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Editorial An Independent ScientdiJournal

Geir Hasneseditor*

Welcome to the first issue &ciene of Climate Change: An International Journal of Science and
Philosophy Our scientific objectives arelaborated in our mission statement on the preceding page.
We think itis important tlat science is not hindered by politidditectives about what can and
cannot be communicated to the pupéibout what can and cannot be themes for scientific research

This is why the t etomhe tiledfthé jousnalfhd diréctivesssom abodwt e d
have nothing to do with scienes suchtherefore such directives can only be treated on a philoso
phical basis. Freedom of expression is not science; it is one of the basic pillars of science, well
grounded in philosophy throught the ages.The scientific method is not science, it is a-pre
condition for doing science. That we ought to use the scientific method when doing science, may
seem glaringly obvious, but is not at all something that goes without sayirig mi#éimyscientific
communites; it is a philosophy of action, and indeed, a prerequisite foundejical principles
andastrong and almoseligious belief about what science is and what it is not.

The world today is dominated by those who see itmgsortant that scienceurrourding climate
changeis kept politically correctand thascientific evidence to the contraig/kept under lock and

key. Consequently, scientific journals all over the world have been directed not to publish articles
that do not suit the political rulers and their elite Climate change has become a key phfase
creating fear in the public; consequently, science showing that we do not have to fear climate
change has no place in the scientific institutismgportedy the State.

Scientists researchirggpects of the climate and the fields it influences, have long complained that
they havegreat difficulties in gettingheir contributiongublished inscientific journals, for what
everjust orunjust reasons. One consequence is that those who beliegastlatastrophic climate
changegoing on,caused by anthropogenic emissons of carbon dioxide, state that those who claim
otherwise have not been published in peer reviewed scientific journals.

fiSo why not create our own scientific jourhal thought Ast summera journal thatan be inde
pendent and will havieo ties toanyone with a political agenda

As a newly elected member of the board of the Norweiifdimarealisten®, | brought out the idea
of an uncensored journal aboardmeeting last summeand was met witlacclamationMany of
the members had been thinking the samoeightfor years

Members of our Scientific @incil nominated their memheahe renowned\ils-Axel Morner, as

Chief Editor with me as assistant editor, and brought it béforein August, and with his usual

zest he went wholeheartedly into it. The d&d of Klimarealistene and its Scientifico@ncil
members convened i n Sept e mbe.rHe eouldinotatteedas e dad 6 Ni
got an appointment with his péician the same day. Little did we know that he had only three
weeks left to live.

The shattering news that our beloved Niklas was dying reached us only one week before he passed
away. We promised ourselves that we would carry on the work inuthveiverng spirit of his. It

has taken its time, but finally, here is the first issue of our journal, which we hope you will not only
enjoy, but also contribute to if you have something to publish fit to the spititoobughgoing
science.

Klimarealistene tChlei mmiat e Real i sts of Nor wayo, fightin
pertainirg to climate and climate chandgveestablishedur own Scientific Cancil consisting of
experienced scientists who are guiding us through the wildernesssafantfic claims, assertions

A https://doi.orgl0.53234/scc20211122
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and allegabns in the mass media. From tl@suncil, an editorial boarchas been set ugho are
helping with the peer reviesof the incoming contributions.

Referring to our mission statement, there must be no doubt about ourthinegards to & quality

of the published contributions. We donot publ
order to keep their occupation. The wodtteadysuffers from too many scientific papers; the
important ones may drown in the emt from the scientific productiorOne may jokingly
exaggerate thabtnting your articles may be counfamoductive to what should count in science.

With this issue wéncludea CallforPaper s. We di dndét want to dr owr
up dl the routines necessary to publish a scientific journal. From now on, contributions will be
reviewed and when accepted, be published on our website. We aim to invite papers on certain topics
which will be published in special issues; as such we havadgideegun working on several such
possibilities.

Contributions that bring new issues to the discussion or may shed a critical light on weaknesses in
previously published papers are prioritizddstified criticism of any models not complying with

the realworld is welcomed. Science progresses through sound criticism.

This issue consists of four pari&he first part regardilimarealisteneand our Scientific Guncil.
The second consists of several invited papers, most of them invited by Niklas Mornef. himsel
third part contains several papers on the memory of Niklas Mérner, anduittle part contains
book reviews.

Contributions to the issue may be of aagdth. Lighter contributions including letters to the Editor

are of course welcomed. We are afftliated to any institutionwhich means that scientific discus

sions here will be unharmed by political dogma. We are running on as light as possible a budget,
but publishing pdfs costs next to nothing. With a view to future sun flares, we will al§ehpab
limited number on paper for posterity. The internet is flighty, and one day the powers that be may
take over that tm in their supreme wish for censorship.

A Greeting to the New Journal

Ivar Gizever Nobel Prize Laureate, memberkifmarealistené s Sci enfi fi ¢ Co L

We are extremely fortunate today because of the tremendous progress in science in the last century
or so. People like Einstein, Onsager or Feynman hawght us how to study both the whole
universe o a single atom in great detahd appreciate what we learn. In my lifetime innumerable
inventions have been made and if you get bitten by the scientific bacillus there is no turning back.
John Hogan hase ven wr i tt e nTheaEndad Sclenoahat wasesalerdhy criticized by

mary people but | found it close to the truth because there cannot be an infinity of scientific laws.
But even if science is close to the end, new inventions are not, anantibens virtually limitless.

The pwer of the Catholic Burch in the not too dighce past is well known and it affected many

great scientists. More recently the political thoughts tend to influence science, but not as
successfly as the religion in the past. The Lysenk
example from about B®. Global warming may be a recent one because they claim that they are
correct because 97% of scientist agree. But science cannot be verified hyeutbsyou are

correct, or you are not. Science can only be verified by good experiments and if thatyadpee,

even the most beautiful theory must be disregarded.

