knew that a return to an ice-age would be a far greater catastrophe than a welcome warming. The following quote 
of Kukla did not make him very popular among the AGW mob “���������
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” — George Kukla

The risk of the interglacial ending early was taken seriously (Kukla and Matthews, 1972; Mörner, 1972; Broecker, 1998)  
and the temperature evolution of the end of the seventies showing clear cooling led to a “�������������” that was 
considered so embarrassing for the CAGW narrative that some global warming warrior started a crusade to erase it  
from the records,  in a modernized version of  “1984” by Orwell.  William Connolley94 (a  Cambridge-based software 
engineer  and  Green  Party  activist  co-founder  along  with  Michael  Mann  and  Gavin  Schmidt  of  the  deceptive  
realclimate.com blog) engaged in fraudulent actions to systematically remove 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)  and reminded to us  by May (2020b),  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  28, but also 
archived in more than 285 papers listed, e.g. by Richard (2016).

Furthermore, if we just consider radiative effects which are not the most important and by far, H 2O 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 of 8.9 ± 0.4 days  
according  to  van  der  Ent  and  Tuinenburg  (2017)  does  not  change  anything  to  its  permanent  presence  in  the 
atmosphere as all the water in the atmosphere is replenished from the oceans over that very short time, and to its  
overriding radiative role with respect to CO2 especially around the 300 mbars level as will be explained p.  75, 76, 97, 
101, 102, and 102.

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, given a certain level of  average incoming 
solar flux, i.e. 1370 W/m2 on Earth. 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.

94 The inability of Wikipedia “arb commission” in dealing with Connolley's misbehaviors is revealed in Forte and Bruckman (2008).

 70



��$�1���	��	��
��	�2�������!��
�3�"����
�
����������	�4�
	

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. «&����
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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 95). 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 496 and 
Mariner 997 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) «������������
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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 498 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 hardly 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) "2��������������
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95 The Martian surface pressure varies through the year, but it averages 6 to 7 millibars.
96 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.
97 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.
98 Soviet Venera 3 is the first spacecraft to reach another planet, crashing onto Venus on 1st of March 1966.
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��". 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 (Saturated ALR). 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 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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(41)

and combining it with the ideal gas law:
4?�> @ �. (42)

(where kB  is the Boltzmann constant and T the absolute temperature defined by the ideal gas law), the temperature is 
given by equation (43):
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As we see, the kinetic theory of gases enables to link the temperature T and the pressure P (Equation 42). In terms of 
the kinetic energy of the gas K, we have:

4?��
�
A (44)

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 (43) we derive:
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The average kinetic energy of the molecules depends on the temperature:
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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:

*��� @�.
�

(48)

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:

4!7B. B���� (49)

or Laplace's law (compression and adiabatic relaxation):

4? B���� (50)

See Moranne (2020):

? B
4� B 4? B7! 
?�
 (51)

Thus:
? 
4��B 4
? (52)

where γ denotes the adiabatic index of the gas, equal to:

B�
� �

� *
(53)

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:
4?�'. (54)

with R= Cp-Cv

thus: 4
? � ? 
4�'
.��� ��� * �
. (55)

Using Equation (52) for the value of V dP (i.e. - γ P dV) and replacing above in Equation (55):

4
?�B 4 
?�'
.��� ��� *�
. (56)
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Thus:
�� 	 B�4 
?��� ��� *�
. (57)

And:
�� 	�� ��� *��4 
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. (58)

Therefore:
� * 
.��4 
? (59)

In adiabatic compression, the variation of the internal energy U is equal to the work received:
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for a mass m of air (using a volume V):
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Using (52) again
��������� ��B 4 
? �� �� � 
. (62)

one gets:
? 
4��� � 
. (63)

And in addition, depending on the altitude : dP = - ρ g dz (Kumar, 1976 p. 54) with density ρ = m/V ; thus:
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Therefore:
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In a dry atmosphere, the temperature decreases by 9.8°C for every km of altitude.

Thus, as the altitude increases by dM, the pressure decreases by:


4��E � 
D (66)

and the temperature by dT such that:
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By combining these two equations (66) and (67) with the equation of perfect gases:

4�E '.
<

(68)

Where M is molar weight of the gas, one also obtains:
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(69)
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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  polytropic99 relationship  T(P)/T0 =  (P/P0)R/(Cp  -  Ch) between  temperature  and 
pressure given by equation (71):
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is strictly equivalent on Earth to the decrease in temperature with altitude given by Equation (70), 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 100 is equivalent to the Boltzmann 
constant, but expressed in units of energy per temperature increment per mole, R = 8.3145 J K-1 mol-1.

{T0,  P0} represent the temperature and pressure of the layer which, at the Top Of the Atmosphere (TOA), effectively  
loses heat by radiation towards the cosmos, i.e. starting at {255 K, 530 mbar} up to 300 mbar 101. (T0, P0) are controlled 
by water vapor and clouds. The short cycle of water vapor (11 days between evaporation and precipitation 102) 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 38)

From thereof, Miskolczi asserts that the Earth is a self-regulating system and that the atmosphere maintains a stable 
global average gray-body optical thickness103,  where the maximum heat transfer to space takes place, the value of 
which is 1.86104,  see Miskolczi and Mlynczak (2004) p. 237. Among the various mechanisms involved, some will  be  
presented later, starting in p. 101.

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


)�. 
=� ? 
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99 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

100https://en.wikipedia.org/wiki/Gas_constant   
101Also take notice that the tropopause is located at about 150 millibars in the tropics and 300 mbar at high latitudes.
102With an atmospheric stock of ≈17000 km3 and daily rainfall ≈ 1300 km3 we have a residence time of about 11 days.
103Veyres (footnote  59) states that “#������M�����������������������M������������
��
��������
�����"I� ����"�� �� ���
�����
�����
��#������M��� �

(�����
������������������(���������L�
��
�#������M���������"�����
����
������������������
���
��������������
��
�
����������������
���+%7��� �
��
����������n-L��
�������(���
��������A������
��
�����
������P������
������������"I�������������������
��������
������
�����(����
�:�������������� �
�I����������
�+��
����
���������
��
��D�Z�"I���������������������
��
�N��
�����!9�Z!.)�����*	:Z)	!O�������(����������A���������
�����
�����(�� �
�����(�����(��
���
�"
�����M������������������
�����(������
��(�����
���������G�
�����H�
��
���5����
���((������� ����
�����������������
 �
��((������
�����
����������������
����������
�
������(�A��”.  Though, the end-result is to lead to the observation of a  self-
stabilizing Earth system.

104this 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).
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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 temperature105 later used in Equation (75) 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 (71): T(P)/T0 = (P/P0)R/(Cp - Ch) 

and the lapse rate in the troposphere is Equation (70): 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:

. �4��4�' �I������F�� "� . �4��4�����	 �
I ���	 �F�� � (77)

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 (77) 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}:
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.

105Moist 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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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 once accounted for the differences of solar incoming flux (Sorokhtin �
���., 2011; Nikolov 
and Zeller, 2017; Holmes, 2018, 2019). It is remarkable in that respect that a very simple formula given by Holmes  
(2019) enables to compare the temperature at Patm=1 bar on both planets' atmospheres and shows that the Earth's 
ground temperature can be precisely calculated from Venus' one, adjusting for the difference of the solar fluxes:
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Using Equation 78, with TVenus at Patm=1 bar = 340K and (2633/1370)1/4 = 1.176 one gets for TEarth = 340/1.176=289K which 
is perfect (to the nearest rounding). Despite the completely different atmospheric compositions of the two planets as  
seen before (96.5% CO2 for Venus and a tiny 0.04% CO2 for the Earth), the Earth's ground temperature can be derived 
from the Venus' temperature measured at 1 bar by various spacecrafts, simply adjusting for the difference of the solar  
fluxes received. This shows that the composition does not influence the temperature profile of an atmosphere, nor of  
course its ground temperature and in itself falsifies the AGW theory.
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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 (Berberan-Santos et al., 2009; 
Délèze, 2020; Stallinga, 2020):
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using a scale height H = (kT) / (mg0) = 8.4 km, if T = 288 K and m = 29 g mol −1, with k the Boltzmann constant106, and g0 

the standard acceleration of gravity . But, the acceleration of gravity is not a constant, and in fact, varies with latitude, 
longitude, and elevation. These variations, however, are quite small and lead to only a small error as the acceleration g  
depends mainly on altitude z, thus Equation 80, can be re-written using k instead of R and with (u) varying from 0 to z:

4 �D�
4


��
�
��

�

D

�� ���

@.
�
�� (81)

Let's see now the case where Patm is > 1, either because we have a thicker atmosphere, or because we stand lower  
than the sea level  (e.g.  Messinian episode)  or  because we go down a  shaft.  Using the mean Earth's  radius R T as 
approximately 6,370 km (the polar radius, 6,357 km, is slightly smaller than the equatorial one, 6,378 km), going dowwn 
the shaft the acceleration of gravity will change (there is a decrease with the increasing depth) and is given by:
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With −RT < z < 0 and G=6.6743 × 10-11 m3 kg-1 s-2 the gravitational constant107. In this way, Equation 81 becomes:
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Using Equation  83, one can compare the results to the observations made in the deepest mines, i.e.  the TauTona  
Mine108 or Western Deep No.3 Shaft (3.9 km) for which one obtains p = 1.6 atm, in good agreement with observations. 
Equation 83, can be used to obtain the atmospheric pressure P at any arbitrary depth (z) that is later used as an input in  
Equation 79, to derive the temperature T and enable to chart the profile displayed Figure 30. Denser atmospheres will 
also be discussed when considering paleo-atmospheres that may have had Patm > 1 (and thus higher paleo surface 
temperature as an outcome not induced by increased [CO2]), that could also have been required to enable creatures 
such as the Quetzalcoatlus (see note 254, p. 182) to fly.

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  84,  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:

106https://en.wikipedia.org/wiki/Boltzmann_constant   
107https://en.wikipedia.org/wiki/Gravitational_constant   
108https://en.wikipedia.org/wiki/TauTona_Mine   
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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 friction109. 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 “����������
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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 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 Law110 (SBL) (Stefan, 1879; Boltzmann, 1884), is 
dubious as planetary bodies are not “black bodies”, a simple calculation using Equation 175 p.127, 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 175 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 but the remarkable difference is the total masses of their respective atmospheres of 4.8 1020 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  a  small  and ineffective 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. Holmes (2018, 2019) reaches the exact same conclusion.

109https://glossary.ametsoc.org/wiki/Energy_equation   
110The law, including the theoretical prediction of the Stefan–Boltzmann constant as a function of the speed of light, the Boltzmann constant and  

Planck's constant, is a direct consequence of Planck's law as formulated in 1900. https://en.wikipedia.org/wiki/Stefan-Boltzmann_law 
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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 �
���
 (2008a) «�������
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alone  as  Ellsaesser  (1984)  concluded  that  “� � �������� � �� � ������ � ���5��� ������ � ���� � ��P�� � �� � �� � �,��
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Should we then be worried by 100 ppm more of CO2? Come on, it does not seem serious, we should rather be worried 
of 100ppm less as shown Figure 49, p. 134.

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) «�����������
����
���(�����N�
�
� �
����������
�� �
�
���(����� �(�������O� � 
����������
��������
�
 ������ � 
����������������
��(���
�����
 �
��������� ����� ��������
�� �
-�������������
�������"��R����������
����������������������
������������
���(������(�������
������������������������ �

�������������
���
��(���
������
��������
��������������"��R����������
���������������������
������������������������� �

����
���(������(�������
�-����������
����
���
��(���
�����������������
�����(����
�����
���».

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): «�������������������
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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 «@����������
����� �
��������������
����������» (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 «������������
������
���(�����
��
��������
����������������� �
�������» 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  (79)  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  

111Notice 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 !

112Radiation blockage does not prevent evaporative and convective cooling, which are the natural methods of cooling!
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mysterious  "greenhouse  effect  theory".  Nikolov  and  Zeller  (2017)  demonstrate  using  Dimensional  Analysis 113 (DA) 
applied to six celestial bodies representing a broad range of physical environments in our Solar System, i.e. Venus,  
Earth, the Moon, Mars, Titan (a moon of Saturn), and Triton (a moon of Neptune) that “'������#����-����������?
���������A�������������(���
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���(������(�������” and their findings is 
completely in line with what has been presented here.

Strangely enough, even the strongest proponents of the CAGW theory accept that «����������������������
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 �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 «����
��(���
��� �
(�� �� � �� � 
�� � 
��(��(���� � �� � ��
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�����������������������������” 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 are the Earth's atmosphere pressure and the SW solar influx received, then the composition of its  
atmosphere appears of secondary importance in that respect i.e. N2/O2 = (79/21). Furthermore, CO2 being just a trace 
gas, be it 0.03 or 0.04% and H2O the major GHG and heat transfer molecule, then no other subterfuge based on «$+	�

�������» is needed to account for what is observed, and the denser the atmosphere (i.e., the higher the atmospheric 
pressure), the warmer the climate (e.g. Venus), the tinier the atmosphere  (i.e., the lower the atmospheric pressure),  
the colder the climate (e.g. Mars).

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: «@�������(�����
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Beyond contributing to the unique Earth’s atmosphere composition and N2 content, plate tectonics is also a unique 
geological feature of planet Earth114, an affirmation one can make in 2020 after that most if not all significant telluric 

113https://en.wikipedia.org/wiki/Dimensional_analysis  
114NASA’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 
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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 «���������������������������
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». 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 «
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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  
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 limestone would release 5.1021 moles of C, and therefore the proportion of CO2 in the atmosphere would be:

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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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 CO2 

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 limestone and carbonated rocks more  
generally, see e.g. for a discussion of Urey's reaction (Kellogg et al., 2019).

Goldblatt et al. (2009) use a radiative–convective climate model “
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���� ������(���� �����H .  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 
«��(�� � ��
� � ���������»  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 «������������F��
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but how is not reported and the RCM unfortunately does not account for such an important climate component as 
the clouds,  the justification being «����������
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�������». 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.
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The most interesting part of Arrhenius (1896) p. 271, is when Arrhenius quotes Högbom (1894) « 
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» 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).
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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 «>�����(����
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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) «������������
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��». 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 ocean115:

115The origin of the protons can be traced back to the following reactions CO2 + H2O � H2CO3 and  H2CO3 � H+ + HCO3
-
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(Calcite) ������ ) ��� �� �N O��
-,� �)���

P (86)

and

(Forstérite) <� �=��	� 	) ��� 	�� �N O �<� -,� ) 	=��	� 	)���
P (87)

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:

�� � 1<�!7��� �� ���� ) ��N O���
-,� �����<� -,� �)���

P (88)

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)116:

(Anorthite) �����=� ���� ����� �) ����� -,� � )���
P� ���=������) �	 (Kaolinite) (89)

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) �>���=� ���� ���� �� �) ����>� -,� �)���
P� 	) 	=��	� ��� =������) �	 (Kaolinite) (90)

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 limestone 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 -> Clay + Limestone

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:

����� � =��� �� ��� �� 	 ) ���������� =�	��
 ��	��) �� i.e. Kaolinite (91)

Simplified we retain:

���� ��=�� ��=��������� (Urey, 1952 p. 354117, 1956) (92)

116Most  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.
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”, therefore unless metamorphism occurs, the reaction is mainly to the right, see also (Duff and Morel, 1980).
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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. clay, sandstone, 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 
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 tons 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 10 15 tons we get the 
total weight of  CO2 = 0.06189 % x 5.1480 x 1015 tons=3.186 1012 tons or  3.186.103 Gt of CO2 (1 Gt=109 tons).  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.51), 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 30km118. Thus, the complete erosion of a mountain range leads 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 limestone 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  respiration119 and  the 
atmosphere and the ocean are in dynamic equilibrium on a geological scale.

The carbonate reservoir (limestone 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-C120 (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.

118This 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.

119Cellular 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.

120Note that 1 petagrams of carbon equals 1 Giga tonnes (1 PgC = 1 Gt-C).
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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  
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. A doubling may never be observed by mankind (Spencer, 2019), but the reason for 
using this approach is that the impact of each doubling is the same: i.e. well-established equations 103 and 104, (see 
their further demonstration starting p. 110), based on elementary physics and supported by empirical data show that  
we get the same warming from an increase from 400 parts per million (ppm) to 800 ppm as we would from 200 ppm to  
400 ppm (Myhre et al., 1998; Pierrehumbert, 2011) as explained by Lindzen (2022).

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: “ �����$"��� �
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The wide range of estimates of ECS and TCR (Scafetta et al., 2017; Gervais, 2016a, 2018, 2022; Knutti et al., 2017),  
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 that the Earth has warmed  
since the end of the Little Ice Age). The lack of the ever claimed consensus addressed in section “The Consensus“ p. 21, 
is blatantly exposed on Fig.  31, on these two critical notions. This entails such a massive uncertainty regarding the 
amplitude of possible warming that it falsifies the CAGW narrative and the inexorable tendency for these ECS and TCR  
values to decrease leads to a projection of increasingly minimal anthropogenic warming and will require to use soon a  
semi-logarithmic scale if one wishes to keep seeing distinctly something at lower right end of the Fig. 31! Then, climate 
programmes may amplify («positive feedbacks») or diminish («negative feedbacks») at will, 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 (ECS) or progressive increase (TCR). It is generally  
agreed that  the doubling of  CO2 concentrations will  have a very small  effect  due to a  logarithmic response -  see  
Equations (103) and (104), 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 by irrefutable evidence).

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 oxygen121, 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 (94):
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Therefore:
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Which gives (96):
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Thus:
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Changing the surface temperature by one degree using Equation (97) supposes a dpTL_TOA = 1000 Pa or 10 hPa or 
10mbar,  which is  improbable122 because the temperature at  the TL_TTT is  essentially  fixed by  water  vapor which 

121admitting the very false IPCC assertion that all growth in air content comes from the combustion of coal, oil and gas
122Unlikely 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)
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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°C123 (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 “������������������������������������” 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/m2 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 
32 and the Sun radiates at 5777K124 while the visible set of wavelengths are displayed by the rainbow colors.
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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 v�=30 THz) corresponds to a wavelength of 10 μm. Remember that v� = c / λ with λ=wavelength (usually in 10-

9 m), c=2.99792458 1010cm s-1 (speed of light) and v� frequency in Hz where frequency is a measurement of the number 

123A 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 and reversely).

124Only 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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of wave cycles per second (i.e. s-1). Wavenumber ũ = 1 / λ = v� / 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 cm 1). 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.

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 33 shows the opacity of water vapor, of optical thickness or 
depth125 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.
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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 33), 
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. As visible on the previous Figure 33, 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),  this  is  called  the  collisional  de-
activation. 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 
Strickler, 1964; Manabe and Wetherald, 1967) 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 

125The 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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emissions participating in the radiative balance take part at the TOA level. Furthermore, for over almost the entire CO 2 

spectrum, water vapor acts first and superimposes its effect on CO2, 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 grams126 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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then:
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using the following polytropic relation (100) 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.