A https://doi.orgl0.53234/scc202111/24
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The Climate Realists of Norway

Morten Jgdal, Chairmé&h

VA

The member «&lmgreahstezéa twaosn sit art ed i n @ Q0QWVithasand
1 150 paying members. The membersiaie is the economic basis for all our activities. We have a
main body of members in Oslo, as well as local units in many other Norwegian cities.

The main objective oKlimarealistene the Climate Realists oNorway, is like that of our sister
organizatims all over the world: We participate in the public debate to declare that there is no
climate emergency, and neither will it threaten us in future. This statement has deep consequences
for the current climate politics, as it implies that there is no faeany drastic actions to influence

the climate. We are convinced that such an influence is limited, since climate first of all is
controlled by nature.

Our means to influence the public and the politicians are publication on our own website
(www.klimarealistene.coln participation in the public debate in newspapers and other media, the
regul ar newsl etter O0ClIimate news?©b, participat
as well as arranging publseminars, conferences and meetings.

The Climate Realists of Norwagire advised by a scientific council, consisting of 30 members
including several from other countries, most of whom have got a PhD in an area relevant to the
scientific discussion. Thisrgup of scientists deliver the empirical facts and the scientific
conclusions being the basis of our papation in the public
debate.

The term 6Climate Realisto
in Norway. In daily speech, it is understood as beingistea S187 Vi Fist
about climate, as opposed to the doom and gloom in undergan
media. But it also alludes

one who has studied subij ag
which in English means the sciesed mathenatics, physics,
chemstry, biology, astronomy, geology, and in the rece

years computer science. This means that there is a teiono S
in the term that th€limate Realisthave a scientific basis forgams
their realistic view on climate. /

Morten Jodal

Morten Jgdal haswritten the book Mij B my t e n e,
ronment al Myt hs o, and KI i m{ % REALISTENE Il i sh

A Submitted2021-05-24. Accepted2021-07-21. Reviewedby G. Hasneshttps://doi.orgl0.53234/scc202111/25
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Climate and Climate Research

Ol e Henri k ElIl estad, Chair ma“n, Kl i mar e a

The Norwegian organization Klimarealistene (Climate Realists) was foun@89 to provide the

society with more balanced scientific information about climate change and the relevance of related
technol ogies and political decisions. In 2015
form a broader and more systdindasis for scientific discussion.

The members expertise covers the most important aspects of climate science including physics,
astrophysics, geology, chemistry, biology, and mathematics as well as experiences within
climatology, technology, economy angkdia. Together with international open data sources, this
forms a sound basis for understanding the climate, its drivers, derived effects, and related political
measures. The Council operates autonomously, and the members form their own scientifis opinio
and presentations for various purposes.

Now, Klimarealistene takes one more step by launching a new scientific journal which, hopefully,
may contribute to the scientific debate and further clarification. The science is far from settled as
explained in he following by some general considerations and examples including the Nordic and
Arctic regions with the highest temperature anomalies. Science needs free speech not restricted by
censorship of any kind.

Climate

Nature and most people prefer wamto colder climate as shown by the distribution of people,
plants and faunat varioudatitudes and altitudes. Nearly ten times as many people live in the USA
compared to the much larger, but colder area in Canada. Reliable forecasts of future climate
variationsin the various climate zones would be beneficial, particularly for everybody involved in
activities related to nature and the derived businesses. Global predictions are of less importance.

Scientifically, the climate is formed and must be understood andeled within the various
climate zones, and then be aggregated on a global level if that would be of interest. Unfortunately,
the large climate computer models focus on the global aspect. The important downscaling to
regions is far from settled.

Reliabke forecasts for the different climate zones would require detailed understanding of the
influencing factors whiclgenerate a temperatuspan fromi 80°C to +60°C formed by the Sun,
moon (tide),latitude and altitude positions, oceans, winds as well agedegffects, and even by
cosmic influence from outside our solar system.

Thevariations of thes u n 6 s  sumspoeycleeaery 914 years are shown in Figure 1. They also
have more longange modulations with minima giving colder periods (dark red 18001750
(Maunder), around 1800 (Dalton), around 1900 and forecasted forS20B0between the warmer
periods (yellow). Our present warm period 1is
2004, the strongest in 8000 years according to theepoe of isotopes generated by solar activity
effects. Theyinfluence importantcharacteristicdike total solar insolation, spectral distribution,
magnetic field strengttsolar storms&nd Forbush effects.

In their selection of publications, IPCC favoers ul t s from model |l ing (PMC
instead of the best satellite measurements (ACRIM) and modern sunspot counting (Belgium).
Thereby, the Sunds contribution to a major pa

scientifically doubtful, and it is unacceptable to claim that science is settled. The normal practice of
IPCC to settle crucial scientific questions by modelling instead of observations is continued.

A Submitted2021-06-04. Accepted2021-07-21. Reviewedby G. Hasneshttps://doi.orgl0.53234/scc202111/26
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Figure 1. Counted sunspot numbers between the years 1600 and 201idreunacts.

War mer periods are painted yellow and col d
19232004 appears outstandin@ccurrence of historic events correlates very well with

the strength of the solar cyclés.om Abdussamatov 2010.

Particularly, theSun heats theequatorial zone generating pelard transport of surplus energy
influenced by numerous factors including the formation of clouds. The sysieemever fully
balanced and may generally be considered as oscillating around-equairium stags.
Everything varies over time and influences the weather and the climate to various degrees on
different time scales. Codtdland warner periodsof the Earthduring the Holocene seem to correlate
largely with variations of thplanetaryparameters of theolar system, the various internal cycles of

the Sun and the derived effects. Chaotic processes also occur.

Greenhouse gases contribute with secondary effects making larger areas of the Earth warmer and
habitable. The increase of the atmospheric infraptideagases contributes even less per molecule
as they approach optical saturatamwater vapour arndO,,

Thesurocean interaction may be a key el ement. £
within a depth of ten metres, but the rest penet@ddes to about 180 m, particularly in the blue

part of the spectrum. Infrared radiatisnalmost totally absorbed withthe surface skiactivating

hydragen bonds in the surface layer. Heat transfer through the atmosphere is primarily by
evaporation andonvedion the first kilometre, then radiation gradually increases and dominates at
higher altitudes. The energy effect from the doubling of @PCC use sensitivity of ca 3.5 W/m?2)

is only a few percent of the heat transfer. The lower sea variatiamaouis influenced by heat
release through formation of sea at-1.9 °C, the other one at about-3P °C through cooling by
evaporation, whichthen starts to increase significantly according to the ClauSlapeyron
equation.

It is almost unbelievablé¢hat these numerous variations, according to relf@@cC claims, have

little or no influence on the climate and its variations in the affected zones. Thexcewneding to
IPCCtheory, anticipated to be balanced out, not influencing the global averggee$, or are
explained by volcano activity. Some effects may cancel out, and heavy volcano eruptions may
influence the stratosphere for a few years. However, the natural processes are the more relevant,
obviously for modelling the various climate zonesey may be difficult to track and quantify.

Also, a given amount of energy makes much larger impact of the air temperatures than for ocean
temperatures. There is an asymmetry in energy uptake and release from ocearcamgpacedo

the atmosphere, and ajor differences in transport speed by winds and ocean currents, which may
be hard to settle, not least to calculate by the global computer models.

Science of Climate Change 7



Over most of the worl d, systematic variations
the moo s cycl es i ncluding ocean ti dal effects
Intertropical Convergence Zone (ITCZhe Quasi Biannual Oscillation (QBQhe Pacific Decadal
Oscillation (PDO), the Atlantic Multidecadal Oscillation (AMO, AMOC), the rikieAtlantic
Oscillation (NAO) as part of the Arctic Oscillation (AO), the Indian Ocean Dipole (IOD) and the
Southern Annular Modulation (SAM), all influencing enormous regions, but changing at various
time scales. Weather phenomena, like the El Nifio ®ontscillation (ENSO), may also show

long term, systematimodulation

One evident example is the systematic variations of wind patternsstd&aims and others, and the
Atlantic and Bering currents into the Arctic Ocean which generate well known chiantpesice

cover with subsequent changes of the albedo and the heat exchange between the atmosphere an
open sea. Todaydés changes are wel | -edge dvdrthen t h e
last hundreds of years. The global effects from thetié are well recognised as observed by the
warmer decades around the years 1870, 1940 and 2000 with intermediate colder periods.
Meaningful orrelation with atmospheric amounts of £6lacking.

Numerous scientific studies and even the media reporté&atga temperature increase in the
atmosphere and in the Arctic Ocean in the 19@6 with glaciers retreating several kilometres and
plants and fauna thriving. AAl most ice free t
1945, which was refercein a major Norwegian newspaper by only seven lines in a small column.
Later, the Arctic se&ce recovered with a new maximum around 1980 followed by a new
multidecadal reduction. In the 1930s, the warming was considered as climate improvement as part
of the recovery after the Little Ice Age.

Variations in Antarctica are smaller due to circumpolar ocean currents and winds, the latter
including the frequent, continental katabatic mode.

Such observed cycles cannot be refuted by adjusting temperaturesicatatiethods and nen
validated empirical computer models. Nature is too complicated. The large computer models have
challengesof numerical kind the physics and mathematics of turbulent fluid transport, #ney

global without proper zonal downscalingdahave still too large a grid structure (100x100 km) to
represent adequately many phenomena, particularly clouds, which also are poorly understood, even
according to the IPCC reports. The parametrisations are numerous and essential in tuning the
models, btit is not necessarily influencing the calculations in the way nature acts and will act in
the future. The effect from the doubling of €®smaller than the uncertainty of the calculations.

Historical variations

Over the last 500 million years no systdin temperature variations have been found, giving
evidence to any dominating, prevailing temperature influence from atmosphesieve® with
amounts 15 times the present level. On the contrary, several studies report low or no correlation.
The average Igbal temperature has been found to vary betweeB213C, the upper limit with

living conditions supporting large animals for about 200 million years. Today, the average global
temperature is 14.5 °C, about 7 °C lower, which is in the lower quartile.

For the last 2.5 million years, the Globe has experienced a geological ice age period, Pleistocene,
with glacial periods of ca 100 000 years normally being interrupted by warmer, interglacial periods
of up to 15000 years. We are approaching the end of thed¢éole period in about 15@500 years
according to average periodicity, although there are studies reporting that the regularity
occasionally has been disrupted.

A new Ice Age would cause an enormous climate crisis. Maybe even a new Little Ice Age with its
natural decline of food production would be disastrous in some of the climate zones. A forecasted
reduction of the Sunds activity in the coming
likely, a Maunder type of minimum in the coming decadesatiog to recent solar research.

8 Science of Climate Change



I IR L |

Temperatur (grader C)
(%]

-34

GISP 2. Greenland

Ar for na

Winoiske varmeperioce

Nalidige varmeperiode

11000

290

280

270

€O, {ppm)

260

250

T || ||

10000 9000 8000 7000 6000

M\Mﬂ

| Romerske vameperiode
— Middelalder varmapenoda

- Denlille Istid

|

Sooo 4000 3000 2000 1000

T

Atmosfeerisk CO, ifolge EPICA Dome C iskjerne

[=]

III

11000

| | ' | ! | ! |
10000 9000 8000 7000 6000

T T T T T I T T T T
S000 4000 3000 2000 1000

(o]

-28

-29

-30

=31

-32

-33

290

280

270

260

250

Figure 2. GISP 2 results from ice core drillings at Greenland summit. Green coloured
regions are the known warming periods. Minoan, Roman, Middle Age and present,
spaced with about 1000 years. £@ata are from Law DomeéAntarctica. From Ole
Humlum, climate4you.

At the Holocene maximum 8000 years ago, the water in the Atlantic Current outside the Lofoten
Islands in Norway reached a temperature of ca. 4 °C warmer than today with a summer insolation
of ca. 35 W/m? above exiag level. Norway was ice free with large pine forests up to present
altitudes of 1400 m in the middle part. Other types of vegetation requiring considerably higher
temperatures than today, have also been reported.