126For 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.

 92



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)127.

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 37 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).
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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.

127A 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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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 ��
��
����
128, 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/year129 
(oceans)  or at 495,000 km3/year130 + 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)  «��� � ��
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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).
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128Latent 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 

129according to http://www.planetoscope.com/atmosphere/117-evaporation-de-l-eau-des-oceans-dans-l-atmosphere.html
130according to https://earthobservatory.nasa.gov/Features/Water/page2.php 
131These figures have recently been revised upwards (almost 10%), particularly in the oceans (satellite observations and increased evaporation due  

to temperature rise : 7% per °C).
132Of course, this is an average : overall, depending on the latitude, this consumption is distributed between 0 and 250W/m2
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Heat is also transferred by convection and Moranne (2020) adds «���������������
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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.

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: « !8�2Z�	������
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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, «�������������������������$+	����
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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, CAGW 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). 

Thus:
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 �
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�
�
 � = (21.7 / 2,71828) * 0.016  = 0.13 W/m2 (101)

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/m 2.  Remember  that  each 
additional degree leads to an increased evaporation of 7% and evapo-transpiration accounts for 96 W/m2, thus each 
1°C increase produces an increase of the evapo-transpiration of (96*0.07)=6.72 W/m2. Thus to evacuate 3.23 W/m2 a 
simple rule of three leads to:

ΔT=(3,23/ (96*0.07))=0.48°C (102)

This is a very interesting result because it is based on the most basic thermodynamic properties of the atmosphere,  
considering that the imbalance of 3.23 W/m2 will be compensated by an increase of the evapo-transpiration and water 
vapor molecules will be further circulated by other thermodynamic mechanisms, convection first. On the other hand, it  
will be seen that the Green House Effect (GHE) is based on the improper usage to the gasses of the Stefan-Boltzmann  
Law (SBL) that only applies to blackbodies' radiations. By doing so and differentiating SBL one gets the Equation 173, p. 
122. Using this equation to compute ΔT makes the implicit assumption that the dissipation of the 3.23W/m 2 imbalance 
due to a doubling of the [CO2] can only be achieved by radiative mechanisms, which is obviously wrong and leads to a  
much higher value of the  Equilibrium Climate Sensitivity (ECS), i.e. of 0.97°C for 3.23 W/m2.

This  is  what  Moranne  (2020)  states  “2� ����� � ���� � �� � �5
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)W$”. Any excess heat is first evacuated by evapo-transpiration mechanisms, then transported to 
the TOA mainly by convection and then radiated to space, essentially by water vapor. The downward trend showed  
Figure  31,  p.  88,  a  real  chill  on  the  ECS,  has  kept  going  on  with  recent  publications,  e.g.  (Coe  et  al.,  2021)  as  
demonstrated by Fig 1.2 p. 52 of Gervais (2022) and  no value higher than 1°C for the ECS is acceptable.  Involving 
evapo-transpiration and convection leads to halve the result down to less than 0.5°C!

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 

raises the CO2 level from P 1.07 CO2 to P"= 0.62 P 1.07 CO2 as shown on the previous Figure 36. 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 CO2 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 
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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 36). 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 troposphere133, 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.

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. «!
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9�2Z�	] 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 36 shows that doubling the carbon dioxide content of the air (the 
red curve replaces the black curve on Figure  33) 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.
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133This 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 CO 2 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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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/m 2 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 
34). 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.

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)134 p. 9-10. A calculation, made absorption line by 
absorption line (Figure 37) 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 35). 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 37, 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 CO 2 around 614 cm-1 

and 718 cm-1 (i.e. the two pins or the «horns» Figure  36) 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 unchanged135 
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 36 assume 
that the relative humidity remains constant. However, water has the property of condensing (clouds, rain). As Veyres  
(2020) reminds «
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�������������������», this is based on observations, e.g. as reported Figure 39 and 
Figure 40.

As explained by Buehler et  al  (2006) and taken into account by their  model “ 
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Even with the limitations of this study, it is visible that doubling CO 2 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 (see Figure  38) 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.

134See 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.

135As 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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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/T 0 = (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 33 and 36 correspond to the 
less frequent case of clear skies.
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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  40. The specific 
humidity in g/kg of moist air at 400 mb (8 km) is displayed in Figure 41. It shows that specific humidity has declined by 
14% since 1948 using the best fit line.
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��(��(������but the data shows falling specific humidity and negative feedback”, see Figure 41. 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%.
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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 “
���
�
�������?������������������������ �
�������������������������������������������” (Lindzen, 2019).
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 Specific humidity at 400 mb pressure level
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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 “����������������?������((��?������
��(��(������������
�������<$�;��������������
�”, and 
displayed on Figure 40 from Gregory (2013), while the IPCC had predicted the opposite (i.e. imaginary positive  
feedback supposed to happen when the [CO2] increases136). 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 «
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The blue curve Figure 33 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 35 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  
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  

136https://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 “ Q����������$����
�” stating “
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�������>;$$������”. 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!

 101

https://climateaudit.org/2009/03/04/a-peek-behind-the-curtain/


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).
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� 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)138) 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 «
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The surface contributes very little to the OLR, e.g. Costa and Shine (2012) consider «
����������
���
��
����� �

�������?
��
�����
���+%7��������
��������
��������
����������» which matches well with the previous Figure 
42. Humlum139 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 39). We see (Figure 42) 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 42). 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 KNMI140) 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 site141 see Figure 44.

137http://www.climate4you.com/GlobalTemperatures.htm#Outgoing   
138Raschke  (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.

139www.climate4you.com   
140http://climexp.knmi.nl/data/inoaa_olr_ 0-360E_-90-90N_n.dat   
141OLR & 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+Timese
ries 
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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
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� 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 CAGW theory is based on) - 
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). In their most  
recent paper, Svensmark et al. (2021) state “Here it is shown that the average of the five strongest week-long  
decreases in  atmospheric  ionization coincides with changes in  the average net  radiative balance of  1.7  
W/m2 (median value: 1.2 W/m2) using CERES satellite observations
�"����
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�These observed radiation and cloud changes are consistent with a link in which  
atmospheric  ionization modulates aerosol's  formation and growth,  which survive to cloud condensation  
nuclei and ultimately affect cloud formation and thereby temporarily the radiative balance of Earth”.
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One should notice that  the IPCC Third Assessment Report  (TAR)  (IPCC,  2003),  defined the radiative forcing in the 
following  manner:  "��� � �������� � ������� � �� � 
�� � �������?
��(��(���� � ���
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������������". 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, 2013a), p. 665, § 8.1 box 8.1 and Figure 8.1 p. 669  
the Effective Radiative Forcing (ERF) is defined as: “�7&�N�,����������������������O����
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���������(������������������������������������”, while the Radiative Forcing (RF) is defined, as it was 
in AR4 (IPCC, 2007a), as “
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������������”. 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 44. This mere observation simply invalidates the 
CAGW theory, whereby CO2 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 40 and 41, simply 
because water vapor radiates “stronger from lower”, has not only balanced the Earth energy budget but led to an  
increase of the OLR.

142https://psl.noaa.gov/cgi-bin/data/timeseries/timeseries1.pl   Variable? "OLR" -  Analysis  level? "Monolevel  Variables" -  Latitude? "-90 to 90" -  
Longitude? "0 to 360" radio button: “Monthly” First Month: "Jan" second month: "Dec", “radio button:” Area Weight grids "No", radio button:  
“Output  format”  "Plot  data"  =>  "Create  Timeseries"  press  button  =>  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+Timese
ries 
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https://psl.noaa.gov/cgi-bin/data/timeseries/timeseries1.pl


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 “>�������@��������(��������������������������
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O”.  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 “�����������������
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�”. This is all the more surprising as one of the 
sources cited seems much more circumspect as Stott el al. (2000) state “39/�����������������?�������?������������ �
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O ���������
��������������5
��������������” 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 145, p. 357.

Thus, such a critical attribution relies on very weak evidences such as “����������
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������������” 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  
(Christy et al., 2000; Spencer et al., 2017; Swanson,  2017), does 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  
“>� ���� ������ � 
�� � ����������( ���
���� ������
�� � 
�� �"�� ���� � 
�� ����������� � ��� � ����� ��� ����� ����(��5 � 
��� �
(��������� � ��������”  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 “����������
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�5”. This is an important discovery 
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) “$����
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�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 “=������������
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When one combines the Galactic Cosmic Rays (GCR) effect on the modulated cloud cover143 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.193) 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!

143The flux of galactic cosmic rays varies inversely with the solar cycle. Svensmark and Friis-Christensen (1997) suggested that galactic cosmic rays  
enhance low cloud formation, explaining variations on the order of 3 percent global total cloud cover over a solar cycle. A 3 percent cloud cover  
change corresponds to a radiative net change of about 0.5 W/m2, which may be compared with the IPCC 2007 estimate of 1.6 W/m2 for the total  
effect of all recognized climatic drivers 1750-2006, including release of greenhouse gasses from the burning of fossil fuels
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” 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  windows144 (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 sense145, to models and computations based on Stefan-Boltzmann Law 
(SBL)  (in  σT4) 146 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 from inwards to outwards - see p.  203, 
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).

Before explaining how the equations used to describe the Greenhouse Effect are derived, let's provide at least two 
definitions that show the absence of consensus on that notion.

The first is taken from IPCC (2013d) p. 1455, the official doctrine, and states “'�����������,��
T���������������������� �
�,��
 ��� ���� � ��������?���������������
���
� � �� � 
����
���(����
 �'���������������� �������� �����N
��������� ��5
��
O �
����������������
�����
�����������������P������
������
�R���������������������������
����
���(����
�����������
����� �
���
���������������������������������������
�������
�����������������A����  the net amount emitted to space is normally  
less than would have been emitted in the absence of these absorbers because of the decline of temperature with  
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�����������������������restoring the radiative balance at the top of the atmosphere.”.

So  basically,  the  most  important  part  of  that  definition  is  the  role  played  by  the  lapse  rate,  i.e.  the  decline  of 
temperature with altitude, that was addressed in section “Temperature = Solar Flux + Gravitational Lapse Rate”, p. 71. 
and the radiative balance at the TOA, that adapts for various reasons described in the previous section and in fact  
prevents any run away greenhouse effect for the simple reason that the OLR measured has increased, as visible Figure  
44, p.  104. The Earth is a very self-regulating, self-stabilizing adaptative thermodynamic machine that is not overly  
disturbed by our small anthropic contribution. The radiation towards space of the water vapor, very very far the main  

144Analogy already refuted by Wood (1909), «>
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������������» also see (Miatello, 2012). Consider also (Lee, 1973), comment by Berry (1974) and  
response by Lee (1974).

145A 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.

146Veyres (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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greenhouse gas, mainly active towards the 5km of altitude adjusts the radiative balance permanently as we have seen  
previously. The role of CO2 remains insignificant below this altitude except at the poles where the atmosphere is very  
dry, and it contributes to the balance only at the level of TOA, when the rarefied atmospheric pressure allows the  
radiative mechanisms to prevail over the heat dissipation by collision with neighboring molecules (i.e. collisional de-
activation), a phenomenon which dominates in the whole lower and middle troposphere. Thus, IPCC (2013d) definition 
of the greenhouse effect does not support any alarming view and the second definition that we will retain will do even  
less.

The second definition of the greenhouse effect that is reviewed is derived from Steve Carson's website147 and makes a 
reasonably fair account of some important points:

1. The “radiatively-active” gases in the atmosphere, i.e. essentially water vapor, but also  CO2, CH4 and others, 
absorb radiation from the surface and transfer this energy via collision to the local atmosphere (same as the 1 st 

definition above). Oxygen and nitrogen absorb such a tiny amount of terrestrial radiation that even though  
they constitute an overwhelming proportion of the atmosphere their radiative influence is insignificant. This is 
known  thanks  to  basic  spectroscopy,  as  detailed  in  many  journals  like  the  “ Q������ � �� � U����
���� �
"(��
�����(� � ��� � 7������� � ��������148”  over  many  decades.  Sending  radiation  of  a  specific  wavelength 
through a gas and measuring the absorption is simple and irrefutable and shows that given the spectroscopic 
properties of  CO2 its  contribution to the global  IR  balance can only be small  and its  increase (even for a 
doubling) leads to a very small change in the overall atmospheric spectrum. That's the reason why, despite  
expert reviewer Gervais' repeated demands to include an IR spectrum for the CO2 molecule (see Figure 135, 
p.328, or Figure 162, p. 446), the IPCC has eluded the request, each time, not even answering. This is among 
other  reasons  denounced  by  Seitz  (1996)  what  makes  IPCC's  peer-reviewing  intentionally  ineffective  and 
deceptive, see section “Strange IPCC “Reviewing” Process”, p. 437.

2. The “radiatively-active” gases in the atmosphere also emit radiation. Gases that absorb at a given wavelength 
also emit at that same wavelength. Gases that don’t absorb at that wavelength don’t emit at that wavelength. 
This is a consequence of Kirchhoff’s law (see note 153, p. 113). The intensity of emission of radiation from a 
local portion of the atmosphere is set by the atmospheric emissivity and the temperature (thus the height of  
the emissive layer). But as it has been explained, this only happens starting at 5km and higher at the TOA 
because on the one hand the collisional de-activation process does not statistically give time enough for the 
molecules to re-radiate, and on the other hand the atmosphere is largely opaque to IR radiations. Furthermore  
water vapor is the principal emitter.

3. The transfer of heat within the troposphere is mostly by convection, the Earth is a thermodynamic machine. 
The sun heats the surface of the earth through the (mostly) transparent atmosphere with SW radiations. The 
temperature profile of the atmosphere, known as the lapse rate see p. 71, is around 6.5°C/km (see Equation 
70, p. 75). The lapse rate is determined by non-radiative factors, as a parcel of air ascends it expands into the  
lower pressure and cools during that expansion. The important point is that the atmosphere is cooler the 
higher  you go (within  the troposphere).  A  denser  atmosphere leads  to  higher  ground temperatures  (e.g.  
Venus) and a more tenuous atmosphere entails lower ground temperature (e.g. Mars), independently of the 
composition of the atmosphere (e.g. that is the same for Venus and Mars, i.e. ≈ 96% of CO2).

4. The overall energy in the climate system is determined by the absorbed SW solar radiation and the emitted LW 
radiation from the climate system. The absorbed SW solar radiation received, i.e. globally annually averaged, is  
approximately 240 W/m², and note that unsurprisingly, the emitted radiation from the climate system is also 
(globally annually averaged) approximately 240 W/m². This energy balance is typically challenged by many  
factors and has led to many climatic variations at all time scales, given that natural changes are far greater  
than the small disturbance of a doubling of [CO2] that may never happen. Any small imbalance (e.g. in the [2.2-
3.7] W/m² range assessed before for a doubling of [CO2]) tends to be corrected for by the self-adapting Earth-
system as was explained (e.g. increase of the OLR). More significant changes come from albedo variations (see 
Figure  43, p.  103), e.g. Goode et al. (2021) that may originate as a reaction to changes of the overall solar 
activity (i.e.  including the solar  wind and related geomagnetic interaction),  or  to variable volcanic activity 
which when clustered, impacts indirectly the albedo and more drastic changes happen over longer time-scales  

147https://scienceofdoom.com/   
148https://www.sciencedirect.com/journal/journal-of-quantitative-spectroscopy-and-radiative-transfer   
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and come from orbital variations and other changes, e.g. geographical, due to plate tectonics motions that  
interfere with the general atmospheric and oceanic circulation.

5. Most of the emission of radiation to space by the climate system is from the atmosphere, not from the surface  
of  the Earth for reasons already seen.  This  is  a key element of  the “greenhouse” effect.  The intensity of  
emission depends on the local atmosphere. So the temperature of the atmosphere from which the emission  
originates determines the amount of radiation. If the place of emission of radiation – on average – moves  
upward for some reason then the intensity decreases. Why? Because it is cooler the higher up you go in the 
troposphere.  Likewise,  if  the place of emission,  on average,  moves downward for some reason,  then the  
intensity  increases.  This  is  the latter  that  has  been observed and leads to assert  that  the system is  self-
regulating to the small imbalance that comes from having more CO2. Other factors that have led the Earth to 
warm since the end of the LIA (1850), long before emissions became significant.

6. It is conjectured by the AGW hypothesis that if we more radiatively-active gases are added (like water vapor 
and CO2) then the atmosphere becomes more opaque to IR terrestrial radiation and the consequence is the 
emission to space from the atmosphere moves higher up (on average). As higher up is colder, this should 
reduces the intensity of emission of radiation to space, which reduces the Outgoing Longwave Radiation (OLR),  
which therefore adds energy into the climate system. And so the climate system is supposed to warm.

The only problem is that not only the OLR measured has increased, as visible Figure 44, p. 104, but the level from which 
water vapor emits to space has gone down (see Figure 39, p. 99, Figure 40, p. 100, and Figure 41, p. 101 and related 
discussion) and thus just the opposite of what anticipated by 6) happens because as emissions take place from lower,  
they are stronger and thus balance the climate system. Thus, the AGW hypothesis is already falsified by observations.

Let’s now 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 38 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 (H2O, 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 black body 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 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).149

As we have seen Figure  33,  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 “����������������!)9”, 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 

149Even 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.

150defined by IPCC as a change in net (down minus up) radiant-energy flux at the tropopause in response to a perturbation.
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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 «���������������
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�» (Myhre et al., 1998). But most importantly, all 
relationships and values for the coefficients are based on models,  computer calculations «����������(�����
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������N==#O». The logarithmic law does not come out of the blue, but from the study of infrared absorption spectra.  
As the concentration of gas increases, the absorption saturates and there is no more absorbable radiation at the central 
wavelength. Only the flanks of the line can still absorb. In the flanks, the absorption decreases exponentially with the  
concentration.  Finally,  the  absorption  increases  in  a  logarithmic  manner  with  the  concentration,  it  is  a  law  of 
diminishing returns, i.e. the more you add CO2 the less it produces an effect, a climate urgency cannot exist based on 
such a physical mechanism.

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 «&���$@*��<	9��$&$?!!� �
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7��������&������», 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 as per Equation 103, where C is the partial pressure of «greenhouse gas» after anthropogenic 
disturbance in ppm and C0 the pre-industrial value (or any initial 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 somewhat irrelevant (as will be detailed later)  
and using (104) 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  “
�����
�����(�� �
(���������������”. 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.

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:

=K �����Q ���	� � �0 . �
	  (105)

Stefan-Boltzmann law for the Earth as a black body152 gives:

(�0 . 	  (106)

Where: F is the flux density emitted in W/m2, σ is the Stefan-Boltzmann constant (5.670374419 × 10−8 watt per square 
meter per kelvin to the fourth (W / (m2 x K4)), and T is the absolute temperature. Then a strange notion is defined, the 

151WMGG, i.e. Well Mixed Greenhouse Gases for Myhre et al. (1998)
152The 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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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:

( ��0 . �
	  (107)

As from (105) 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 (107) to replace Te
4 one gets:
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Replacing Fe by its value obtained in (108) :
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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 (114)

Equation (114) is of the form:

�����  where a and b are constants and C the [CO2] (115)

The initial conditions are given by:
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Observing that Δτ = τ - τ0 therefore τ = Δτ - τ0 and dividing (115) by (116) 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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And finally:
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Therefore as :
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with:
/(�/(�7O�� � � � /( �7O� (122)

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) “����
��������������������
��
���������p&����9
9.���� ?	�N�����(����������� �
���A��������������������O” one gets Myhre et al. (1998) relation (103):
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Let's now see how Equation (104) can be established. The following hypotheses are made by the CAGW 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,  
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probably  to  make Kirchhoff’s  Law153 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 
assumptions154 to  go any further,  but  for  sake of  completeness  and not  conviction it  will  be  shown how (104)  is 
obtained. We will restart from Equations (107) and (108). 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"155).

So, of the upward flux emitted by the surface (107) 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 (145)). 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 (109) and derive:
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Taking the derivative of (133) with respect to τg, one gets:
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Thus:
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Then:
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Inverting (109) one gets:

153Kirchhoff'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.

154Considering the lifetime of the excited states of CO2, and for the lower part of the atmosphere, Geuskens (2019) explains "
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���������the greenhouse effect is therefore without theoretical foundation".

155One should notice that the thermal emission that arises from the solar corona, certainly comes from gases but looks nothing like black-body  
radiation. Therefore, ϵ is basically a fudge factor that means the total power emitted is corrected for the fact your gas is not a black-body. 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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Which gives:
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Now replacing Te given by (138) in Equation (136) one gets:
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Finally with A defined Equation (123) :
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Let's now calculate dτ / dϕ starting with:

M����� �

�� �
	
��

�  
(141)

Thus:
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Then finally dτ / dϕ:
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We now need  dϕ / dF. The CAGW 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 Ta

4 and of the part emitted by the surface and not absorbed (1-ϕ) σ Ts
4) is given by:
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From (145) we can deduce what we need, i.e.  dϕ / dF:
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We now have all we need to compute Equation (132).
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From Equation (111) we derive that:
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We finally get what we need for Equation (147):
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Therefore we have established Equation (104) ΔT = 0.31 ΔF and by substituting  ΔF by its value given by Equation (103):
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Thus (150) also gives ΔT= 1.66 ln (C/C0) as per Equation (104).

So now that we have established the basic equations of the  CAGW 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 .

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:
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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 (152) 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 (152) takes the form:
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Using Equation (153) 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 (151) one gets: 
Δτ=0.01844. From Equations (112) and (140) 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 “
��(���
��������������
��	:9
)*W[��Y���!	�����������
�����
�����(���������������(”. 
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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 CAGW 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  
“(������?��������” 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 CAGW 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 σT4, 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 (103) makes more sense than (104) 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 black body (even though 122 is debatable) whereas the second resorts to modeling the 
emission of the gas at various heights as if a black body relationship in σT 4 would hold in that case which is not 
true. The absorption spectrum of the gas, as shown in Figures  33,  35,  36, must be taken into account: for 
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 33, 35, 36, 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 clouds156;

� 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 emissions157 (see Figure 45) - the only statistical 
meaningful correlation that can be demonstrated is  with the tropical oceanic temperature which drives the  
degassing (see Figure 20) - and at this rate would take hundred of years for a doubling. To make things worse,  

156Furthermore, 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.

157Since 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.

 116



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  104) 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  (102)  p.96.  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: “�����
��� �
��������
�����������
������������������������������������������������
����,��
��������������
����������� �
�����������
������
������������
�����
��������?����������������
�������M�����
��������������
����������������� �
����
�����������������������
����5(��
������������������������������������������������$+ 	
���������
�������� �
����?��������(����
���������������������������
�
��������������������
�����������$+ 	���������
�@����������� �
�����������
��������?����������������� ���������(����������� ���
����������������
��������������������
 ”, 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 (103) and (104) 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  
vegetation158 (in all forests, tropical, temperate and boreal together, approximately 31 percent of the carbon is 
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.

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,  
2013a) it simply becomes even worse and appalling as explained in the relevant section “IPCC and its Unlikely Physics of  
Climate Change” p.436.

When qualms were raised by Bardinet and the climato-realists159 stressing the improper usage of SBL for example, they 
got from François-Marie Bréon160 the following answer “>
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 ������”.  What  an  incredible  admission,  and  what  a  strange 
"������ ���������
�" that ignores elementary physics and shamelessly proclaims such nonsense. If you are a physicist 
and cannot believe it, read it again!
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159https://www.climato-realistes.fr/   
160https://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  
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 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 “����������������������� �
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����”. 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  

161Temperature 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].
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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:

M
�����
����U 1 ���K �



� � U 1 ��

��U 1. �� ���J �� � ����� �
�  (154)

And the ascending flux (see also van Wijngaarden 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  ���������	:
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����U 1 ���K �
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� �U 1. � ����J����� � ���
�  (155)

And the flux emitted by the surface162  ��
�����:

M������� �U 1 ���K ��U 1. ������� ��J ������ 	 � � ���  (156)

and again the ascending flux by:
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where E2 and E3 are special functions called exponential-integral163 e.g. (Abramowitz and Stegun, 1972; Goody and Yung, 
1995, Appendix 6, p. 475; Tjemkes, 1988; Salby, 2012, p. 229), and B(ν, T) the function of Planck at the optical frequency 
ν and temperature T, e.g. (Goody and Yung, 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 98, 99, 100) 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.
M������� �U 1 ���K ��U 1. ������� ��J ������ 	 � � ���  (159)

Let's note by convention the two quantities Q and U, with τtrace the optical thickness for a trace gas:
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 (160)

Then the absorption coefficient is for a trace gas:
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4
 (161)

162A more complete form of (156) is given by Goody and Yung (1995) Equation (2.107) p. 50
163For 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). E 2 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 En(τ) = ∫1 ∞ dς ς−n e−ςτ (van Wijngaarden and Happer, 2020) Eq. 32 p. 10.
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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  “
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with division points ti and Christoffel164 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 “ ���
������������������ �
�����,��������������”. 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  
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)! Maurin165 states “=�
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In the reference book “Atmospheric radiation: Theoretical basis”, Goody and Yung (1989) p. 52 state “������
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 �Recent history has demonstrated that such complex numerical calculations may be  
flawedL�
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������equally competent investigators can disagree
�An outsider can make no  
judgment
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 ������ ��� �impractical  to  check  on  the  results� � ����
�������
���������Y����������”. 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 

164https://en.wikipedia.org/wiki/Christoffel_symbols   
165Personal communication December 10, 2020.
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fundamental  principles:  “fraus  omnia  corrumpit”  see  e.g.  Lenaerts  (2013)  and  “nemo  auditur  propriam  suam 
turpitudinem allegans”.

When you ask supporters of the CAGW 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 
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H. 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 «����» 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 CAGW 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 “>
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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  
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 
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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 104 changes (Gervais, 2018 p. 111) and 
delivers smaller values of ΔT:

/.�
�
 �� � �
�
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And thus Equation 103, in that case becomes:

166Personal email communication from Dufresne, May 19 2020.
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And for a doubling of CO2:

/(����� �� �������C ���  (172)

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 106, one immediately gets :
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 (173)

Using Equation  173, 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 103, or for a lower climate sensitivity by 
Equation 171. As we have seen in p. 110, 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 173, 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  171, 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 20, 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 years167. 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 103 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;  
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 (Harde, 2022), and more probably  less  
than that, is due to the increase of CO2, but having said that, one must add that part of that increase of CO2 came from 
the  natural  out-gassing  of  the  oceans  occurring  in  a  warmer  environment  and  that  a  milder  climate  must  be 

167To 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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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)  
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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 
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������������������”. 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 “�����(�(���(�����
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������(�������”. 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.

168American Meteorological Society (AMS) and the World Meteorological Organization (WMO) 
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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 (Koutsoyiannis, 2021a), 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  tropopause169 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) “����(�������
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169These 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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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  
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) “��
���������������������
�� �
����������5�������������
��
�
��������(�����������������5�������
������������������������P������
������
����������� �
����� ��P�����
�� �
� �������
������N�����(������� �������������������������������5������ ������
��
� �
����5�������� �
��(���� ����� ������� ��� �$+	� ������
�����O
 � >
 � �� � ���� � 
� ��� ���
���
��
 �&����
����5(������
�� �(���
 ��� ������ � 
��� �
G��
������H��,��
�����
���(��
���������(���������������������������������Ñ���
�Ö��N!:99O�������������������������� �
�����������������
��A�������
��� ��
���������������
�����������
���$+	�������������,��
�(������������-���������N!3:.O �
�������������������”. This is in fact very well visible on Figure 46.

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 CAGW 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 Anticyclones170 (MPAs) which move, them, towards the southeast.

Veyres (2020) concludes “
��
�
����
���������h������������������������������������h������������������
��
��
����
�� �
��
�����(������
��
��� �
����((���
��(��(�����������
��������������
�����((���
��(��(�����
��
���
����������� �
������
���
������������
�������J�5����P������
���������
��
���������
�%�
������������������������
��
��
 � ���
�� �
A����
�������
�����(����������:������������������������������������������������
����������������
���������������� �

���������
��
���������”. 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 H2O 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 GtH2O171

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 thermodynamic machine is sat on the water and water vapor 

170Or Mobile Polar High (MPH) see (Leroux, 1993).
171As per Trenberth and Guillemot (1994)
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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.

&������*8
� - � ���
��� � � ������ � ������ ����� � ���
�R� � ������ � �����
� �5(������ � �� � ;�
�2�P� � N!9!)� 2�P�O
 � "2 � ��������� � ��� �
��(�����
�������������No� r�*�g�O��%2������������������7���No� y�*�g�O������������
����(��
������
������������ �
(���������������=����N"�4�"��������@��
��%@4%�
��
�@��
O
�>7�����������
�������(����
������(������
��%|�������� ����� �
�����(���������
�-���5(�������(
�:��
��������
����������(�������������
�(�
����������������
��
�F��
�!8���
������������� �

��(�����M�������	*9���
�������
��(���
��M��������������
���N���������
��
����@ 	9���(��O�����
���
������������
�������� �
����
���(�����
��
�������
�(�39/����
��������������������������������������
���������
�-Y�������5���������
��Q
?$
 �
#������N	9	!O


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 PW172 and 180 PW, an average of 174 PW is displayed on Figure 47. 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  Strickler,  1964;  Manabe  and  Wetherald,  1967)  that  the  heat  absorbed  by  CO2 molecules  and  then 
dissipated by collisions to neighboring molecules (de-activation process from rovibrational173 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. 
89, 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 47, is the place of mankind with urban areas using less than 1% of the total surface of the planet  

172One PetaWatts = 1015 Watts
173https://en.wikipedia.org/wiki/Rotational%E2%80%93vibrational_spectroscopy   
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and even more importantly with a total power produced and used of less than 0.02 PW! 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 47 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 47 and as explained by Wilde and Mulholland 
(2020) “
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���(���” that was referred to as the TL_TTT in p. 89, and furthermore these authors demonstrate that there is 
no need for dubious atmospheric energy amplifier via radiative feed-back as conjectured by Kiehl and Trenberth (1997)  
Fig. 7 p. 206 and 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.
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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 = Solar Flux + Gravitational Lapse Rate” p.71, 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 “>������
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���(�����������������������A��������� �
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�”. 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 CAGW 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:

(��. 	 � 	0 �
�����

 (174)

Thus, inverting gives the trivial following value for T:

.�V ������ (
	0

W!ST  (175)

With F the incoming average solar flux set to 1370 W/m2, using Equation 175, 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.

174Personal communication on the 3rd of March, 2021.
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» 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 21). 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 20, Equation 33), a consequence of these temperatures (Equations 24 
and 25), 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 9 and 22). A simple polytropic relationship between temperature 
and  pressure  describes  the  air  and  surface  temperatures  (Equations  77 and  79).  Water  vapor  makes  the  Earth's 
atmosphere extremely opaque over the bulk of the thermal infrared spectrum (Figures  33,  35,  36), Table p.  92 after 
Equation 95, and Equations 96, 97, show that 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 39, 40, 41); 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.
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The Carbon budget (CB) proposed (1900-2018) illustrated by Figure  48, 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  
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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  
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 176, 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 (Idso, 2012; Donohue et al., 2013; Pearce, 2013; 
Pretzsch et al., 2014; Zhu et al., 2016; 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 (9).

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) a figure that includes the part represented by the definitive uptake by the Marine Biological  
Pump175 (MBP176) (Buesseler et al., 2020), plus net degassing by the oceans (+10.22 Gt-C) matching Levy et al.'s (2013)  
number, 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)  
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���������� ”. So, this number is a 
“worst  case” figure and the standard deviation across  years  is  very high,  reflecting that  these processes  ar  every  
dependent on the temperature. 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  and  MBP  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 (176) is used, except that the  αocean (+0.012) is positive (net 
contributor to the CB). Overall, the process is calculated in the following way:

Z"������ X
Q"���� Z"����
� 

� !

�

X �Q"���� Z"�����6��F X
�
��Y X��X �7!� 
�
�� YQ"������ 
�
��  (177)

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 

175In the well-lit surface ocean, primary organic producers use sunlight for energy and dissolved inorganic nutrients to transform dissolved CO 2 into 
organic carbon. As this organic carbon passes through consumers (e.g., zooplankton, bacteria) in the upper ocean, part of it is used thanks to  
food web processes and converted back to CO2. However, a fraction of the organic matter formed in the upper ocean is incorporated into living 
bodies, i.e. the bio-mass and nother is sequestered, transported to depth, where it is removed definitely from the atmosphere on time scales of  
months to millions of years.

176https://en.wikipedia.org/wiki/Biological_pump  
177(Druffel et al., 1992)

 129

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


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. The inter-annual variability is not accounted for in this CB, nor is it, e.g. in any CB published by the IPCC.

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 (15) p.47, etc. What should be remembered is that 
fundamental physical and chemical processes are operating before us and that first and foremost these should be 
accounted for: the soils and vegetation plus the MBP 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 only 
partially results of the man-made emissions178. Schimel et al. (2015) rightfully reminds that “&��������������
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” The CB presented here focuses on natural phenomenons, which are by far of a greater order of  
magnitude than the total of the man-made contributions. It also 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  “;��������
� � ��������� � �Y�� � 
�� � ���
 � ������� ���5���� � ������ � ��� �
��������������������������
�����
�������J����������
��������������������A���
�����”. So even though the oceans are 
net degassing for obvious physico-chemical reasons, their uptake of organic and particulate organic matter are probably 
underestimated in  the afore-presented Carbon Budget,  but  one can hardly  assess  objectively  to  how much these 
additional sinks amount by now.

In fact, despite the 68 authors required to produce the IPCC Carbon Budget, one must acknowledge that it does not  
stand the quickest scrutiny. As per IPCC, CO2 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 with -0.3Gt-C  (2.57 ppm annual increase) and 1998 with -0.5 Gt-C (3.28 ppm aanual increase), whereas 
the uptake by vegetation would have been maximum with values of 4Gt-C in 1992-93 (annual 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 curve179 that shows that the 

178This is of course a very different approach to that of the Le Quéré et al. (2016) paper which necessitated 68 authors (argument from authority ?) 
to come up with an IPCC compliant CB which leaves no place to Nature and wrongly uses the uptake by the Vegetation and Soils (V&S) as an  
adjusment variable of their curious CB, where the warm years the V&S uptake would drop to nearly zero! This is contrary to all observations, as  
the V&S have a very regular behavior over the years, be they cold or warm. 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.

179https://en.wikipedia.org/wiki/Keeling_Curve   and see Figure 171, p. 515 for a zoom over the period 2017-2022.
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seasonal variations of the [CO2] are mainly due to its consumption by the vegetation (the seasonal asymmetry comes 
from  the  fact  that  there  is  more  vegetation  in  the  Northern  than  in  the  Southern  hemisphere)  and  that  this  
photosynthetic activity does not vary by large numbers on a yearly basis as the IPCC CB requires it, in order to be  
balanced. It shows that there does not exist the kind of large differences from one year to the next or more generally  
between years that appear in the IPCC budget, e.g. [-0.5 - +4]Gt-C, the Keeling curve being very regular and 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: 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 and is falsified by the most simple observations.

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 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 in a warming world and is obviously one of the factors to be accounted  
for in any reasonable carbon budget and represents the major contributor to the inter-annual changes (see Figure 20, 
p.  59) driven by the temperature, even though its contribution as modeled here and displayed in Figure  48, could 
probably be somehow diminished. Reducing the modeled ocean's out-gassing would also lead to slightly reduce the 
uptake need by Land, Forest,  and the Marine Biological Pump that is required to balance this CB and would help  
address some of the criticisms that John Wheeldon180 made, basically an excessive uptake by the land and vegetation 
sink based on the following references (Melillo et al., 1993; Kirschbaum et al., 2001; Randerson et al., 2002; Haberl, et  
al., 2007; Beer et al., 2010; Gough, 2011; Randerson et al., 2015).

It is counter-intuitive that the oceans, which absorb more than 20% of the emissions in the global circulation process,  
can also strongly  emit  CO2,  which they obviously  do in warm,  El  Niño type years and lead to strong inter-annual 
variability that shows no relationship with man-made emissions (see Figure 22, p. 61). The complex role of the oceans is 
linked to the fact that they capture CO2 in the cold polar seas and release it in the warm intertropical oceans on the one  
hand, and that on the other hand they participate in the rapid circulation of CO2 and that they sequester another part 
of it (i.e. the MBP), including some permanently. Globally, at least an average of 130 ppm are rising from the deep  
oceans while only 125 ppm are sinking according to Levy et al. (2013). Of course, CO2 also precipitates in the solid form 
of calcium carbonate because the oceans contain enough calcium for this (i.e. oolites181). The oceans are also a much 
more efficient biological pump than was assumed until recently (Buesseler et al.,  2020) and e.g.,  marine dissolved  
organic matter which originates from phytoplankton, holds as much carbon as the entire Earth’s atmosphere according  
to Kieft et al. (2021).