Ice cores from the Greenland summit shtdve Minoan, Roman and Medieval warming epochs
spaced in time by a quasiillennial cycle. The next cycle coincides with the present warming
includingthe6 Gr and Sol ar Ma x i muhaéost activenperibdoPtize Stindor tAed 0
last 8000 years. Ber planets and their moons, with different atmospheric compositions, have also
war med. There is ample evidence for | argely
cold and warm periods of the last thousands of years. The warming periodssedbeneficial for

the societies.

From Greenland temperatures since 1840, the
level and with rapid and substantial ice reduction as for other parts of the Arctic. Anthropogenic
CO, started to increaseoticeably after 1950 while the Greenland temperatures dropped further, and
the glaciers started to grow. Not unt i | 1990
seem to differ by ca. 30 years from global averages.

w

The warming from about 1850 caasily be explained by recovery from the Little Ice Age. When

CO;, started to increase discernibly from 1950, the global temperature had already started to cool for
the next 30 years. The World Meteorological Organization (WMO) forecasted in the 1960s even
possible coming ice age which was taken seriouslgdwernmentsintil the recent warming period

started around 1975. The climate legend Hubert Lamb stated that it must be something else than
CO, which dominates the climate variations as there is ldtligelation with CQ, also in recent
centuri es. The 15 years temper atyube eart 6fhtheset us 6
variations.

Science of Climate Change



IPCC and its reports

United Nationds | PCC has tried to estcadndgei s h
authority. The iconic conclusiomdm 2001has been that more than 50 % of the climate change is
anthropogenic. Even that contribution is heavily challenged scientifically with respect to the
radiation effects as well as the anthropogenic €i@reof the atmospherd.he extrene statement

that CQ is almost totally dominating climate new in AR 6 without any scientific justification.

The IPCC climate reports give an impression of a split view. Partly, it presents many important
results extracted dm the scientific literature with proper handling of data and adequate discussions.
This category is found deeper inside the rep
critical analysis of the computer models and temperatures (AR 5).

The othe part is the onaided selectionaccording to their mandatef publications to support the
anthropogenic global warming hypothesis and the rather exaggerated effects from that warming
without adequate discussions, partly lacking the basic scientiféciaras presented by Carl Popper

and promoted by Richard Feynman: Theories ought to be formulated so that they may stand the test
of falsification, and theories not explained by observations and experiments should be rejected.

Turning from the major scieni f i ¢ part of the reports towards
for Policymakersodé (SPM), which i s dominating
views, under substantial politicised influence, have occurred in order to establizbrtsiqy
anthropogenic climate influence. More than one hundred computer models without observational
backing are their main basis. The SPM deviates partly from the original scientific chapters. In some
respects, it lacks scientific integrity as importdalistic views are omitted. Consequently, the
reader is left with false impressions. The selectiobia$edstart and end points in time series are
evident examples. The subsequent public debate is further apart from SPM and even past the limit
of pseudosience.

This is not a surprise. The evaluation in 201
concluded with serious shortcomings in the IPCCs scientific processes, a lack of expressing
scientific uncertainties in the reports and its dissation, a mixing of roles and a mixing of
science and politics. The various emails that appeared reflect viewpoints among key, scientific
IPCC-reviewers, close to dialogs among strong IPCC critics, without any mentioning in the final
IPCCreports.

Politicised climate science

Climate science has become highly politicised. IPCC, researchers, politiciargovenmental
organizations and the mass media have for decades presented versions -sfdacapproach.
Those conclusions are based on exaggeratedeffécts from computer models as compared to
observations and experimental data, neglecting even the major influences from settled natural
variations caused by the Suhe moon, winds and oceans as well as from derived effects.

Many studies contain comiversial elements like data, statistics and other methods, lack of
representative start and end points in presentations of many time series, selection of non
representative temperatures and adjustments of surface temperatures, lack of recognising adequate
satellite temperature measurements, wrong presentations and even manipulations of historical data
and, finally, lack of focus on settled natural, regional, zonal and continental variations. In addition,
many exaggerated extreme effects and forecasts le@redresented, although many has later been
disclaimed in the 2007, 2012 and 2013 IR@orts.

One example is the statement that the increase in atmospherize@@nhd doubt, is anthropogenic.
However, their Berrmodel show significantly slower responfee disappearance of GGrom the
atmosphere than measured for the radioacfi@isotope. Other studies refer to the 50:1 ratio of
CQO;, in the seas and in the atmosphere and the majorcC€lations giving a far less human
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contribution, only about 5 %Again, nonvalidated models are taken for granted within the IPCC
system and expressed as settled science.

The phrase fAsettled scienceo has b.dHeweventreed e\
last published article showetthat only 0.64 % of early 12000 scientific abstractsuppored the
standardPCC conclusion that more than 50 % of the warming is anthropogenic, a remarkably low
figure.

Over the years, a fixed GGsensitivity is frequently used as basis for calculations of various
atmosplkric CQs cenari os. Roger Pi el keds 0DGattides basedr e s
on the | PCCDO0 sersomhiehes welbkdosvh to be unrealistically exaggerataa.

even more exaggerated high emission scenario, RCB8.%op of that make modelling to a
playground for creating alarmb) contrast, top rated scientists in their field, questioning the value

of the CQ-sensitivity, get their contributions refused since their results do not support the IPCC
hypothesis.

Small radiation effectsfrom increased CO

The main scientific question in the climate debate is the quantification of the greenhouse gas effects
of the various atmospheric gases including their mutual influence and possible feedback forcing.
John Tyndall measured in 1959 thesaiption effects of the main atmospheric ncales and found

that water vapour is the dominating greenhouse gas making England habitable. The effects from
CO,, methane, ozone and nitrous oxide were not negligible, but were small. Since then, the physical
laws, theories antelevantmolecular spectra have been presented leastjn the books (19350)

by the Nobel Laureate (1970) Gerhard Hertzberg, frequently known as the spegicdible.

From the 1960s and onwards, the US Air Force has been cogihié most recent high resolution
infrared spectra of atmospheric gases (HITRAWODTRAN), which, together with thermo
dynamic data of the atmosphere, are well suited for calculations of atmospheric effects for various
purposes surpassing the early catiohs by Svante Arrhenius in 1896 and 1906.

There is no doubt that practically all gaseous molecules, liquids and solid materials absorb and emit
infrared radiation. The temperature influence depamrdshe emission from the surfadegw the
absorbed engy is transformed and dissipated and the statenolecular emissionfrom the
atmosphereWhile there is a focus on the absorption part, the emission is equally important as the
net effect is the energy difference of the two mechanisms. It implies detdided understanding of

the emission surface andtmospherearound the gloheparticularly tempetare and pressure
profiles, is important. Neither of them is well expressed in detail by the large, global climate
models.

Using HITRAN, the energies linkieto absorption and emission of outgoing radiation throughout

the atmosphere can be calculated quite accurately for known amounts of individual and mixed gases
and the atmospheric conditions. A compaacé son
emi ssion according to Planckods | aw, corrected
net energy. This may give a quite correct picture of the radiation effects at clear sky for a particular
location when atmospheric parameters are know

Such calculations are more accurate for local effects than larger, global computer models. They give
more precise answers to critical questions of impact from individual molecules, significance of
overlapping bands, possible reinforcement by water vapounot and effects from atmospheric
variations like pressure shift and pressure broadening at various altitudes. Calculations may be
performed for representative areas and be combined to give a global picture. Those results show far
less CQ sensitivity and water vapour feedback than the large global models. Accordingly, the
derived climate effects of various kinds must be correspondingly smaller.

John Tyndall and KnuAangstram (1900) were right. The effect from increased {S@mall and is
approachingoptical saturation at the present amounts (Beenberts law). With the logarithmic
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absorption pattern, the less abundant greenhouse molecules have stronger impact per molecule, but
the minimal atmospheric amounts, now and in the future, give altogethreala impact. Water

vapour is the dominant greenhouse gas, but the strengthened forcing by increased amounts is small
due to saturation effects in most regions. Th

Also, satellites and radiosondes measureced specific humidity in the altitudes where the large
computer model s calculate the highest i mpact
considered as a lack of crucial evidence even by IPCC scientific advisors, is still not observed. A
negaive forcing from less water vapour in the critical emission zones is therefore most likely.

a) Sahara Model b) Sahara Observations

— Mode]

¢) Mediterranean Model d) Mediterranean Observations

©) Antarctica Model f) Antarctica Observations

— Model

— Model
- = =B(190K

Figure 3 Modelled (left) and observed (right, from Nimbus satellite 1970) retention of
radiative energy by Cg&at typical regions like Sahara (upper), Mediteream (middle)
Antarctica (lower). The red, dotted lines are emissions from earth according to Planck
distribution at the given temperatures. The area between the two lines represents the
detained energy. From W. Weijngaarden and W. Happer 2020.

Calculatingthe radiation effects at various places on earth give some varigianse 3) For

inverted atmospheric temperature profile€, will give cooling even more for increased amounts

of CO,. The stratosphere and polar areas during winter, particulariyettyecold Antarctica, will

reduce the global effect observed from the high temperature desert regions having the strongest
ground emission andccordinglyabsorbed energy. An eventual melting of Antarctica glaciers will

not be caused by increased £8 @lculated by the global computer models, wracefar from as
representative for important climate regions as claimed.

The calculations are based on clear sky conditions. Clouds interfere strongly as the radiation from
the ground is absorbed. Theiremissi i s controll ed by the cl oud:
temperatures than the ground. The impact from cloud cover change and altered albedo is larger than
the calculated effect generated from increased. GZCC admits that clouds are poorly underdtoo

The effect is calculated by parametrization and is strongly involved in the tuning of the models with
no guarantee of being part oftdurerealistic approach.

There are ample observations that the average temperature increase is particularly anfiyence
warmer minimum values in colder periods like nights and winters. Greenhouse gases are among the
possible explanations. That is far from causi
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Beneficial effects from increased C@®

Numerous alans of increased frequencies and severity of natural disasters caused by higher
temperatures have been reported by IPCC. However, this is not reflected in official statistics which
show stable, reduced tendencies or similar patterns over the recent dmoaddsnturies. In its

2012 and 2013 reports IPCC disclaimed previous alarming statemasnsefning tropical
cyclones, floods, droughts, major storms in the Néiiantic, Gulf Stream will not stop etc.hot

so in AR 6.No major hurricanes landing the USA from 2005 to 2017 is another indication. The

sea level rise follows the pattern from tide gauge measurements since 1810 as a natural recovery
from the Litte Ice Age. It will take years to alter these conclusions as the number of extreme events
is small.

Furthermore, the small temperature effect and significant €@tribution to plant growth have

made the Earth greener by approximately 15 % since satellite recordings started in 1979, also in
critical areas like south of Sahara. This is consistetit wp to 1200 ppm of C{being added in
greenhouses to stimulate photosynthesis and growth in particularly C3 plants, but also the less
abundant C4 plants. Record crops are frequently reported over the later warmer years. A warmer
world will make huge landreas towards the north and at higher altitudes better suited for farming
and forestry, a favour abl eisendewantden mllionvdeaple. t h e

Even the corrected results from Richard Tol, working with environmental ametelistrategies,

justify his previous statement that the world would be a better place to live for richer and poorer
within a temperature rise of 2 °C. Increased atmospheric level of greenhouse gases is no threat to
that limit. They will contribute, regaleiss of the C@increase, most likely significantly less than

the low limit of the Paris agreement of 1.5 °C in year 2100, and the human part of that is even
smaller. A CQ sensitivityof about0.5 °C has been suggested in several studies. Talaythalf

of that level has been reached.