To see how much science is still not settled (and will never be) and how fast things can change and have profound 
consequences on our understanding of such a complex environment, one does not need more than to read the recent  
paper by Pollard (2022) who studied how aerobic freshwater bacteria respiration contributes profoundly to the global  
atmospheric carbon budget. What had been considered as a side contributor by IPCC's AR6 of just 0.3 GtC yr -1, probably 
due to the fact that freshwater lakes only represent 0.0086% of all  the water on the planet and the rivers a tiny  
0.0002%, is entirely reassessed and leads to stunning conclusions. This original work has been made possible by in-situ 
bacterial respiration analysis from 66° N to 47° S latitudes, backed by  the advent of high-resolution satellite mapping of 
freshwater and the collaboration of limnologists. This study sheds crude light on the massive uncertainties that still  
prevail dealing with the global rate of carbon passing from terrestrial organic carbon through the lakes and rivers to the  
atmosphere and more generally demonstrates how speculative are all Carbon Budgets (CBs), including those needing  
68  authors  to  come  up  with  conjectures  that  are  quickly  falsified.  Pollard  (2022)  demonstrates  that  “'������� �
�������
���$+	����������������)3
)�;��$��w!
�This is 6 times the current annual burning of fossil fuels of 9.97 Pg C y −1 

(Le Quéré et al., 2017182)”. One of the reasons for such a massive change of appraisal is that the biosphere activity 
including bacterial metabolic activity is correlated with the temperature increase that naturally occurred since the end 
of the LIA and there exist large scale and diffuse sources and fluxes of Dissolved Organic Carbon (DOC) that drive the  
bacterial respiration and corresponding CO2 emissions from freshwater.

180https://www.researchgate.net/profile/John-Wheeldon  . Made a review of that section that is available on request.
181https://en.wikipedia.org/wiki/Oolite   
182The final correct reference is (Le Quéré et al., 2018)
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These are massive changes for IPCC's settled science, when it is discovered that freshwater that were accounted for a  
tiny 0.3 GtC yr-1 in fact should be revised as rather emitting, sorry for the small difference, 6 times the current annual  
contribution of burning of fossil fuels of 9.97 GtC yr-1 !

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  CAGW lunacies and forecasts.  The CB presented here will  certainly be improved, but IPCC's is  
refuted because it does not conform with the observations.

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 100 and corresponding Table), but its radiative contribution is very small even considering the water vapor 
feedback (Equations  101,  102)183, 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. Furthermore, if one must acknowledge that part of the [CO2] increase (210 Gt-C) since 
1900 is of anthropogenic origin, a significant part of it is also due to natural processes that have been dismissed and  
ignored by IPCC.

183Even as per the flawed IPCC model based on SBL, CO2 delivers a muted log-response (Equations 103, 104) 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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Questioned by Ball (2014) Is climate change going to be less extreme than you previously thought? James  
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James Lovelock is famous for his Gaia theory, i.e. Lovelock (1972, 1979) and Lovelock and Margulis (1974) that states 
that, for much of the past 3.8 billion years, a holistic feedback system has played out in the biosphere, with life forms  
regulating temperature and proportions of gases in the atmosphere to life’s advantage. This is an interesting idea that 
will be met many times in this book, the constant interaction between the lithosphere, the oceans, the freshwater 
environments, the atmosphere and the biosphere, an entire Earth-system that keeps evolving, where there are winners 
and losers. The question of whether this constant interaction and the evolutions that it entails is purposeful or not will  
be left to others to discuss, but as a matter of fact one must acknowledge that Lovelock's observation makes sense.

Where  Lovelock  (2006)  went  completely  wrong  is  in  “��� �7������ ��� �'���”  when  he  developed  a  gloomy  and 
depressing view where a looming disaster is  unavoidable and not far  off.  But as the quote beginning this  section 
reminds, he made amends, and a fault admitted is a fault half forgiven. Lovelock like Sagan will have been mostly wrong  
by putting too much emphasis on the role of GreenHouse Gasses (GHG) as his 1974's paper reminds us where he states  
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��
�
���������������������������
�������������������������5������((������������� �
�
���(����� � ������
����� � �� � ������� � ��^����
 � 
� � ���
��� � �� � �
� � ���������� � �,��
 � �A����� � ��� � 
�������� �

��(���
����
” and by completely misunderstanding the long term evolution of the Earth probably because geology 
was not his strong point, that instead is getting dangerously cold and not at all threatened by an increasingly active Sun  
or by more GHGs. According to Lovelock “+����������������(���������
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”. This is of course completely wrong. After having reminded so many 
mistaken views, the reader may wonder why it makes sense to quote Lovelock at all?

The reason is that even if the conclusions drawn by Lovelock are flat wrong, he is correct is thinking that there is no 
doubt that life evolves in response to environmental change, but that the environment also evolves in response to  
biological  change.  But  contrary  to  Lovelock's  dire  vision,  this  is  where  Gaia  wins  and  mankind  too.  Contrary  to  
Lovelock's fears, slightly warmer temperature and some more ppms of the gas of life are bountiful for life and for Gaia  
as well. Life flourishes everywhere more, on lands with an increased photosynthetic activity, in the oceans with a more  
efficient biological pump, in the freshwater systems as we have seen in the previous section that by the way proved 
how little we know of the global carbon budget.

Contrary to Lovelock's analysis, what was remarkable during the last LGM, just 23,000 years ago, is that enough CO 2 

was just left in the atmosphere so that photosynthesis would keep working (must be > 150 ppm) and so that the Earth  
would not die, knowing that plants have significantly improved their development rate  since the end of LIA (1850) with  
the recent increase of say 100 ppm (to be discussed), 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:

����� �) �� O��) ����� ��� (178)

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!

More CO2, more warmth and thus more water is truly the revenge of Gaia out of its ice-age Near Death Experience  
(NDE) as Equation 178 shows, but rather the opposite revenge of Lovelock's dismal one, a revenge of life that nearly 
disappeared during the successive long-lasting ice ages and struggled hard to adapt and that now tries to recover and  
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reconqueer all areas that were lost to the freezing cold of these hostile times, though the Holocene is an old inter-
glacial by now as shown in Figure 3, p. 14 and Figure 59, p. 151. Alas, his will, despite our emissions that will change 
nothing, be a short revenge as we will see that the return to glaciation is baked into the orbital parameters of this  
planet as will be explained in section “The last 12,000 years, Brief Overview of the Holocene”, and illustrated by Figures 
60, p. 154, and Figure 61, p. 156.
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As an image is worth a thousand words, a study by Dippery et al. (1995) mentioned by Gerhart and Ward (2010) shows 
how much plants need CO2 to perform reaction 178, and enable mankind to be fed. CO2 is the gas of life, no more no 
less. We simply need more CO2, not less.

Figure 171, p. 515 shows the seasonal oscillation of carbon dioxide. Each spring and summer, its concentration in the air  
drops as it is used in the photosynthesis reaction by growing vegetation that emerges from its winter slumber as the  
days grow longer. With the slowing down of plant metabolism and the fall of leaves in autumn, CO 2 rises again, just like 
in winter, because vegetation is unevenly distributed between the two hemispheres and plants with annual activity are 
located more in the Northern hemisphere than in the Southern hemisphere, so the phenomenon is based on the boreal  
hemisphere Over the last 40 years, the amplitude of these oscillations has increased considerably, by 36%, while the 
CO2 amplitude  over  the  same period  has  only  been about  20%,  which  shows how well  vegetation makes  use  of 
increased CO2 levels in the atmosphere.

Satellite observations of course confirm and provide a visual evidence to this greening of the Earth  and in 33 years, the  
equivalent of a continent of 18 million km2, i.e. more than 30 times the surface area of metropolitan France, has been 
formed or reinforced. Furthermore,  over the period 1982-2009, Zhu et al. (2016) report “2���������(�����
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184 LAI means Leaf Area Index as per Zhu et al. (2016)
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This is indeed the revenge of Gaia, a blossoming of life evidenced by the latest satellite datasets that NASA can offer,  
such as the MODIS Vegetation Index Products186 (NDVI and EVI) and shows that the greening represents an increase in 
leaves on plants and trees equivalent in area to two times the continental United States, this is no small matter and  
carbon dioxide  fertilization explains  70  percent  of  the  greening  effect!  Mankind survival  entirely  depends  on the  
photosynthesis that enables plants and trees to grow, they in turn feed us, the animals we raise and give us clothes,  
medicine and so much more. As showed by Equation 178, the vegetation absorbs carbon dioxide and gives off oxygen, a 
vital gas that has a long history on this planet (Canfield, 2014) that supports the metabolism of all aerobic species 187. 
Plants even provide many of our medicines and building materials. More plants is more food for everybody, more  
biodiversity and production of oxygen by capture of carbon dioxide that the plants make good use of.

As we have said, carbon dioxide, by ensuring photosynthesis, makes it possible to feed literally all the higher forms of 
life, including mankind, and fertilization by CO2 is not a small matter, because it increases the yield of crops. For 45 
crops that provide 95% of the world's food, the benefit of a little more CO2 has been estimated by Idso (2013) at $3,200 
billion, but it is mainly that it allows a better yield of food crops that feed billions of people, especially in poor countries.  
CO2 improves  the  productivity  of  almost  all  ecosystems,  since  the  results  obtained  in  more  than  3500  different  
experimental conditions on 550 plant species are almost unanimous. In the long term, it also enriches the soil, which in  
turn improves yields. 100 ppm more is simply an increase in yields of 50% for corn, 60% for soybeans and 80% for  
wheat!  Why  do  we  never  talk  about  the  extraordinarily  positive  consequences  of  a  slightly  warmer  climate  and  
increased fertilization by a little more CO2? Why do we always resort to unfounded catastrophism? Mystery, some 
people must have an interest in it!

Global wheat production is expected to reach a new record of 780 million tonnes in 2021, according to a preliminary  
forecast issued March 4 by the Food and Agriculture Organization (FAO) of the United Nations (Schroeder, 2021), why  
always complain?

185https://www.nasa.gov/feature/goddard/2016/carbon-dioxide-fertilization-greening-earth   
186https://modis.gsfc.nasa.gov/data/dataprod/mod13.php   
187https://en.wikipedia.org/wiki/Aerobic_organism   
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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 at least four  others distant events namely: @�������!33 (-2,470 to -2,210 
Myr) which is the oldest series of protracted climatic refrigeration events that extensively affected the Earth between 
2.45  and  2.22  Ga,  in  association  with  the  rise  of  the  atmospheric  oxygen.  During  these  events,  glaciers  covered  
continents, extended to low latitudes, and reached there sea level, the $���������!3: (-720 Myr to -630 Myr) comprising 
the Sturtian and Marinoan glaciations often referred to as  “"������� ����
�” phase,  the so-called  -�����?"�������
glaciation190 (-460 to -420 Myr), then finally the %�
��;����M���!:! (-360 to -260 Myr) formerly known as the Karoo ice 
age.
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The most important information conveyed by Figure  51 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 -�����?"�������

188https://en.wikipedia.org/wiki/Huronian_glaciation   
189https://en.wikipedia.org/wiki/Cryogenian   
190https://en.wikipedia.org/wiki/Andean-Saharan_glaciation  
191https://en.wikipedia.org/wiki/Late_Paleozoic_icehouse   
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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 
%�
��;����M��� or [���� 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 between [CO 2] and T as displayed on the 
timescale of e.g. Figure  67. One should first note that correlation does not entail  causation as explained by Richet 
(2021) Figure 19, p. 56., and that the reason is simply a confusion between cause and effect, i.e. thus the reason is in 
fact  very  simple:  once  a  geochemical  and  geophysical  steady  state  is  reached  that  corresponds  a  given  CO 2 

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), 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  59, 
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, Homo Sapiens and his predecessors 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 
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Isotope Stage (MIS)192 number (Lisiecki and Raymo, 2005), 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 the changes that they observe over geological times are deeply mistaken, for example at the  
Turonian–Santonian stage (93–83 Myr), when there is strictly no correlation, rather the opposite for all the Cretaceous  
period. In fact, 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.
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The actual explanations to such situations is simply that they 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) changing atmospheric and oceanic circulations and global heat transfer mechanisms at the scale of the  
entire globe, and furthermore there is no reason why the atmospheric pressure that is the most important determinant 
of the ground temperature, as explained Figure 30, p. 77, using Equation 79, would not have changed as well over tens 
of millions of years. So we are in an ice-age, i.e. the Quaternary, and we have been in it for more then 2.5 Myrs and to  
illustrate how much the Earth has changed since the previous known glacial era, i.e. the late Paleozoic or Karoo ice age,  
a picture will be worth a thousand words, let's look at Figure 52! Does it make sense to believe, the reference to a belief 
is important, that CO2 changes can explain what the climate of such a world was? Remembering that this is the closest  
former glaciation known to us, late Paleozoic ending just 260 Ma, one can imagine how different the Earth was during  
the Andean-Saharan (-460 to -420 Myr), or the Cryogenian (-720 Myr to -630 Myr) or worse the Huronian (-2,470 to 
-2,210) ! The next Figure puts in perspective all the know ice-ages and sums it all up.
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192https://en.wikipedia.org/wiki/Marine_isotope_stage   
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It is also worth noticing that during the period going from mid-Jurassic to the PETM (-175 to -55 Myr) CO 2 concentration 
and T have had negative correlations, the reverse of behavior corresponding to the CAGW 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  “���(���
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So let’s set out to see how much climate has changed without mankind having a say in it!
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1.5.1.1. The last 2,000 years

In:  Observed Climate Variations and Change,  IPCC WG1, Chapter 7;  p.  199 Executive Summary,  “-������� �
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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"193, 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.  

193Grain 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 (de Baecque, 2003), with even the appearance 
of swarms of locusts and a form of Saharan climate in the “ >��?��?&�����” 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 28 th, 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:
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� XVe century : extreme heat and drought in 1473 (Camenisch, et al., 2020);

� XVIe century : 1536 (“������
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����(���������;�������������”), in 1540, Europe, from the Atlantic to 
Poland and from Tuscany to the northern border of Germany, suffered a period of eleven months of heat and  
drought (Pfister, 2016; Camenisch et al., 2020), 1553;
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195Daniel 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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also Brázdil et al., (2019), 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 54 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 “>
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�” and enabled the colonization of Greenland by the Vikings196. The MWP was warmer than today and 
corresponds to the total withdrawal of the Aletsch Glacier (Figure 55, p.144).

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 “���
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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  

196The 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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the 19th century glacier retreat in the Alps preceded the emergence of industrial black carbon deposition on alpine high 
altitude glaciers  «+����
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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) “@�������������
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���"��;�����'����N";'O”. 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 famine197 (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  
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).
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Christiansen and Ljungqvist  (2012)  conclude that  their  reconstructions  indicate  that  «
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197“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. 293
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�������S». 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 Length of Day (LOD) and the North Atlantic Oscillation (NAO) by  
Mazzarella and Scafetta (2018) which demonstrate that LIA “����!
9V!
)�W$��������
����������
������(�����” 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  
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). During this RWP, figs were grown around Colchester in Essex England and  
during the Medieval Warm, Grapes were grown openly in Yorkshire in the North of England. Interestingly, neither of  
those are possible for open air cultivation today.

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 “'��������������������” shows in the Mediterranean area “(�����
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����������������”. Providing a good illustration of the principle “Cooling not warming is riskier”, see 
footnote p.  144, Margaritelli  et al. (2020) conclude “2����(�
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�������������
�����
����7�����$������ �
+(���������
����5(����������������A���
������������
���7�������(���”.

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 uncharted 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  
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publish the paper were fired by the publisher198 (Jaworowski, 2007). But, this is just what Luterbacher et al (2016) also 
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���”. 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).

198https://en.wikipedia.org/wiki/Soon_and_Baliunas_controversy   
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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  59),  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 "�����������������
��������
��
��
������
�����
�����F�� �
��������������
����������
���@��������������������������������������
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�����������". 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. 
517.
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1.5.1.2. 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 “-���������
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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 56.

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 
higher199 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  Leilan200 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 «*
	����=;������������
» 
that  reduced agricultural  production in  northern Mesopotamia,  forced regional  abandonment,  disrupted Akkadian 
imperial revenues, and thereby lead to the political collapse in southern Mesopotamia. 

199Summer 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.

200https://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 «D�������
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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 «����
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����(�������». 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.

It is also worth noting that by studying Alpine glacier variations using terrestrial cosmogenic nuclide (TCN)-based glacier 
chronology relying on 24 new  10Be exposure ages, Le Roy et al. (2017) identified the  *
	����=;�����
 that shows a 
marked advance identifed by moraine ridges “
��
���������
��������
�����
���������
���%�P���>���-���N%>-���
�!	)9?�!3.9 �
-DO���5�����(���������0���1��������
���
��*
	)�u�9
**���”.

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 (Vinós, 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 Circulation201 (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 “������5������� �
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another hypothesis “������
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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.
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201https://en.wikipedia.org/wiki/Atlantic_meridional_overturning_circulation   
202 A 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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The African humid period has been explained by increased insolation during Northern Hemisphere summer, as detailed 
by Shanahan et al. (2015) «D������
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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) «+���
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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 «����������@���������������� �
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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 58. 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 «
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203Excerpt from https://en.wikipedia.org/wiki/African_humid_period
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Can we have a more mind boggling climate change example that this Green Sahara story? 
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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 “
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���(����������������”. 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  55).  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 Debris205 (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  

204https://figshare.com/authors/Javier_Vin_s/6370913   Javier Vinós' public data
205These 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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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  
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), Vinós provided an extended explanation with respect  
to the factors that make LIA-type events come to an end. “������%>-�
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�������������(����”. 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.
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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.  Vinós  adds  “��� �2��
������ � ������ ������� � �� � 
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206In 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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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 event207 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 (Eddy, 1976) 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 59:
� 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 Sernander208 proposed 
that this climatic change was abrupt, even a catastrophe that he identified with the Fimbulwinter of the Sagas. As 
summarized  by  Vinós  (2017b;  2017c)  “@������� ������
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”. The transition from Atlantic to 
Sub-Boreal, i.e. “B3” of Figure  59, corresponds to a remarkable solar anomaly, an extraordinarily large  14C increase 
(20‰) from 5481 BC to 5471 BC (the 5480 BC event). The 14C increase rate of this event is much larger than that of the 
normal grand solar minima according to Miyake et al. (2017) and furthermore is close to another such event at 5410 
BCE Miyake et al. (2021). The 5.2 kyr event described by Vinós (2016b), a global phenomenon (Thompson et al., 2006), 

207https://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) “�������
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208https://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.
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could be the outcome of the clustering of such exceptional solar weaknesses and leads to a change of regime with the  
shift of  the ITCZ and the real  beginning of  the neoglacial.  For  a  more general  discussion addressing  the “���
�R� �
�������������
�����
����������������������"��” and  how extending annual resolution 14C records back before 14,000 
cal BP would enable to investigate the glacial regime, see Heaton et al. (2021).
 