There is no climate crisis. Such a conclusion is not stated iscikatific related part ofPCC
reportsprior to AR 6 Natural variations are the more likely explanation for recent climate change.
Increased warming fronhigher atmospheric COevels and less abundant greenhouse gases is
small and will remain so in the future. Increased,@@l, most likely, contribute to a more
favourable development in most climate zones.

The various political measures to reduce atrhesp CQ would be very costly and make fairly
large impact on the societybut not much on climate. An eventual crisis linked to the forecasted

cooling from a weaker Syn t he ti de i nf |l uenciandvariatiorsim,wind he ¢
and ocean pterns in the coming decades psobablymor e | i kely as the Wi
increases.

Climate science is not settled. The new journal will, hopefully, contribute to clarify further aspects
of our wonderfuland interestingslobe, its climate and its aty.
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What Is Science and What |{®

Christopher Monckton of Brenchléy

Abstract

In the classical scientific method, a proposed alternative hypothesis that an observable event is not
attributable to chance is Popgdaisified by deductive testing dhe corresponding null hypothesis

that the occurrence is random. However, legalist-puxiern scientism promotes a species of
proposition that is not a true hypothesis at all: the reatiif irrational antihypothesisyhich,

though of its essence apristic and often imprecise, unquantified, untestable, untested or
fallacious, may gain credence even where the null hypothesis has been demonstrated or falsification
has not been attempted or is unattainable. The characteristics and dangers of antihypaheses
discussed.

Examples concern the supposedly divine or alien origin of the Great Pyramid, the alleged
imperialism of the triangle in geometry, the notion that the Earth is flat, our purportedly dangerous
infl uence on t he Ea rnéetafae benefit ohgidbaarnaing diitigatore al | e

A mechanism is derived for the identification of antihypotheses and either for their outright
elimination by means of the scientific method or for their emendation by sufficiently rigorous and
precise fomulation, quantitative where possible, to render them falsifiable and thereby to bring
them safely within the orbit of the scientific method and hence within the compass of science itself.

Keywords: Philosophy of scienceNull hypothesis Alternative hypdiesis Antihypothesis
Scientific methodGreat Pyramig Pi; Golden ratiQ Eu | e r 0 s, Flat-Hantlb teeory Climate
change Global warming Logical fallacy Mitigation economics

Introduction: The principle of the universality of truth

Truth alone, saidfr Vincent McNabb, a celebrated divine in the London of the eaflc@ftury, is

worthy of our entire devotion. The end and object of science, as of religion, is to answer the
guestion posed by the judgerial hitéhWbatyrousthmas
question of questions underlies all true enquiry. Notoriously, the jidge governor of an
unconsidered province of the early Roman Empidiéd not stay for an answer: but the Defendant

in that trial, Who was uniquely qualifiedtopiod e t he answer , had provo
uttering the noble manifesto no |l ess of the
end was | born, and for this cause came | i nt

(John XVIII, 37: King James Bible).

It was by that maxim that the late Professor Mgl Morner lived. For more than half a century

he studied sea level. He found that it was not rising anything like as fast as had been predicted, and
was vilified for teling the truth. But it is he, not his shoddy detractors, whom science will
remember. This essay in the philosophy of science is dedicated to his memory.

Mathematics is thdingua francaof all the physical sciences. Logic is the heart and soul of
mathematis. The fundamental principle of logic is the principle of the universality of truth. That
great principleresonates thoughout the history of thought, in the Old Testament and the New, in
Plato and Aristotle, in Euclid and Thales, in KungZh and LaeTse in Thabit ibrQurrah and

Abu Ali ibn alkHaytham, in Cicero and Justinian, in Augustine and Aquinas, in Bacon and More, in
Euler and Gauss and Einstein, in Huxley and Popper, in Feynman and Snow. It is this

A Submitted2021-05-08. Accepted2021-06-01. Reviewed by W. Eschenbachnttps://doi.orgl0.53234/scc202111/27
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Each proposition that is true stands constsiath every proposition that ever was or is

or ever will be true, throughout the universe of time and space, from the beginning of
the beginning to the end of the end and from here to the outermost stars; but each
proposition that is false, whether or nbstand consistent with any other propositions
that are false, falls inconsistent with every proposition, in every time and place, that
ever was or is or ever will be true.

Note en passanthat the principle of the universality of truth does not conflict t h  G©° d e |
incompleteness theorem, which states that in every formal system there subsist statements whose
truthrvalue is indeterminable. Just as the behavior of a chaotic system is deterministic but
indeterminable, so there subsist propositions thatrae, but whose truth we cannot determine. A

Sufi story about Mullah Nasruddin illuminates the incompleteness theorem:

The King decided that he could, and would, make people observe the truth. He could
make them practise truthfulness.

His city was enteid by a bridge. On this he built a gallows. The following day, when
the gates were opened at dawn, the Captain of the Guard was stationed with a squad of
troops to examine all who entered.

An announcement was made: A E vteertrytlg heewillwi | | b €
be all owed to enter. I f he | ies, he wild| b e

Nasruddin stepped forward.