As far as glacier are concerned, there are evidences that at the Holocene Climatic Optimum209 (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)  
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) "-�����
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" 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. "-�����������
���(����" says Joerin. 
As explained in Joerin et al. (2006) “-����(���������
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with the two distinct Holocene periods identified by Vinós (2017b; 2017c), six millennia of warm and humid weather 
followed six millennia 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 59 is 
remarkable because of it brutality and was first identified from changes in oxygen isotope composition in ice cores from 
the Summit site in Greenland210. 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.  “#��
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(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 “"
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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 circulation 211. “-�����������(�
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It is further elaborated by Clark et al. (2002) that “����(
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209HCO was a warm period during roughly the interval 9,000 to 5,000 years BP, with a thermal maximum around 8000 years BP.
210Notice that Stomata are small orifices that allow gas exchanges for plants. Their number and size are an indicator of the CO 2 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.  
248) 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.

211https://en.wikipedia.org/wiki/Thermohaline_circulation   
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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 
“"���������������������������������������(��� ���
������?(�����<��
��-
�������((����
��������������J��������� �
���������������������
(�
�
�������
���������@�������
����������������������������������������������
������������� �
�����������(�����������
������
������������������������������?!*��������������?!9��������
�������
���������������� �
�����������������(��5����������Y��������������������(?�����������
������
�-��������������������������
������������ �
����������
�����
�
���@��������������
����
���<��
��-
��������h!)99?����h������”.

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) : “����������
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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  “�� � 
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”. 
Slightly deviating from other circulation patterns and temperature records for reasons they consider, Giraudeau et al.  
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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  60 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 59. 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,  

212Irminger Current
213North Atlantic Drift
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sea-level starts dropping. The intensification of ice-albedo and vegetation feedbacks result in a point of no return. As 
rightfully stressed by Vinós (2018d) “D������
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��������� ”. 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!

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  
5,000 years “>�������
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More precisely, details in the timing may vary slightly but obliquity remains the trigger “@����>������
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(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 CO2  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 61).

As displayed in Figure  60, 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 Vinós (2018d) “"�������
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�$+	� �������”. 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 Vinós (2018d) “-�����������
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limit was crossed by the Holocene some 1500 years ago as displayed on Figure  61, 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. Vinós (2018d) adds “=�
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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)  “$������� �����
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��������”, 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 doomsayers 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 “D��(�
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”.  In  fact,  Javier  Vinós' point  of  view is  surprisingly  the same as  that 
developed by Broecker (1998) quite some time ago “>
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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  
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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 Change214 (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 
effect  of  CO2.  Nevertheless,  frightened by  their  own boldness  and using  a  lot  of  conditional  tense,  Lohmann and 
Gasparini (2017) assert “I���
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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?

214http://www.spice.ac.uk/   and https://en.wikipedia.org/wiki/Stratospheric_Particle_Injection_for_Climate_Engineering 
215Ice Nucleating Particles (INPs)
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1.5.1.3. 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 62 gives a snapshot of how leaving the Holocene (11,700 BP) we 
move very quickly into the extremely cold Younger Dryas (Dansgaard et al., 1989; Sarnthein et al., 1995; Cheng et al., 
2020), followed by the warm Bølling–Allerød event216 which offered temperatures close to the Holocene, and further 
past we enter the sequence of  Dansgaard-Oeschger events (Dansgaard  �
���
,  1993)  and  Heinrich events (Heinrich, 
1988) which have shaped this glacial period. The D-O events have a solar origin, and Braun et al. (2005) demonstrated 
that “�����
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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 
Dryas217, 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 D-O1 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). 
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These are called Dansgaard-Oeschger219 (D-O) 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  

216The 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 

217https://en.wikipedia.org/wiki/Younger_Dryas   – With a brutal +10±4°C warming to end the cold episode (Grachev and Severinghaus, 2005)
218In 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 “"�����
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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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in sudden and massive arrivals of coarse sand and debris transported by icebergs, i.e. Ice-Rafted Debris 220 (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 “
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������”221.  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. “-�
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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 222 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  CAGW 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 “Sea Level Changes” p. 230).

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 some 3°–5 °C ocean warming occurred at intermediate  
depths 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. “-���������
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219Dansgaard-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.

220Dansgaard-Oechsger events and Bond events are of very different nature. D-O 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 D-O 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).

221The 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 (H1), this possible Southern Hemisphere 
source of methane is directly associated with an abrupt rise in atmospheric carbon dioxide

222https://en.wikipedia.org/wiki/Meltwater_pulse_1A   
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Now, it  is  simply delusional  to read how Köhler et  al.  (2011) state with respect to this  Bølling–Allerød event that 
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8)�2�� w	“ 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 “@��������
����������
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A longer picture, up to 60,000 years is given in the Figure 63. 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 64 , provides SST reconstruction based on 
Alkenones224 and go back to 70 kyr, showing A1 to A5. The  Last Glacial Maximum (LGM) occurred ca. 21,000 years 
before present (BP) and affected Earth's climate by causing drought, desertification, and a large drop in sea levels, in  
fact, much of the world was cold, dry, and inhospitable, with frequent storms and a dust-laden atmosphere with a 
dustiness of the atmosphere being a prominent feature in ice cores. Figure 4, gives an idea of how different Europe's 
landscape and vegetation was from now.

223https://en.wikipedia.org/wiki/Antarctic_Cold_Reversal   
224Alkenones 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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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  (ACR)  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.
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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 Fields226 near Naples227, 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 “��
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��� ��5(������ ����(����”  (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  

225Accelerator 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 

226https://en.wikipedia.org/wiki/Phlegraean_Fields   
227 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  
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���(�����������”. 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) “-�����(�������
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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 ago229, of an estimated Volcanic Explosivity Index (i.e. VEI) of 8, expelled an estimated 2,800 km3 of ash and 
lava (DRE) and Rampino and Ambrose (2000) consider that “��������������������������������
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�����@	"+*���������”. 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 '=�P�����������������������������
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Rampino and Ambrose (2000) in the “Volcanic winter in the Garden of Eden: The Toba super-eruption and the late  
Pleistocene human population crash” and by Williams et al. (2009) who studied the “����������
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228Lasting 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.

229The 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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��-���”. The consequences of the explosion were a whopping global ecological disaster and 
as reminded by  Rampino and Ambrose (2000)  “'�������
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������������ � ����������� � ��� � ���������”.  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 (D-O) 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  
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���”, 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 “
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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 “
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therefore  the  proofs  given  were  considered  inconclusive  by  some.  The  same  authors  also  report  that  “��� � 
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����”. 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 (Lomborg, 2022). One should just remember of the air travel disruptions 230 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 2C̊ warmer than preindustrial levels, high latitude regions were several degrees warmer still, up to  
+8C̊  as  displayed Figure  65,  as  it  was a  time when climate was significantly  warmer than now, whatever the CO2 

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) “2�� ���
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230https://en.wikipedia.org/wiki/Air_travel_disruption_after_the_2010_Eyjafjallaj%C3%B6kull_eruption   
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	 ������ ?!”.  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 “-�����������
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!	.����=;�N.9�2Z�	O” 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 station231. No need to search for a 
dubious involvement of the GHGs.
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One should further notice that the conclusion of the Berger and Loutre's (1991) paper states that “�(�
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)�#���������,�������������”but the horizon of validity is somewhere in between 5 to 
10 myrs ago most probably not for  periods earlier  than 10 Myrs “���
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������������������������N%�������!:3:��!::9O”. 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 Spörer232 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;
� 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 mega drought»;

231https://en.wikipedia.org/wiki/Quaternary_glaciation   
232The 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 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 lake233 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 

entering the Holocene (Dansgaard et  al.,  1989;  Grachev and Severinghaus,  2005;  Rasmussen et  al.,  2006; 
Cheng et al., 2020);

� the warm Bølling–Allerød event (D-O 1) that brutally follows the Heinrich H1;
� 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 CAGW shibboleth and the CO2 fable ?

233https://en.wikipedia.org/wiki/Proglacial_lake    and https://en.wikipedia.org/wiki/Lake_Agassiz 
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1.5.1.4. The last 3.5 million 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 234, 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 66.

&������..
 i!3+����
�(���������������%79*��
�������)�����
������������������������
���������������
��
����������
�!
3�������������� �
�����������
�����������������������������
���(����������������
��(���
������������
�����������������������
������� �
��
������������������
��(���
���������������
��������������
����������
�;�����������������
��(���
��������������
�
��� �
#>"�	��
��
�������
���������
�������������������������������
�������������#>"��������N��
������O
�"�����T�%����������� �
7�����N	99)O


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 67). 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 “-���������(����������������
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234https://en.wikipedia.org/wiki/Ice_age   
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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 Vinós (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 ephemerides 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 
ephemerides 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 intervals235, 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 was supposed minimal.
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235https://en.wikipedia.org/wiki/Geologic_temperature_record   and (Vinós, 2018d)
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As pointed out by Vinós (2018b) “"��@�����>�����������"������
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����F��������”. 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, i.e. mid-Brunhes236 Climate Transition (Habicht, 2015; Ao et al., 2020) 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 Adhémar237 and James Croll, see Raymo and Huybers (2008) for a more 
comprehensive historical perspective. But it was the serbian genius Milutin Milanković  (Milankovitch, 1941) who was 
the first to bring the calculus to the point of a making a theory238, refined later (Hays et al., 1976; Laskar, 1990; Laskar 
and Robutel,  1993)  and led further  to very sophisticated solutions providing ephemerides and accurate insolation  
reconstructions, e.g. “-�������
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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) “
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2001). So, instead of accepting that climate changes a lot without any man-made interventions, the authors focus on 
the supposed effect humans “����
�����” through “����������������”. That's flabbergasting! There is not the slightest 

236https://en.wikipedia.org/wiki/Bernard_Brunhes   
237https://en.wikipedia.org/wiki/Joseph_Adhémar    and https://en.wikipedia.org/wiki/James_Croll 
238It should be noted though that the ideas of Milankovitch did not come out of the blue and had already been considered for some time by several  
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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 U��
�������'�������� 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  
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 “���������
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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 emergence and widespread distribution of C4 plants that originated probably as early as the Oligocene (Gerhart and 
Ward, 2010), 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 CO2 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!
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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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The conclusions drawn by comparing the Holocene to the average interglacial (see Figure 69) 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.  
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�����������#>"�)�����!!” 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) “=���������� �
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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 authors239 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, Vinós (2016a) adds�G+����
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�������������������������������”. 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 “=��������
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239Condition added “if atmospheric CO2 concentrations did not exceed 240 ± 5 ppmv” 
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����������”. 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 ephemerides 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  
Jaworowski (1994, 2004). In fact, many problems arise the deeper the ice core as many physico-chemical phenomenons 
take place and erase high frequency climate variability. Pol et al. (2010) state “���������������������#>"�!:������
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�”. 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.  «����<���E����$�
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» (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 CAGW 
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.
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The transition from the Pliocene climatic optimum (Figure 70) 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  
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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 70. As reported by Brigham-Grette et al. (2013) “-
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������(����”. 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.

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)  
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���;��� �”. 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) “�����
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��$+	� �������”. 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 “�����
��������
� � 
� � $+	� �������”  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 “����;������������ �
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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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1.5.1.5. The last 66 million 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 basins240, 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 Thetys241 were still major parts of that past geography, see Figure 71.
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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  

240https://en.wikipedia.org/wiki/Molasse_basin    and https://en.wikipedia.org/wiki/Molasse 
241https://en.wikipedia.org/wiki/Tethys_Ocean   
242https://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)243.
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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 δ18O 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  

243"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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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.

The fact that the Earth's climate has been dramatically cooling since the Early Eocene Climatic Optimum (EECM) is well  
displayed by Figure 72 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. 84 
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 “��������������������� �
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����������������������”, 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 “2��(��(����
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������”  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) “;����(��
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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 pCO2 > 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������ 		�
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���� )�W$� ". 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 “���������� ���
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�". In fact, these low levels pCO2 also went 
along with the “Antarctic Thawing” as indicated in the next Figure 73, p. 176.

 Zachos (2001) rightfully identifies many other factors having a much more important role on climate than p CO2 and 
lists some of those that he considers major determinants of climate status “-���������(���
����
���
�����������
��������
 �
���
�������?
����+������������������
���������������������-�
���������������������������(�������������5(�����
�� �
������ ��((���������� �-�
����� � ���?����
�� ���
 � ����� � 
� ��5(���� � 
�� ������A���
 � 
���������
 �<���������
���������� �
$���M����($+	� ��������������
��������������
��
�����������
������������
��
�
����
��������������������
������ �
������������������������������������������������������������������
�����������������
���������
��
�����
������((������ �

�� � ������� �������
 � �� �����
������ � ����� �(���� � ���?����
�� ��
 � ����
 ������� � 
�� ������� �$���M���
 �-�
����� ��������� �
���������(����(�
��������������?�������
��($+	����������������������
����(�����
�����������������������(�P��������� �

 175




�����������������������
�&�
�����,��
��
��������
�������
����+����������������������������������
��
�����������
�� �
��������������������������
����������������?����
���������
���������������
����(�����
�-�
�������������

�"��������� �
��
������($+	� �����
������
�	)�#���
��
���������
��������������
��������������������������
���������� ��������� �
����� � ��� ���
�� � �����Z�
���(���� � ���������� ���� ����
 � ��� � ��(�� � 
����(��
� ���� ����� ���� �� ��������
 � ���� � �� �

���������������?���������Y����������
�” (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) “������
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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 73), 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).
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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) “���������������������� �
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������”. 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 
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 “"������
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���������������������”. So basically, it could be anything244 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 “2�������
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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  
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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 “����;��������Z�������
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” 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  lysocline246 contributing much to the modeled CO2 

244Among 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.

245LPTM, 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).

246The 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. “"�����
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et al., 1969). Furthermore, the CDs levels are driven by the production of CO 2 from the organic carbon in the water(s) and  as the Pacific has a  
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release by changing the CCD), the next scientific evidence is to jump to Renssen et al. (2004) “$�
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appears completely unsubstantiated based on the references given, but the conclusion from Dickens et al. (1997) is 
even more cautious “����%;�#������
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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 “���������������
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�” (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 “ >�����������
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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 up-welling 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 Garita247, 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 44, p. 28) adds “�
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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 
formation mechanisms, variations in the relative humidity of the TOA radiating towards the cosmos (a decrease leads to 

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.

247La 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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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. “����
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(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 “t����(��������������
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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 C 3-
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) “��������������������������
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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.
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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  17) 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. CO2 has just 
adjusted itself to the various reservoirs according to the temperature and has in no way been responsible for the PETM  
temperature change.

The mistaken idea that computer programmes such as GCMs attributing a major role to CO 2 could be used convincingly 
to explain distant paleo-climate such as the Eocene emerged from discussions at the National Center for Atmospheric  
Research248 (NCAR) between Warren Washington and Eric Barron249 who initialy trained as a geologist (Bachelor of 
Science in geology from Florida State University in 1972) had much interest in paleoclimates. From 1980 to 1985,  
Barron was employed by NCAR in Boulder, Colorado, as a post-doctoral research fellow and scientist. But, from what is 
reminded to the reader in section “Orbital Stability or Chaos?”, p.  207, nobody even knows what the Earth's orbital 
parameters (plus its tilt over the ecliptic, its atmospheric pressure and even composition) could have been 60 million  
years ago, far beyond the lyapunov time and even in the extraordinary situation where the orbit would have been the  
same which is a highly unrealistic hypothesis,  the drift of the continents over that time frame makes it  such that  
atmospheric and oceanic circulations must have been so different that there is no need for any CO2 greenhouse effect 
to trigger massive climate changes. Even such small  changes as reported in the section “Volcanoes, Tectonics and
Climate”, p.  293, and analyzed by Hu et al. (2015) dealing with the effects of the Bering Strait closure on AMOC and 
global climate, show that the best usage of these NCAR models (Community Climate System Model, now CCSM versions  
2 and 3 and Community Earth System Model) is to demonstrate the irrelevant influence of CO 2 on climate matters over 
geological timescales which is not surprising given how little effect changes of [CO2] have over current climate, e.g. 
simulations of a doubling to 800ppm using e.g. MODTRAN, see Figure  135, p.  328,  show for example, that adding a 
cumulus cloud base has an effect that is 8.62 times more important than doubling CO2!

The Messinian salinity crisis250 in the Mediterranean, is a good example of a very fast and massive change of paleo-
geography associated with considerable modifications of oceanic and atmospheric circulations and thus climate.  The 
Mediterranean Sea  went  into  a  cycle  of  partial  or  nearly  complete  desiccation throughout  the  latter  part  of  the  
Messinian age of the Miocene epoch, from 5.96 to 5.33 Myr that ended with the extraordinary Zanclean flood (Clauzon 
et al., 1996), when the Atlantic refilled the basin. One must know that only the inflow of Atlantic water maintains the  
present Mediterranean sea alive and during the Messinian crisis net evaporative loss set in at the rate of around 3,300  
cubic kilometers yearly. At that rate, the 3.7 million cubic kilometers of water in the basin would dry up in scarcely  
more than a thousand years, leaving an extensive layer of salt some tens of meters thick and raising global sea level  
about 12 meters. It will be recognized in the future, that the entire scientific literature that explains distant climate  
changes, in fact beyond the start of the Holocene, just by variations of [CO2], some going as far as Cambrian is pseudo-
science. Such a good example is the paper by Rohling (2012) that requires 35 authors to conclude basically that they 
concur with the IPCC that “+����
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— Richard Lindzen

248https://ncar.ucar.edu/   
249https://en.wikipedia.org/wiki/Eric_J._Barron  . It is ironic that Barron was the editor of a special issue in January 1989 entitled “The Long Term  

Stability of the Earth System” of Global and Planetary Change, a daughter journal of palaeogeography, palaeoclimatology and palaeoecology that  
basically demonstrated that there is no long term stability and that the Earth system is on a constant roller coaster change.

250https://en.wikipedia.org/wiki/Messinian_salinity_crisis  
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1.5.1.6. The Last 540 million years, Mass Extinctions and Beyond

This section will  address the Mesozoic and Paleozoic Eras that span from -542 Ma to -65.5 Ma and took place  
before that the Cenozoic started at 65.5 Ma (briefly described in the previous section), but in terms of climate a round 
the  Paleocene-Eocene  Thermal  Maximum (PETM)  transition (56  Ma)  and  even  before  the  dramatic  K-T  chicxulub 
impact251 during the late Cretaceous period, i.e. the Maastrichtian, Campanian, and Santonian (86 Ma), one needs more  
than  just  CO2 given  its  logarithmic  response  to  account  for  the  warm  climate  conditions  observed.  The  geologic  
temperature record shows that we are in a hot house environment with temperatures anomalies departing from the  
1960-1990 average regularly of more than +10°C and up to +15°C. The Cretaceous, which occurred approximately 145 
million to 66 million years ago, was one of the warmest periods in the history of Earth. The poles were devoid of ice and  
average temperatures of up to 35 degrees Celsius prevailed in the oceans, the optimum occurred during the so called 
Cretaceous Thermal Maximum252 (CTM), that reached its peak approximately 90 million years ago (90 Ma) during the  
Turonian age of the Late Cretaceous epoch. The most common reason proposed to explain that the Earth was so warm 
during the Cretaceous era is because the atmosphere contained 3-6 times more carbon dioxide than the current era.  
This is not the correct explanation for at least two reasons, one is related to former known paleo-climate conditions 
that refute such a conjecture and the other one is just related to the radiative physical impossibility for any increase of  
CO2 concentration, even up to 100% of the atmospheric content, to rise temperature of +15°C or more and certainly  
not  just  6  times  more  (i.e.  2400  ppm).  We will  briefly  cover  both  and  explain  what  the  solution to  this  climate  
conundrum is.

A general discussion of the refutation of the supposedly climate driver role of CO2 over geological timescales follows 
Figure  51,  p.  136,  but  the first  refutation that  comes to mind and can be proposed here based on paleo-climate  
evidences, is the transitioning from the warm seas of the Early Ordovician (ca. 485 Ma), typical of a hothouse climate to  
the Hirnantian glaciation253 (ca. 443 Ma) better known as the -�����?"������ glaciation, an icehouse climate (Finnegan 
et al., 2011), transitioning that happened despite high atmospheric CO2 levels (e.g., Pancost et al., 2013), presenting 
what Barney and Grossman (2022) call “�������
�����������”. The proper scientific method would not see in the high 
CO2 levels  accompanying  the  Hirnantian  glaciation  a  “conundrum”  but  just  the  logical  refutation  of  a  flawed 
conjecture. The second refutation comes from the fact that even if the CTM had be characterized by up to 8 times more 
CO2 than current concentrations, thus three doubling, i.e. 23, given the ECS of 1.2°C from Myrhre et al. (1998) this would 
have led to a maximum increase of (3*1.1°C)=3.3°C extremely far from the 15°C required, or given the ECS from AR6 of  
1.68°C this would have given a maximum increase of (3*1.68°C)=5°C, still very far from what is required. High [CO 2] of 
the CTM came from the ougassing from the warm oceans and were the consequence and not the cause of the warmth.  
These high concentrations may have contributed partially to the high temperature but are not their cause. There exist  
two refutations, that's more than enough in Science to reject a flawed conjecture.

Thus, what is the cause of the CTM and PETM?

As we have seen in Figure 30 p. 77, an increase of the atmospheric pressure of 20% from 1 bar up to 1.2 bar already 
triggers through the lapse rate a temperature increase of 10°C from a reference of 288K (14.85°C) up to 25°C. Given the  
imbalance of 3.7Wm2 for a CO2 doubling (Myhre et al., 1998) which gives an ECS of 1.1°C (Equations 103 and 104 p. 
110), thus it would require nine (9) doubling of the [CO2] concentrations, an increase of 29= 512 times (i.e. at 0,04% 
times 512=21%) that would raise the proportion of CO2 to 21% of the atmospheric composition, in order to produce an 
equivalent warming of 1.1*9≈10°C. Then to reach an increase of 15°C, a small further increase of P atm to 1,3 bar does 
the job, whereas with CO2 there is no way, for the simple reason that even if CO 2 represented >90% of the atmospheric 
composition as on Mars or Venus, with 1 bar of ground atmospheric pressure, then eleven (11) doubling would have  
been  required  and  211=2048,  thus  (0.0417*2048)=85%  and  the  temperature  would  have  been  increased  of  just 
(11*1.1°C)=12.1°C as per Myhre et al. (1998) or slightly more as per AR6's ECS of 1.68°C (with all  positive feedback  
imaginable) of (11*1.68°C)=18.48°C. Thus, reaching the temperatures displayed by the late Cretaceous period at CTM 
or during the PETM - also known as Eocene Thermal Maximum 1 (ETM1) and Eocene Thermal Maximum 2 (ETM2), 
would require that CO2 represent sort of 100% of the atmosphere at 1 bar, which does look simply preposterous.

251https://en.wikipedia.org/wiki/Chicxulub_crater   
252https://en.wikipedia.org/wiki/Cretaceous_Thermal_Maximum   
253https://en.wikipedia.org/wiki/Hirnantian  

 181

https://en.wikipedia.org/wiki/Hirnantian
https://en.wikipedia.org/wiki/Cretaceous_Thermal_Maximum
https://en.wikipedia.org/wiki/Chicxulub_crater


The only  way  to  account  for  such  temperature  changes  over  geological  times  is  through atmospheric  pressure  
changes,  with  [CO2]  accompanying  the  T  changes  with  a  lag  as  was  explained  and  seen  Figure  19,  p.  56.  [CO2] 
concentrations are not the driver of the change, it will be out-gassed by the warming oceans and it will contribute to a  
slight increase of the overall temperature and reversely it will dissolve in cooling oceans and will reduce slightly the 
radiative bonus. CO2 is just a bonus!

Is there any way to assess these paleo-barometric changes? The first thing to observe is that the way back machine has 
taken us some 80 Ma ago and the Earth is hardly recognizable as visible on Figure  76, p.  186, thus all oceanic and 
atmospheric circulations must have been entirely different, but if everything keeps changing all the time, one of the 
only truths that applies, why would the atmospheric pressure remain constant? If we must admit that we don't have 
many clues, there are some. Planetology teaches us among other things, that our two close telluric neighbors have very 
different atmospheres than ours, Venus ground pressure is an astounding 93 bar while Mars has lost its atmosphere 
nearly entirely and only remains a ground pressure of 0.06 bar. So not only are there striking differences but also it  
looks like, for good reasons, one as remained sort of “primitive” with Venus, whereas for Mars the atmosphere has  
evolved and vanished into space and so did the water as they were ancient oceans. So, there is no reason that our  
atmosphere, made of 21% of O2, a gas of mainly biotic secondary origin (Canfield, 2014) would have remained the same 
over geological times. Furthermore, strange animals were flying over the Cretaceous lands and their size and flight  
dynamics sort of put them out of anything having a reasonable chance to fly, at least with 1 bar of ground atmospheric  
pressure.

A study by Levenspiel (2006) that met the fiercest resistance to be published addresses in a very interesting way the  
question of  how some massive  dinosaurs,  more precisely  pterosaurs  like  the  Quetzalcoatlus254 with  13-15  meters 
wingspan could  fly  during  the  late  Cretaceous,  i.e.  the  Maastrichtian,  68–66 Ma.  A  specimen is  displayed  at  the  
Washington DC museum of Natural History and another is presented in qudrupedal stance at the Houston Museum of  
Natural Science. Recent estimates based on greater knowledge of azhdarchid proportions place its wingspan for the 
northropi at 10–11 m (33–36 ft) and at only at 5m for the lawsoni. Remains found in Texas in 1971 indicate that this  
pterosaur had a minimum wingspan of about 11 m (36 ft). Pteranodon255 dating of Santonian, 86–84.5 Ma, are slightly 
smaller with longiceps having a wingspan of 6.5 m, but as many as 1,200 specimen have been recovered. These animal  
have survived for million of years and were thus very well adapted to their environment and cannot have been oddities 
of the Darwinian selection process, they flew well and thrived in their environment until the K-T extinction.

Body mass estimates for giant azhdarchids are extremely problematic because no existing species share a similar size or 
body plan, thus published results vary widely (Witton, 2008; Witton and Naish, 2008) and some go as high as 544 kg 
(Henderson, 2010), but a majority of estimates published since the 2000s suggests for Quetzalcoatlus a weight around 
200–250 kg (Witton and Habib, 2010). Some authors legitimately doubt of the flying capabilities of such large animals as 
explained  by  (Sato  et  al.,  2009;  Sato,  K.,  2008),  but  these  considerations  are  valid  as  long  as  the  atmosphere  is  
considered as having been the same as now. But asserted on the basis of morphological properties of these animals , it 
is certain that these were indeed flying as reported by Witton and Habib (2010) “������
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����������M�”. Let's cut the story short here, for these animals to fly 
the most reasonable option is that the atmospheric pressure was simply a lot higher during the end of the Cretaceous  
period than now, thus is the conclusion of (Levenspiel, 2006; Levenspiel et al., 2000) that I wholeheartedly share. Given 
that the power available  M� 0.734 where M is the creature’s body mass, then minimum power needed for the level flight 
of any creature is given by:

4"6�� ���
�
 � � < �� ���

E�� �������� � (179)

where A is the wing area of the creature and ρ is the air density. If L represents the size of the flying creature then we 
have M  L3 and the wing area A  L2, thus replacing in Equation � � 179, the power needed to fly is:
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254https://en.wikipedia.org/wiki/Quetzalcoatlus   
255https://en.wikipedia.org/wiki/Pteranodon   
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Drawing a simple abacus with the log in abscissa of the mass and the log of the power in ordinate as per Levenspiel  
(2006), several lines can be drawn for Equation  180, for various atmospheric pressures, e.g. 1, 3 or 5 bars. It leads 
Levenspiel  (2006)  to  estimate  that  the  atmospheric  pressure  late  Cretaceous  must  have  been  >  3.2bars  for  the  
Quetsalcoatlus or Pteranodon to be able to fly.
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I would not concur with such high ground pressure, because this would have created ground temperature far above 
what  was  observed given  Figure  30 p.  77,  of  kind  of  >80°C.  But,  this  kind  of  atmospheric  pressure  may well  be 
requested to account for the temperature of the primitive oceans with a fainter Sun than now, perhaps as faint as just  
70% of what energy it provides us now. That will be an interesting discussion to come later.

In the end, we should admit that, e.g. just 67 Ma during the PETM, we do not know either the orbital parameters as will  
be explained in section “Orbital Stability or Chaos?” p. 207, and we can reasonably conjecture from the giant Pterosaurs 
flying around at that time that the atmospheric pressure was certainly different, with a different lapse rate and thus an  
increased  corresponding  ground  temperature.  Adding  that  the  continents  were  distributed  otherwise,  leading  to 
completely different atmospheric and oceanic circulations, one can imagine how far away from our known world the 
Cretaceous Earth might have been and that no CO2 increase of decrease can explain the climate changes observed by 
then, contrary to what Broecker(2018) and many others think.

The 66 Myr that have been quickly addressed in the previous section, corresponding to the Cenozoic and the very end 
of the Mesozoic with the late Cretaceous period up to 86 Ma when the massive pterosaurs used to fly, represent an  
amazing length of time for any human being, but still is just les than 2% 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. 
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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  
asteroid 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 not favored by now. Its title is curious as it shows more  
how any research has to try to conform to the fashionable thesis of the CAGW 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 “@��������
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” (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 
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 60 
and  69, these interstadials “��������������������
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!9����� ”. 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 eruptions256, 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 lava by vast volcanic provinces, or both, the  

256https://en.wikipedia.org/wiki/Cretaceous-Paleogene_extinction_event   
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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 Objects257 (NEO) by the thousands, some approaching undesirably (e.g. 99942 Apophis, Near-Earth 
asteroid with a diameter of 370 meters, see Figure 75) “+��
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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 CAGW 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 “��������������
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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 extinctions259 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  

257https://cneos.jpl.nasa.gov/    https://en.wikipedia.org/wiki/List_of_Earth-crossing_minor_planets 
258https://en.wikipedia.org/wiki/99942_Apophis   
259https://en.wikipedia.org/wiki/Extinction_event    is a very well documented paper
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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.
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Though the idea proposed by Raup and Sepkoski (1982) that “=�����������5���������
����((����
��������������� �
������$�����������” 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 0.01% of the concentration of a  
trace gas. 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:  “��� ����?
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��������”. (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 “������” by 1000 ppmv, or 5000 pppv or even ten times more, they were just the result 
of a completely different world, see Figure 76. 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 77 below.
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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.
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We have knowledge of the existence of several distant glaciations:

� in the very distant @������� -2470 to -2210 Myr;
� then at the end of the Precambrian during the $���������, 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  78, 
according to Stern and Miller (2019). Hoffman et al. (2017) state that geochemical data evidence that CO2 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 -�����?"������ 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  %�
��;����M��� 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 (1941)  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 plus 
the global weathering patterns (Macdonald et al., 2019) and lead to glaciations. This is the hypothesis of Raymo and 
Ruddiman (1992), «-����(��
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The irregular growth over time of the cratons and of their assembling is also well addressed by Des Marais (1992)  
focusing on Proterozoic orogenies.  “$�����������
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” Des Marais (1992). Declining atmospheric CO2 concentrations over the past 
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 
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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 “
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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 “=���������
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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 "������
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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. CO2 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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1.5.1.7. The Hot early Paleozoic and PreCambrian Earth

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 move back  
far into a distant past. In fact, limited progress has been made since the early work of Sagan and Mullen (1972), but  
there are several reasons to think that the Patm may have been substantially higher in the distant past; one has been 
presented  in  the  previous  section  as  it  might  have  been  difficult  for  the  late  Cretaceous  pterosaurs  like  the  
Quetzalcoatlus to fly in our 1 bar atmosphere as presented Figure 74. As it has been conjectured in this work, paleo-
barometry must explain paleo-temperatures as radiative properties of the Earth's atmosphere and the effect of GHG  
cannot explain alone the very high temperature of the early Proterozoic and PreCambrian time.

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 (5,714/5,800)^4 = 94.1% of the present value 2.5 billion years (Gyr) ago, but the solar luminosity L Ꙩ 2.5 Gyr 
ago is evaluated for the standard solar model given by Bahcall et al. (2001) at 0.85 L Ꙩ. 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). Such an initially low solar radiation, whatever the values of greenhouse 
gases with a 1 bar atmosphere, would not have been sufficient to allow for liquid oceans on the surface of the Earth.  
However, evidence of liquid water at the surface has been demonstrated as far back as 4,4 Gyr ago.

This contradiction is referred to in the literature as “
�������
�������"���(�����5”. Proponents of the  CAGW theory 
tend  to  consider  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, i.e. (5,274/5,800)^4 = 68.4% of the present LꙨ value, that would thus justify the alleged role 
of GHGs and of CO2 in particular, which is purportedly presented as decisive. This is most probably a mistake as simple 
radiative transfer calculations show that any amount of CO2, even up to 100% with a 1 bar atmosphere, cannot provide 
for the warming required to nudge temperature up to where they were.

It has been alleged that Archaean air pressure would have been 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 « �� �
-��������������(� ���������
������������5����������������M�� ���� ������
� ����
 ����������� ���� � 
����	
�ç��ç� ?�� �
���(�����
��
����R��!
	ç��ç�?�». 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 «������
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 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-barometry and that it  
is very unfortunate as one must recognize the major impact ;�
� has on the surface temperature (see Figure 30, p. 77), 
thanks to the gravitational lapse rate explained in section “Temperature = Solar Flux + Gravitational Lapse Rate”, p. 71.

Thus three topics should be addressed here: 1) is there a relationship between CO 2 and T over geological eons? 2) what 
was the temperature in this distant past? 3) what can be the explanation?

The first question was already briefly dealt with in the introduction section “Past Climates”, p 136 with Figure 51. No 
correlation appeared between CO2 concentration and T over the entire Phanerozoic. An empirical analytical study by 
Davis (2017) takes advantage of the recent availability of comprehensive databases containing proxies of Phanerozoic 
temperature  and  atmospheric  CO2 concentration.  The  temperature-proxy  databases  include  thousands  of 
measurements by hundreds of investigators covering [522-0] Myr (Veizer et al., 1999; Prokoph et al., 2008; Veizer and  
Prokoph, 2015), while proxies for atmospheric CO2 from the Phanerozoic Eon encompass 831 measurements reported 
independently by hundreds of investigators for [425-0] Myr (Royer, 2014). Given these exceptional databases, Davis  
(2017)  states  “"��� � �� � ��(�������
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 � NSO  I  report  here  that  proxies  for  temperature  and  
atmospheric CO2 concentration are generally uncorrelated across the Phanerozoic climate, showing that atmospheric  
CO2 did not drive the ancient climate”.
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How much warmer was theEarth and were the oceans during early Paleozoic and Precambrian? This has long been 
studied by Veizer and a compelling study by Veizer and Prokoph (2015) shows that it was a lot.
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It is reminded to us by Veizer and Prokoph (2015) that as soon as oxygen isotopes in marine shells were considered to 
reflect temperatures of ancient oceans (Urey et al., 1951) a rapid application to Tertiary and Quaternary studies was  
made by Emiliani (1954) who focused on “���(���
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demonstrate that the same technique can be applied to distant times and that “deep time” geologic history is revealed 
by the same geochemical isotopic methods. This type of proxy is the only one that gives information of distant climates 
and the temperature of ancient oceans is the key to understanding the climate history of our planet. The conclusion  
drawn by Veizer and Prokoph (2015) is visible their Fig. 1, reproduced here as Figure  79, and reads “>����
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There is no doubt that the early Paleozoic was  hotter than now and given the cap observed over current oceans at 30-
32°C represented by a thermostatic regulation, i.e. cloud formation, it means that during the early Paleozoic for the 
oceans to be so much warmer than now, there must have been a big change that did not enable this  thermostatic 
regulation to be effective as now and this is a change of ground (sea-level) atmospheric pressure. How much hotter is  
still debated as the effect of plate tectonics on the Standard Mean Ocean Water (SMOW) is discussed by Vérard and  
Vezier (2019) “;��
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���-������”. One should keep in 
mind  that  going  back  that  far  leaves  little  continental  surfaces  that  are  progressively  extended  by  calc-alkaline  
magmatic series that accompany subduction zones and by collisional tectonics. Therefore the plate tectonic regime of 
the  early  Paleozoic  or  of  the  Archean  is  highly  conjectural.  Considering  the  current  literature,  temperature  
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reconstructions based on oxygen and silicon isotopes from rock samples have predicted much hotter Precambrian sea 
temperatures (Knauth, 2005;  Robert and Chaussidon, 2006). These predictions suggest ocean temperatures of 55–85°C 
during the period of 2,0 to 3,5 Ma, followed by cooling to more mild temperatures of between 10-40 °C by 1,0 Ma. 
Reconstructed proteins from Precambrian organisms have also provided evidence that the ancient world was much  
warmer than today (Gaucher et al., 2008; Risso et al., 2013).
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In any case a warmer world has always been a better world as the dramatic cooling in the Late Ordovician led to the 
Hirnantian glaciation and the end-Ordovician extinction (Trotter et al., 2008; Harper et al., 2014). Barney and Grossman 
(2022) refer to it as “�������
�����������” because high atmospheric CO2 levels (e.g., Pancost et al., 2013) did not 
prevent to delve into an ice-age. It was explained before why this is not the proper explanation and why there is no  
conundrum. Whatever the reasons for this unwelcome cooling that started with the warm seas of the Early Ordovician 
(ca. 485 Ma), the climate shifted to an ice-house climate, ending with the Hirnantian glaciation (ca. 443 Ma; Trotter et  
al.,  2008; Finnegan et al.,  2011). The end Ordovician extinction was the first of the five big Phanerozoic extinction  
events,  and the first  that  involved metazoan-based communities.  It  comprised two discrete pulses,  both linked in  
different ways to an intense but short-lived glaciation at the South Pole. Haper et al. (2014) summarize the catastrophe 
as “>����� �����
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Generally speaking, despite some strong cooling episodes as the Hernantian glaciation above, the temperature that  
started  from  a  warm  Precambrian  and  Cambrian  has  trended  lower  since  the  early  Paleozoic  time  to  the  late  
Quaternary ice age (see Figure 80) as summarized by Grossman and Joachimski (2022) “-����������?���
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���” as the comprehensive study by Davis (2017) using the best 
databases available simply shows that there are none, but a slow decrease of the P atm over geological eons that slowly 
but steadily reduces the lapse rate effect. Over such long timescale many other parameters may combine their effect,  
including some modifications of the orbital parameters, as it will be exposed in section “ Orbital Stability or Chaos?”, 
p.207  that there is no certainty that they remained the same, rather the contrary. In fact, over just one million year,  
Figure 87, represents a plot of the Earth's orbital eccentricity and direction of perihelion beginning in 1900 and shows  
how chaotic the evolution of these two parameters can be. It does not bode well for perfect stability over tens or  
hundreds of millions of years!
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1.5.2.1. Herschel was Right