AWhere are you going?06, said the guard

Al am on my wayo, said Nasrudin slowly, Afto
AWe dondét believe youl! o

AVery well, if melhave told a |ie, hang

ABut I f we hang you for |lying, we wil!/ have
AThat 6s right: nowY®UR &mowhwédat truth is

The sparse notation of formal logic states the principle of the universality of truth more prosaically
(1):
£ E (1)

Formal logic is a rare instance of common ground between the Two Cultures: the arts and the
sciences (Snow 1959). Karl Popper (1934) formalized the scientific method in logical terms as an
iterative algorithm starting with a general problem, talrads which a falsifiable alternative
hypothesis is advanced. During the subsequent-elirmmation phase, the tentative theory is (very
rarely) demonstrated, (less rarely) disproved, or (usually) neither. In the last case the hypothesis
acquires some edibility not because any imagined consensus of experts endorses it but because it
has endured falsification without disproof. By the iterative advancement of hypothedes
elimination of those that are erroneous via deductive testing of the null hypthies original

general problems progressively refined. Science thus incpesletemptintoward the truth. By
contrast, falsification of the experimental or research hypothesis by inductive as opposed to
deductive reasoning irsmivtuy ncefr arbd teu rt @0 Haugnewmsp tii

To falsify an alternative hypothesis, the corresponding null hypothesis that the occurrence of a
given observable event S random i s scrutini
statement speak®aut reality, it must be falsifiable; and, insofar as it is not falsifiable, it does not
speak about reality. o

The summation of the scientific method attri!
tation can ever prove me right. A single experimenc an pr ove me wrong. O

Science of Climate Change 15



Huxley (1866) wrote:

The improver of natural knowledge absolutely refuses to acknowledge authority, as
such. For him, scepticism is the highest of duties: blind faith the one unpardonable sin.
And it cannot be otherwise, for everyegt advance in natural knowledge has involved
the absolute rejection of authority, the cherishing of the keenest scepticism, the annihi
lation of the spirit of blind faith, and the most ardent votary of science holds his firmest
convictions not becauseelmen he most venerates hold them; not because their verity
is testified by portents and wonders; but because his experience teaches him that when
ever he chooses to bring these convictions into contact with their primary source, Nature
T whenever he thirkfit to test them by appealing to experiment and to observiation
Nature will confirm them. The man of science has learned to believe in justification not
by faith but by verification.

Except on the rare occasions when a theorem is demonstrated, ssianSesyphean endeavour.
Absent absolute proof, the best the scientist can do is to clamber crabwise towards the truth inch by
inch, knowing that others behind him may at any time fault his footwork and bring him and his
hypothesis down. As will be seeeven a universalipelieved theorem may not be as universally

true as is universally imagined.fortiori, unprovable, unproven or disproven antihypotheses should

not be paraded for our deferen€gglurel).

Figurel.The Royal Sociebnpnédésmwobtrtd: foTake. o

Feynman and Robbins (1999) agreed: AScience i
deadliest form of appeal to authority is the-preptive adoption and enforcement of an aprioristic,
ideological party line contrived to ppar as a legitimate scientific hypothesis.

Figure 2. Three opponents of apriorism in science.
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The true objective of science is the passionately dispassionate search for the objective truth. Science
does not say, il beli eve! dGiYou dhoss thlee i mame, of
sl avish adherent of some transient totalitar
wonder ?0 For the true scientist stands at onc
secrets. He mts and hunts for the laws that underlie and govern the workings of the natural world.
Diligently, he applies previousigstablished theory to the results of observation, mensuration and
experimentation, either to disprove or to modify that theory, dg kthd little, until the objective

truth is ever more clearly revealed, ever more deeply discerned and ever more merrily enjoyed.

1. The antihypothesis

Religion attains to the truth by accepting the Words handed down by Messiahs or Prophets and
pondering thes things in its heart (Luke 1l, 19: King James Bible). Religion, then, is at root
aprioristic: it begins by accepting ansndeaXi 0 me
intolerant, totalitarian, legalist scientism that holds sway in acadedas is likewise aprioristic,

but without any of the morality and merriment that are the saving graces of religion. Scientism has
increasingly supplanted science in the universities. Questioners of the orthodoxy on a growing
range of scientific topics areilified, excluded, excoriated, condemned and even menaced with
execution for fAhigh crimes against humanityo.

Figure 3. AFHaytham on an Iraqi 1@inar banknote

Yet Abu Ali Ibn atHassan Ibn AHussain Ibn AlHussain Ibn AlHaytham Figure 3), founder in
the East of the scientific method as Thales of Miletus had founded it in the West, wrote most beauti
fully during the golden age of Islamic scholarship iH‘-]:iantury Egypt:

The seeker after truth is not one who studies the writings of the ancientslbvdng

his natural disposition, puts his trust in them, but rather the one who suspects his faith in
them and questions what he gathers from them, the one who submits to argument and
demonstration and not the sayings of human beings whose naturegist fvath all

kinds of imperfection and deficiency. Thus, the duty of the man who investigates the
writings of scientists, if learning the truth is his goal, is to make himself an enemy of all
that he reads, and, applying his mind to the core and margitssaaintent, to attack it

from every side. He should also suspect himself as he performs his critical examination
of it, so that he may avoid falling into either prejudice or lenigihogs, 1985)

The f@seekertthestigntst places na fditin any mere totalitarian, ideological con
sensus, however venerable or widespread, but applies hisvbardcientific knowledge to check
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and check again. AThe road tHoaytthe mtr itbhuti & hlac
we must rf tbel classisal understanding, then, the scientific method is a moral process
whose end and object is the truth. If there were no such thing as objective truth, there would be no
such thing as science. For without objectivity there is naught but apridhisnadoptiora priori

(and often for purely ideological reasomd)propositions whose objective truth has not previously

been demonstrated with sufficient rigor, if at all.

Apriorismi the adoption by faith alone of propositions that owe all to idecdogylittle or nothing

to the scientific method is a characteristic of all totalitarian systems of thought. Two of the
commonest species of apriorism are superstition and legalism. A superstition is demonstrably false.
A religion, by contrast, advancesf it s adherentsd assent propos
but , being unfalsifiabl e, fall outwith the s
political philosophers of the early peSbnfucian Chinese empire, who, meditating upon the
fundament al divide in politics, concluded t ha
1996 we might cal l them Atotalitarianso, but
AConfuciansd (phil osophi gidatloftheAnblests.t ar i ans i n t

The eugenicist notion that the Jewish race is inferior to an imagined Aryan race, the Lysenkoist
doctrine that soaking se@drn in water over the winter rather than planting out the seeds in the
autumn will produce better harvests,the environmentalist demand that a billion people without
electric power should be denied the {daving benefits of affordable, reliable, lgech, continu

ous, basdoad, coalfired or gasfired electricity on the ground that the planet must be ddnan

global warming that is occurring at a third of the predicted rate are genocidal instances of a recent
species of aprioristic, pseudaoientific proposition that is not, properly speaking, a hypothesis at
all. It is an intrusive, alien species whok®alist advocates demand that it be treated with
obeisance, as though it were a demonstrated theorem, even where it is egregiously, patently false.