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 «>�����
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���» (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 activity and climate. This was based on an apparent correlation that he had found between sunspot 
numbers and the price of wheat, and Herschel (1801) reported «���������
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» 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 “�
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This is well summed up by Pustilnik and Yom Din (2004) «���������
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solar  cycles between 1600 and 1700,  high wheat prices coincided with low activity,  and vice versa and that  «
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Herschel (1801) made his wise observation when the Sun had shifted to the Dalton Minimum (DM) and he was still  
cognizant of the harsh time people had gone through during the Maunder Minimum (Eddy, 1976), see Figure 81. It is 
funny to see Owens et al. (2017) in a contorted paper try to convince their readers that the energy received on Earth 
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could come from another source than from the Sun and that nothing proves that the MM was the trigger of the LIA (LIA  
understood here at  large),  ensuing a tricky discussion on when to start  and to end the LIA and conjecturing that 
volcanism may have played a great role in the misery of the times. Unfortunately for Owens et al. (2017), if at least two 
major volcanic events, i.e. 1808 A.D. (1809) an unknown volcano erupting late November or early December 1808 (4  
December 1808 ± 7 days) and of course the 1815 A.D. Tambora, can be related to the Dalton Minimum, we'll let Owens  
et al., and the reader revisit the list of major known volcanic explosions provided in section “ Volcanoes, Tectonics and
Climate”, p. 293, to check that no exceptional eruption can be invoked to explain the temperature low that happened 
during the MM. Furthermore, as reported by Lean and Rind (1998) “������������������������
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���������J�����”. To address one more frequent deception, we will also let the reader check 
with Soon et al. (2003abc), among many other references, that the LIA was not a regional phenomenon.
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Between 1600 and 1814, it was not uncommon for the River Thames to freeze over for up to two months, and although  
these harsh winters often brought with them famine and death, reminding us “Why a Warmer World is a Better Place
to Live”, p. 517, people tried to make the best of it and set up the “�������&���
�&����”. In fact, between 1607 and 1814 
there were a total of seven major fairs, as well as countless smaller ones and the first recorded frost fair was during the 
winter of 1607 / 08, while to keep the shopkeepers warm, there were even fires within their tents! During the Great  
Winter of 1683 / 84, where even the seas of southern Britain were frozen solid for up to two miles from shore, the most 
famous frost fair was held: The Blanket Fair. Another sad episode of the period was the Great Frost260, as it was known 
in England, or Le Grand Hiver ("The Great Winter"), an extraordinarily cold winter in Europe in 1708–1709  (Derham, 
1709)  that  was  the  coldest  European winter  during  the  past  500 years  (Luterbacher  et  al.,  2004)  and led  to  the 
subsequent famine estimated to have caused 600,000 deaths by the end of 1710 in France alone (Lachiver, 1991; Croix, 
1992; Monahan, 1993, Gráda and Chevet, 2002). Nature, to remind us of its whimsical character and as if the cold was  
not enough, followed the hardship with 700,000 deaths in France during the heat waves of 1718-1719 (de Baecque,  
2003; Létard et al., 2004).

It was not only the fact that the Sun remained devoid of sunspots for years during the MM, but coronal observations 
made by skilled observers during eclipses that occurred during the MM, including a painting by Maria Clara Eimmart  
and observations by François de Plantade261 on May 16, 1706, from the Babote Tower in Montpellier (Hayakawa et al.,  
2021),  enabled to infer a weak and structureless corona and now agree with recent simulations modeling for low 
coronal magnetic flux during the MM (Riley et al., 2015) with a structureless F-corona 262 (i.e. solar photospheric light 
scattered by dust, it extends to very high elongation angles from the Sun where it is called the zodiacal light), and no  
detected K-corona (i.e. solar photospheric light scattered by electrons).

260https://en.wikipedia.org/wiki/Great_Frost_of_1709   
261https://fr.wikipedia.org/wiki/Fran%C3%A7ois_de_Plantade   
262F for  Fraunhofer  as per  https://en.wikipedia.org/wiki/Stellar_corona and K for kontinuierlich ("continuous" in German),  created by sunlight 

Thomson  scattering  off  free  electrons;  doppler  broadening  of  the  reflected  photospheric  absorption  lines  spreads  them  so  greatly  as  to  
completely obscure them, giving the spectral appearance of a continuum with no absorption lines.
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The last time the Thames froze was in January 1963 (Hopkins,  2015),  unimpressed that man made emissions had  
already reached since 1900 382 Gt CO2, but it was the coldest January since 1814 (the last time the Thames had frozen  
before). Figure 83, provides a reconstruction of the solar irradiance since 1610 by Lean et al. (1995) and Lean (2000)  
and shows how close it matches the simple graph provided by Figure 81, based on sunspot numbers counts.

Zharkova (2020) reminds us that “�������
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”, thus small solar irradiance changes can lead to very significant climate changes, 
and create miserable conditions. One should not forget that changes in solar activity do not only modify the solar 
irradiance by what can appear small numbers, but also alter the strength of the solar wind, i.e. the stream of charged  
particles that flows from the Sun throughout the solar system (Parker, 1958263). 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).
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In fact this line of reasoning has been explored probably first by Denton and Karlén (1973) using C14 variations measured 
from tree rings “"���
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 As Carslaw et al. (2020) sum it up “>
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263When 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.

264CRF, i.e. Cosmic Ray Flux

 195

https://www.climate4you.com/


����������������������
�����
��������(��������
��
��
�������������V��������
���������������(��5(�������������������� �
������������������������
(�
�����(���������������������������������
�R�������
�H.

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 CRF received, or through other amplification mechanisms (Shaviv, 2008; Rabeh et al., 2011);

� indirectly  through cyclical  orbital  variations (Vinós,  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), obliquity265 (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.

� Or even through orbital chaos over timescales of more than 10 million years for the terrestrial planets, that 
lead to changes of the orbital parameters than are of a far greater importance than the radiative impact of a  
trace gas, see e.g. Kholshevnikov and Kuznetsov (2007). One must know that over ranges of 10 7 to 108 years, 
that exceed the Lyapunov time266 of 5 106 for the inner planets (Laskar, 1989) and even that of the outer 
planets which is of 15–20 million years (Wisdom and Holman,1991; Holman, 1994; Gaspard, 2005), the chaotic  
nature of the evolution of the most important orbital parameters prevents us from supposing that the Earth  
was on a strictly similar orbit as of now. One must add possible changes of the ground atmospheric pressure 
(i.e.  paleo-barometry)  as  well  as  significant  changes  of  the  Earth's  atmospheric  composition,  not  infime  
variations of a trace gas (e.g. the 21% of O2 entirely results from the biosphere photosynthetic production over 
the last  hundred million years) plus changes to the size and continents'  distribution (altering oceanic and  
atmospheric circulation) prove far  more relevant to understanding distant paleo-climatology than rantings 
dealing with CO2 excursions.

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 summer267. 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 there 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  (1941)  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  

265Earth 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)

266In  mathematics,  the  Lyapunov time is  the  characteristic  timescale  on which  a  dynamical  system is  chaotic.  It  is  named after  the Russian  
mathematician Aleksandr Lyapunov. It is defined as the inverse of a system's largest Lyapunov exponent. If Lyapunov's exponent is positive, then 
the behavior of the dynamical system is chaotic. If, Lyapunov's exponent is negative, then the behavior of the dynamical system is non-chaotic.

267According to IPCC AR5 the heat added to the atmosphere by the increased CO2 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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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. “7����
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The incident solar flux on the globe, of power (on an annual average) 173 PetaWatt (173 10 15 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 47, p. 126. 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 (Earth at perihelion about two weeks after the December solstice) and 331 W/m² in June  
(Earth at aphelion about two weeks after the June solstice).

1.5.2.2. Solar Cycles and Activity

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-Hallstatt268 (2,310 yr ±300)  displayed on top of Figure 59, 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; Vinós, 2017g; May and Vinós, 2017), see Figure 88 ;

� Eddy (976 yr  ±53) (Eddy, 1976;  Vinós, 2017g, Lüdecke and Weiss, 2017), the list of Solar Grand Minimum 
(SGMin) 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 (E7-6,170 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). This period corresponds well to the 5:2 quasi orbital resonance 
of  Jupiter  and Saturn  (Michtchenko and Ferraz-Mello,  2001),  which  is  known as  the interaction with  the 
exchange of the greatest amount of energy and angular momemtum, i.e. the “Great Inequality”, in which 
Jovian eccentricity varies from 2.5% to 6% and Saturn's from 0.8% to 9% (Torbett, 1989). The current period of 
circulation of  the angle (2λJ –  5λS),  i.e.  the term associated with the combination of  Jupiter  and Saturn's 
longitudes is 880 years (Moons et al., 1998) and is known since Laplace (1785);

268Named 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
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� 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 Vries269 (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; Vinós, 2017g). In fact, as 
reported by Ma and Vaquero (2020) “
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��������(�����” (Jose, 1965; Charvátová and Hejda, 2014);

� Gleissberg (88 yr ±13), e.g. (Gleissberg, 1944; Sleeper, 1972; Damon and Sonett, 1991; McCracken et al., 2001; 
Peristykh and Damon, 2003; Feynman and Ruzmaikin, 2011, 2014), reported by Stuiver and Braziunas (1993) as 
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������������ �!3+����(�����” dismissed by Vinós (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 (Vinós, 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 system270 (Mazzarella and Scafetta, 2011; Gervais, 2016a);

� 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) “�����
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cycle also has a very strong influence on the North Atlantic Oscillation (NAO) and North Atlantic as shown by 
Roy (2020) since 1977. Another example of direct impact of this cycle on observed climate is given by van Loon  
and Meehl (2012) who study sea-level pressure anomalies at 14 sunspot peaks of the Schwabe cycle, I.e.  
(1859, 1869, 1882, 1893, 1906, 1917, 1927, 1936, 1946, 1956, 1967, 1978, 1988, 1999) in the Indian region in 
summer and show that the mean sea level pressure anomalies consist of high pressure over land surrounded 
by low pressure anomalies over the sea and conclude that “���������(����������������������������������
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��������>����������������������”. The impact on the troposphere and global stratosphere is also proven 
by (Labitzke and van Loon, 1997; van Loon and Labitzke, 1999; van Loon and Shea, 1999; Labitzke, 2001).  
Finally,  the impact of the decadal solar oscillation in the stratosphere as well  as the troposphere and the 
oceans is reported in  van Loon et al. (2007).

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.

269Named after Hans Eduard Suess who studied the distribution of carbon-14 and tritium in the oceans and atmosphere. Based on radiocarbon  
analyses of annual growth-rings of trees he contributed to: a) the calibration of the radiocarbon dating scale. He is known for the “Suess effect “ 
(Keeling, 1979) i.e. the magnitude of the dilution of atmospheric radiocarbon by carbon dioxide from fossil fuels burned since the industrial  
revolution.  https://en.wikipedia.org/wiki/Hans_Suess and  Hessel  De  Vries  (1916-1959)  a  pioneer  of  14C  dating  and  its  application  to 
denderochronology at the University of Groningen https://en.wikipedia.org/wiki/Hessel_de_Vries

270A 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 

 198

https://en.wikipedia.org/wiki/Tidal_locking
https://en.wikipedia.org/wiki/Hessel_de_Vries
https://en.wikipedia.org/wiki/Hans_Suess


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 “2�������������!9?!	?����������������N��+O����
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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 “2������������������������������ �
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�"$���5����”. 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.
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Because chronological uncertainties of paleo-climate 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 84), e.g. the Bray-Hallstatt 2475 yr cycle is very well  
visible on top of Figure  59 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.

271In signal processing, a periodogram is an estimate of the spectral density of a signal. The term was coined by Arthur Schuster in 1898
272Rampino 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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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) “ 
���
�
������������������������������ �
����������������
������������������������������������������������
������������9
.�2Z�	�������!899�
��(�����
�N2�����
 �
������	99)O��������
����������������������������������������
���(�
��.�2Z� 	� �������
��������(������N���������
������ �
	9!3�OL�	O�
����������������������������
��
�
������������������������������
����������������������������
��
������ �
�����
���������
��
������������
���N[�������	998L�"����������
�������	9!8O
�������������������,����
�������������������
�� �
��������
��
�������(��
���������������
���'$#�”. 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.
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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 scale273,  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 
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��������”. 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 “��������
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N!:)9V	99:O”, i.e. 1.88 times more for the modern maximum than for the MWP from the maunder minimum used as a 

273TSI 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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reference. This is very well visible on the sunspot reconstruction from Usoskin et al. (2018) reproduced in previous 
Figure 85.

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 
among the highest of the past 10,000 years, e.g. “
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(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) “>�����
� �
����������������
���� �
������������(�������� ������
���(����
��� �
�������������
����
��
������������������
���J�5����
���������������������
���
���������
����
������
����
��
��������
 �
������������������
������������������”. 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 “�����������
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(1990) reported after a large scale survey of the variability of stars comparable to the Sun “<������	99��������������� �
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�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/m2, i.e. 
the mean value of the so-called Solar Constant (SC). Hoyt and  Schatten (1997) remind that “&�����������������������
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��������” and is known as the faint Sun paradox274.

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 “����
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�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.

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 
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274https://en.wikipedia.org/wiki/Faint_young_Sun_paradox   
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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.

1.5.2.3. Solar Stability, Planetary Tidal Forcing

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 mH is the mass of hydrogen and μ is the average mass of particles in units of mH and 
ρ the mass per unit volume. 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.

If we define Lr as the energy that passes through a spherical shell of radius r and let ϵ represent the energy generated 
per mass per unit time, then another trivial conservation law can be written:
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The energy can then be transported by two distinct mechanisms that will be called to remain simple radiative and  
convective. The first is via the emission and absorption of photons according to Kirchoff's law for a black body radiation 
where the emitted flux is proportional to the Stefan-Boltzmann constant, σ, T4 and given the mean opacity κ, where the 
factor 1/(κ ρ) represent the mean distance a photon travels before absorption and re-emission, we get: 
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Then, if the gradient of temperature becomes larger than the gradient that would exist given an adiabatic displacement  
of  a  fluid  element,  then the fluid  will  move and will  transport  heat  in  proportion to  the difference between the 
temperature gradient and the the adiabatic gradient, giving the following relation:
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Given some boundary conditions, whereby the star's surface corresponds to the temperature that delivers the correct  
luminosity for the black body radiation:
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Furthermore, if we consider that above the optical depth=1, starting from the core, the opacity of the outer layers of  
the atmosphere will be independent of the depth then we have:
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Given equations 181, 182, 186, 187, 188 and boundary condition 189, 190 to which we add the obvious Mr = 0, Lr =0 at 
r=0, we have a set of four ordinary differential equations in the independent variable r with M r, Lr, T and ρ being the 
dependent variables. Stellar models also enable convective cells to lose energy via radiation to their surrounding cells.  
This set of equation can be closed by specifying the physics of the equation of state, opacity and energy generation,  
expressing P, 
, κ, and ϵ as functions of temperature and density. Finally the equation of state can simply be taken to  
be a perfect, fully ionized gas as for equation 184, or:
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With K the Boltzmann's constant, H the mass of the proton and μ the mean mass of gas particle in units of the proton  
mass,  with  γ=5/3  corresponding  to  full  ionization.  To  complete  this  quick  presentation,  the  reader  will  refer,  for  
example, to (Gilliland, 1989) for a calculation of the radiative opacities and a specification of the rate at which nuclear  
reactions convert mass to energy. 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.
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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 inconceivable 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. The action of planetary tidal forces on the Sun is still often 
discarded in view of the tiny acceleration that it creates, in the order of 10 −10 ms−2 (de Jager and Versteegh, 2005; 
Callebaut et al. 2012), leading to what could be considered as a negligible tidal height, in the order of 1 mm:
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(m is the planet’s mass and d its distance to the Sun). However, one should note as explained by Stefani et al. (2021)  
that this tidal height translates (by virtue of the virial theorem275) into a non-negligible tidal flow velocity of:
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when taking into account the huge gravity at the tachocline of gtacho ≈ 500 m s−2 (Öpik, 1972). In fact, Öpik (1972) has 
shown that the mean velocity of tidal currents on the Sun reaches about one third of tidal currents generated by the 
Moon on Earth. But even then, it is hard to conceptualize how tidal forces could influence the solar dynamo without  
employing any sort  of  amplification mechanism,  one should always  remember  that  empirical  science is  based on  
observations and evidences of the planetary tidal solar forcing are owerwhelming.

This possibility of a “planetary beat” is of an extreme importance for our subject has been explored by Abreu et al.  
(2012) and leads to key conclusions “�����5������
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�����������������”. Furthermore, as the orbits of the planets are subject to considerable variations caused by the 
perturbations between the planets (n-body system), orbital resonance phenomena in the Solar system appear on a 
diverse range of timescales and are the source of both stability and chaos while being very sensitive upon parameters  
and initial conditions (Brouwer and Clemence, 1961a; Malhotra, 1998; Morbidelli, 2011; Goldberg et al., 2022).

Most, if not all, paleo-climate studies make the implicit assumption that the Earth's orbital parameters have remained  
the same over geological  times.  This  assumption that was firmly rooted into the work of the celestial  mechanics'  
pioneers and derived from the apparent immuability of  Kepler's  law have been entirely challenged these last  two 
decades. This was made possible of course by the emergence of fast computers but also of new numerical techniques. 
It was understood that systems described by ordinary differential equations could surprisingly lead to chaotic behaviors 
and the instability of the orbits of small bodies over several million years was established. Chaos, as reminded to us by  
Malhotra et al. (2001), does not mean disorder “$���������
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gravitational  resonances. The simplest case of a gravitational  resonance occurs when the orbital   periods  of  two 
planets  are  in  the  ratio  of  two  small integers, e.g., 1:2, 3:5, and more attention will be paid to the most important  
one, the 5:2 quasi orbital resonance of Jupiter and Saturn and its stability (Franklin and Soper, 2003).  Considering the 
precessional periods of planetary orbits in addition to their orbital periods provides other sorts of resonances. Malhotra 
et al. (2001) state “"
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Astronomical climate forcing is truly fascinating perspective. Arguing about whether some more or less ppm of a trace  
would have radically changed the paleozoic climate while not being even sure of the stability of the orbits over such  
long time scales appears more as science fiction than complying with the scientific method. One more notion needs to 

275https://en.wikipedia.org/wiki/Virial_theorem  
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be defined, i.e. the exponential divergence of nearby orbits  results of some extreme sensitivity to initial conditions, and  
the rate of such divergence is characterized by the e-folding time scale called “%��(��������” while the “����(�����” 
is the time required for a major change of the orbit to happen.

To cut a long story short, Malhotra et al. (2001) state “���������������
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on the three-body problem or on the stability of the solar system is given by (Mardling, 2008; Laskar, 2010; Chenciner,  
2012). This simply means that the most important driver of the observed paleo-climate changes may simply be the  
evolution over geological times of the orbital parameters of the planets themselves. Laskar and Gastineau (2009) have 
even studied the possibility of collisions of the inner planets with the Earth over the remaining life expectancy of the  
solar system, i.e. 5 Gyr, some scenarii leading to a total destabilisation of the inner solar system!
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This probably explains the results of Stefani et al. (2021) where model simulations are presented “������������������� �
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���������”.  To illustrate this  apparent 
contradiction of the coexistence of regular and chaotic responses to slight changing conditions (be they initial or else), 
two representations from Brouwer and Clemence (1961b)  will  be used:  Figure  86 represents the evolution of  the 
eccentricity and angular position of the perihelion for Jupiter's orbit for the last 650,000 years, it is a polar plot with the  
radial coordinate equal to the eccentricity and the angular coordinate equal to the longitude of the perihelion. From  
this obviously very regular motion displayed in the polar plot one can conclude that Jupiter's orbit undergoes coupled, 
regular and quasi-cyclical variations of its shape and orientation. From thereof, and provided that other Jupiter orbitals 
parameter would vary also regularly (this to be checked), one would expect a well timed cyclical tidal effect on the Sun 
generating a regular cimate forcing on the Sun.

At the same time, Figure  87, represents a plot of the Earth's orbital eccentricity and direction of perihelion for one 
million years beginning in 1900, and shows a rather erratic pattern with the eccentricity that vary from zero to nearly  
up to 6%, forming the longitude of perihelion a chaotic polar representation.

Such an orbital  behavior as the one represented Figure  87, does not bode very well  to support the realization of 
astronomical  climate  forcing  forecast  based  on  orbital  characteristics  and  resonances,  especially  as  this  apparent 
chaotic behavior just deals with only one of the many parameters that should be taken into consideration. If this is  
designed to serve as an illustration of Stefani et al. 's (2021) conclusions about the ambivalent chaotic nature of such  
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systems, it does not minimize the importance of planetary tidal actions on the Sun and thus of its role on the Sun's  
activity and as a consequence on the climate on Earth on shorter timescales. It just shows that the matter is far more  
complex than the limited radiative effect of a trace gaz and that past terrestrial climates (as well as future) may result of  
a combination of cyclical and chaotic impulses that produce a convoluted and highly complex response function. As the 
stability of the orbits of the various bodies of the solar system over geological times are still debated, one will easily  
understand that using CO2 as a convenient control knob of past climates does not make much more sense than to  
attribute it the role of a climate driver.
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Back to the Sun, the tachocline, invented by Spiegel and Zahn276 (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 G277) are stored prior to the eruption of the 
sunspots278.

How a tiny modification (1 part in 104 or 105) of the entropy stratification is produced by the tidal forces remains 
unknown and probably requires amplification mechanisms (Stefani et al., 2021). But Abreu et al. (2012) state “�������

��������� ������������,��
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”. But the conclusion of Abreu et al. (2012) is of great relevance “@��� �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
�-���� ��
��
�(����
����(������ �
��������(��(����������(��������������������(����
����
��A������������������?�(��������������
��������� ”. Now it must 

276https://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).

277https://en.wikipedia.org/wiki/Gauss_(unit  ) 
278Sunspots 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).
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be stated that the solar modulation potential φ279, which can be derived from either the 10Be (polar ice-cores) or the 14C 
(tree-rings)  production rates280,  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 85, p. 200;

2. the comparison between solar activity and planetary torque in the frequency domain shows well known peaks  
such as the 88 yr Gleissberg (1944) and the 208 yr de Vries cycles (Lüdecke et al., 2015; Ma and Vaquero, 
2020),  but  also  periodicities  around 104yr,  150yr,  and  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 “@�������������
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���������”. The statistical significance of the results obtained is also addressed 
in Appendix A and Abreu et al. (2012) state “2����������
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Along the same line of reasoning, this is what led Mörner et al. (2013) in “;�P����������������������
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1.5.2.4. Orbital Stability or Chaos?

The question of the stability of the Solar System over the long term has been a primary scientific concern for  
more than 300 years. Various authors have made a good job at providing some historical and scientific perspective on  
the matter,  addressing how resolution techniques have evolved over  time and how computers of  ever  increasing  
computing power have enabled to contribute to tackle this fascinating problem. Kholshevnikov and Kuznetsov (2007) or 
Laskar (2010) (in French) provide excellent introductions to the matter. It is not possible to provide a quick and accurate 
summary of the enormous amount of work that has been put into solving this issue, nevertheless two major ideas could 
highlight where modern celestial mechanics stand: a) the smaller the object the more unstable its orbit, b) resonances  
provide both stabilizing and chaotic properties to both small and large systems

Over the timescale that mankind is directly concerned with and even up to 3 million years, the main bodies of Solar  
System, be they terrestrial or giant planets, present perfectly stable orbits. Thus, only small objects present risks of  
exhibiting either unstable or colliding trajectories with us, a real problem that should be addressed, but of a different 
nature than what is discussed here. Beyond 5 million years, and thus having a direct impact of our understanding of 
pale-climates, the situation changes very significantly and the stability of the inner planets, the 4 telluric bodies, i.e.  
Mercury, Venus, the Earth and Mars cannot be taken for granted, rather the contrary.

This means that nobody can discuss distant paleo-climate, e.g.  the climate of the Eocene and the PETM, previous  
glaciations and the “snowball Earth” episode, etc., without considering that orbital changes may have occurred and  

279φ 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.

280One 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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dismissing the fact that nothing proves that the current Earth's orbit was the same some tens or hundreds of million  
years ago. One could argue that this is of little importance to our current understanding of climate, but this could not  
be further from the truth as some geological societies (e.g. London) have thought relevant to assert the evidence of the  
supposedly  abnormal  character  of  the current  modern warming on the basis  of  what  they claim to be evidences 
contained in the geological records (Lear et al., 2021). While quick rebuttals have been made (Middleton and May,  
2021) and the blatant conflict of interest of the authors exposed (Higgs, 2021) and further geological arguments would 
deserve to be proposed to refute the thesis presented in (Lear et al., 2021), it is worth noting that none of the authors  
has the slightest understanding of the limitations that the chaotic nature of the orbital parameters of the inner planets  
entails on their flawed reasoning.

In fact the paper of (Lear et al., 2021) can be summarized as a tragic case of cognitive dissonance whereby everything 
has changed over tens or hundreds of millions of years (e.g. continental masses distribution, atmospheric and oceanic  
circulation, atmospheric composition and pressure, etc.), and the planet may not even be orbiting the Sun on the same 
1 AU trajectory while  the Sun may have been affected by far  greater  variability  than we can even imagine (as a  
response to changing tidal  forces or  other  mechanisms),  but  one single  parameter  is  going to explain everything,  
changes in a trace gas. That's not just incredible but alas delusional. Alas similar statements happen to be issued from  
time to time by these scientific associations that are playing power plays in order to defend their economic interest or  
prevalent position, trying to have as many other bodies supporting them as they possibly can, the case of the American 
Association for the Advancement of Science was addressed by Curry (2016c) who concludes “ >��
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�����������”. One should note that most of the time, the membership is not consulted in these power games.

Returning to the subject of orbits' stability over geological times, Wisdom and Holman (1991) suggested a method of  
symplectic maps for the N-body problem. In fact, the method of symplectic maps is the symplectic integrator of Laskar  
and Robutel  (2001).  Sussman and Wisdom (1992)  used the method of  symplectic maps to investigate the orbital  
evolution of Solar system planets over 100 million years and the Lyapunov time was estimated by calculating the  
separations between the nearby trajectories in the space of orbital elements to be 4 million years for the inner planets  
and 12 million years for the outer planets and Pluto. Wisdom (1992) confirmed Laskar's results in direct integration and 
concludes  “@������ �������� � ���� � ��
�������� ��� � 
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evolution of the solar system is chaotic with a divergence timescale of about 5 million years
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Varadi et al. (2003) are very conscious of the problem that chaos can bring and they state “;���������
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�”. They also estimate that the Lyapunov time for the inner 
planets is of the order of 4 million years “����������(����
���5����
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�*�#��“ and also acknowledge that non only the chaotic properties of the 
motion of the inner planets limits the integration interval to 50 million years into the past, but also that what really  
limits  the accuracy of  the simulations is  not  integration errors  but  chaos and their  conclusion is  strikingly  honest  
“D��(�
���������������(�����������
������
�
������������we still do not know the details of the evolution of planetary  
orbits on the timescale of tens of millions of years“. This should be reminded to the story tellers who ignore this reality 
and pontificate as if we new with certainty the stability of the Earth's orbit and could therefore attribute all changes  
observed in the past to changes of a trace gas, same pitiful scientific attitude as they adopt for the current time.

Far from the apparent certitudes of some scientists with vested interests in the CAGW narrative and of the associations  
benefiting the most of the catastrophic story telling, we should revert to some decent facts:

� On time scales of ~103 years, the Solar system is virtually invariable and its dynamics is entirely predictable and 
follows the Laplace determinism;

� On  time  scales  of  ~  106 years,  the  motion  of  the  Solar  system  is  quasi-periodic.  The  amplitudes  of  the  
oscillations in semi-major axes are of the order of µ, i.e. the Jupiter-to-Sun mass ratio. The amplitudes of the 
oscillations in inclinations and eccentricities are of the order of (µ)1/2.  Kholshevnikov and Kuznetsov (2007) 
state that “
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� On time scales of ~ 107 the inner planets are well past their lyapunov time and strong chaos becomes the 
norm, especially for small bodies, e.g. Migliorini et al. (1998) observe “�������
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� On time scales of 108 - 109 years, the motion is still quasi-periodic for the outer planets, but the orbits of the 
terrestrial planets are chaotic, collisions can occur between them for some scenarii and Mercury can even be  
ejected from the system in several billion years (Laskar and Gastineau, 2009). The phase information is lost  
completely;

� As a side observation, the Solar system is completely filled with massive planets. Inserting an additional planet 
will lead to instability and disruption of the system.

The integration of the secular system for 200 million years by Laskar (1989) revealed that the motion of the Solar  
system major planets is chaotic with the Lyapunov exponent (see note 266, p.196) reaching 1/5 (million years)–1. This 
means that the planets can be traced for no more than 100 million years and the accuracy of the initial conditions must 
be at a level of 10–10 and the model of the perturbing forces must correspond to this  accuracy requiring that the  
perturbations from approximately three dozen asteroids must be taken into account. Extending the integration interval 
to 120 million years becomes daunting and requires an accuracy of 10–12 and taking into account the perturbations from 
several hundred asteroids. We are reaching the limits of what is conceivable. The chaos observed for the inner planets  
is caused by two unknown secular resonances in the orbital motion of the inner planets (Laskar, 1990):

� between the Earth and Mars: θ5 = 2(π4 – π3) – (Ω4 – Ω3),

� between Mercury, Venus, and Jupiter: θ6 = (π1 – π5) – (Ω1 – Ω2).

Here, θ5 and θ6 are the critical arguments, π1, π3, π4, and π5 are the longitudes of the perihelia of Mercury, the Earth, 
Mars, and Jupiter, Ω1, Ω2, Ω3, and Ω4 are the longitudes of the ascending nodes of Mercury, Venus, the Earth, and Mars. 
The argument θ5 passed several times from libration (i.e. θ5 oscillates around a stable equilibrium value, e.g. 0° or 180°, 
this is indicative of a resonance where the orbital elements of the planets are dynamically linked) to circulation (i.e. it 
occurs if θ5 rotates through all angles e.g. 0° to 360° over time, showing a lack of resonance) and back over 200 million 
years; the argument θ6   encapsulates the coupling between the precessional motion of perihelia (π) and nodes (Ω) of 
the planetary orbits and secular arguments, and θ6 oscillates or librates (instead of circulating) under certain resonant 
conditions, but the oscillation amplitude changed. Chaos does not only affect the orbits but also the obliquity of the  
planets, thus having major consequences on paleo-climates conditions as Laskar and Robutel (1993) conclude “<������ �
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��.9W”. Laskar et al., 1993 and Laskar and Robutel (1993) emphasized the sensitivity of the obliquity of a planet  
to the planetary perturbations. Indeed, secular resonances between the precession motion of the rotation axis of a  
planet and the slow secular motion of its orbit due to planetary perturbations can result in large chaotic variations of its  
obliquity.

Néron de Surgy and Laskar (1997) note “>
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��:9��������”. Thus, 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), but does 
not prevent as explained above the possibility of major changes to happen in the future.
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1.5.2.5. Energetic Balance of Climate

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 (Vinós, 2017d-e) and one with May and Vinós (2017). The last occurrence of the Bray cycle, identified as B2 on  
Figure 59 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 ozone layer (including variation at the tropopause and stratosphere), planetary waves e.g. (van Loon  
and Jenne, 1972), 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. Vinós (2017d-e) adds “���<�X�������������A���
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�” and all these effects are 
well represented and summarized on Figure 88.
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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 corresponded to an increase of Δ14C. van Geel et al. 
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�”. 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 of 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 CAGW 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)  “-�������� � 
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��(�����”, though to be honest the same 
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 "
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�����A�����������������", 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) “7����
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��:)/���� �����” 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  “����� � ������������ ���� ��� ��,��
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���(����”. 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  

 211



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 “���������������
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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 : «@��������
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���» (IPCC, 2018a) TAR-12 p. 697. Could they do less ?

&������3:
 ����J�����������������
��������������������
���"��R����
������
�������
�����
��(����
�����(������
��
���������
���� �
����������
�N��O��Y���N=������	999O
�"�������
����,��
�����
����J�����
����
������(�������
����������
����,��
��� �
���������������
�����
����
���(�����N�
�
�D���������
���>����(�����
��
���"������O��=�
��������������������J������� �

�������
�����
������������
��
�"�����T����â��N	9!3�O


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  
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I am grateful for the reviews and support I received and I have deeply appreciated them. 
Let me mention the following:

“I have never seen a more thorough and complete book on the Earth's climate than this  
extensive work. Patrice, congratulations!” — personal communication, September 19, 
2022.  Dr.  Ir.  A.J.  (Guus)  Berkhout734.  Pr.  Berkhout  accepted  in  1976  a  Chair  at  Delft 
University of Technology in the field of geophysical and acoustical imaging. During 1998 – 
2001 he has been a member of the University Board. Pr. Berkhout has developed a large  
number of geophysical concepts and algorithms. He has written several hundred scientific 
papers and a number of books in the field of geophysics and innovation. In 1997, he was 
invited by the OECD to advice on science and technology issues. Professor Guus Berkhout 
is  a member of the Royal  Netherlands Academy of Arts and Sciences (KNAW), of  the 
Netherlands  Academy  of  Engineering  (AcTI),  honorary  member  of  the  Society  of 
Exploration Geophysicists (SEG) as well as honorary member of the European Association 
of Geoscientists and Engineers (EAGE).

“Your book looks terrific. :-) I truly hope it receives wide readership, Patrice. From the  
news, it seems the entire world is reaching 'peak-stupid' as regards climate. Your book  
shows a path back to sanity. Very best, Pat.” — personal communication, September 14, 
2021.  Dr.  Patrick  Frank735 is  a  scientific  affiliate,  Stanford  Synchrotron  Radiation 
Lightsource/SLAC, National Accelerator Laboratory, Stanford University, CA, USA.

“Dick Lindzen brought your work to my attention a few months ago. We both think it is  
excellent. Your book has an immense amount of material, all of it with good literature  
citations. The historical discussions of Arrhenius and other pioneers is very well done. It  
is clear that you haver personally read what these people wrote, and are not repeating  
second-hand sources. I  like the rigor of your discussions of key issues with crisp and  
appropriate equations. For example, even in very good text books on radiative transfer,  
it is unusual to see a discussion like yours on how exponential-integral functions can be  
used to efficiently account for the contribution of slant rays to the vertical flux through  
the atmosphere. I hope you will continue your work in this area. The world needs you. 
Best wishes, Will.” personal communication, March 13, 2021 — Pr. William Happer736, is 
the Cyrus Fogg Brackett Professor of Physics, Emeritus, at Princeton University, NJ, USA, 
and  a  long-term  member  of  the  JASON  advisory  group,  where  he  pioneered  the 
development of adaptive optics. From 1991 to 1993, Will Happer served as director of the 
Department of Energy's Office of Science as part of the George H.W. Bush administration. 
William Happer is a fellow of the American Physical  Society.  Happer was elected as a 
member of the American Academy of Arts and Sciences in 1995 and a member of the 
National Academy of Sciences in 1996

“Dr.  Patrice  Poyet,  the  author  of  “The  Rational  Climate  e-Book”  is  one of  the  rare  
individuals of a species under risk to become extinct, i.e., that of scientists with broad  
knowledge,  neat  thought  and  adherence  to  reason.  He  is  also  a  seeker  of  truth  
irrespective of other interests, which means that he serves real science and philosophy,  
as it was imagined and defined by Plato and Aristotle, who also distinguished it from  
sophistry.  The  book  is  an  excellent  alloy  of  physics,  mathematics,  climatology,  
geosciences,  scientific  reasoning,  and  review  of  concepts,  including  their  historical  
development.  Its  fascinating style  of  writing  makes  its  reading  both  enjoyable  and  
enlightening.”  personal  communication,  September  15,  2022  —  Pr.  Demetris 

734https://www.aj-berkhout.com/bio/   
735https://www.researchgate.net/profile/Patrick-Frank-4   
736https://en.wikipedia.org/wiki/William_Happer    and https://phy.princeton.edu/people/william-happer 
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