This alien species is the antihypothesis, a proposition that revels in its own falsity, monstrosity and
even absurdity. Antihypotheses that spring from legalistic apriorism are likely to prove particularly
pernicious, since the totalitarian governing power may decide not merely to adopt them even in the
absence of legitimate scientific justification but als@mdorce them for selfish, partisan reasons of
political expediency, social convenience or financial profit. The dismal antihypotheses of Heydrich
and Lysenko killed tens of millions. Those w
prisons, on thground that disagreement with the Party Line wasiori evidence of lunacy.

The typical antihypothesis exhibits one or more of the following commonplace defects

1. The antihypothesis is not expressed in quantitative terms and cannot be quantRaipypedy
falsified.

2. The antihypothesis is imprecisely defined (often by deliberate vagueness), or is otherwise of
such a nature or in such a form that it is unfalsifiable.

3. The antihypothesis is Poppfisifiable, but falsification has not been atte¢ath

4. The tyrant, the State or another agency of compulsory untruth has imposed legalistie or peer
pressure constraints inhibiting or even forbidding falsification.

5. The antihypothesis has been falsified but is perversely insisted upon.

6. Scientistseept i c al of the anti hypothesiegduaraei oBCK
incarcerated, certified as lunatic, exiled or even executed for daring to question it.

Today, for instance, tens of millions die annually because they are denied electnieal An un
guantified but growing fraction of those millions die because they would by now have had access to
electricity were it not for globalvarming mitigation policies dictated by legalist institutions falsely
praying science in aid to justify thexation, regulation and rationing upon which they insist, but
whose motive is chiefly political.
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For instance, Christiana Figueres, for many years the chief executive of the secretariat of the United
Nationsd Framewor k Conv et press cordenenc€ shortiy defoee th€E h a n
Paris climate conference of 2015:

fAThis is the first time in the history of mankind that we are setting ourselves the task of
intentionally, within a defined period of time, to change the economic development mo
delthat has been reigning for at least 150 years, since the Industrial Revolution. This is
probably the most difficult task we have ever given ourselves, which is tdiamaity
transform the economic development model for the first time in human hastory.

Likewise, Dr Ottmar Edenhofer, lead author of #murth Assessment Repatft the Intergovern
mental Panel on Climate Change (IPCC, 2007), said in 2017:

AOne has to free oneself from the -1 usion
mental polcy. Instead, climate change policy is about how we redistritbeitiactothe
worl dés wealth. o

Such legalists are open about their distaste for the market economy that has served well those
nations where it has been to some degree permitted. The legaistis@open about their intention
to use climate policy to destroy capitalism from within.

Ms Figueres holds up Communist China as the model of how to deal with global warming. Legal
ists such as she now command the levers of international power.

How, then, will it be possible to establish a mechanism for the early identification and exposure of
legalistic antihypotheses such as that upon which these new tyraritdhlatyanthropogenic global
warming will prove catastrophic without at least a radictdrference with the market economy?

How can antihypotheses be rapidly identified and either eliminated outright from acceptable
scientific and political discourse where they are not falsifiable or have already been falsified, or, at
minimum, be modifiedo render them Poppéalsifiable and thus to remove them from the merely
political sphere and bring them back within the ambit of the scientific method?

To assist in formulating a process for eliminating antihypotheses and reasserting the paramountcy
of objective truth in science, some instances of antihypotheses will now be considered.

2. Superstitious antihypothesis: AAliens made t

A series of antihypotheses concerning the mathematical principles that are thought by some to have
underlain he design and construction of the Great Pyramid of Kh@fa€ceCheops) at Giza will
illustrate the arbitrary, capricious and often fanciful approach that arises from superstitious
apriorism.

The Pyramid was built during the reign of the Pharaoh Khufues4500 years ago. In that era, a

royal cubit (@ ¢ it or p& p AHWas subdivided into seven palms each of alg@sA | or 0 E |

Each palm comprised four fingers of ab@®A | or 7§ E 1 The standard cubit comprised six
palms, but all referencestdiac ubi t 0 herei nafter wil/l be to a |

The Pyr ami dpgremosppears tothave beeny royal cubits p Tl , ort Y AOand
the base, thekha thebty Tt royal cubits ¢ c&@tl , orx v 4OThe basal inradius is half thikha
thebt.

The seqgedis the ratio of the basal inradius to geeremosn palms and fingers per cubit: i.e., the
cotangent of the lateral inclination. With seven palms to a royal cubit, this cotangent expressed as a
decimal is simply onseventh of theeged

The segedof the Great Pyramid is 5 palngsfingers (i.e.u® palms) per cubit of thperemosi.e.,
the cotangent of the lateral inclinationu®7y or T .q he slant height of the triangular lateral
faces is thug v &8p w cubits.
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Dimensions of the Great Pyramid
assuming a peremos of 280 cubits
and an ukha thebt of 440 cubits

Cubits 25 50 70 90

8}0N3(08Z|:(@pnine) sowsiay
6
0.5\0

/
Lateral
inclination:
= Basal inradius: 220 cubits 51.843°\

Ukha thebt (base): 440 cubits

Figure 4. Setional triangle of the Great Pyramid bisected through opposite slope heights. All 210
courses of masonry are shown approximately to scale. The lower 43 courses (darker) comprise
approximately half the volume of the Pyramid.

The apical dihedral and semihedral angles arg & pJiand o @ v Jxrespectively. The basal
dihedral or lateral inclination 1 @ 1 J{Figure4).

The following are among the many anti hypothes
been promoted, some of them by respectablea@aogical or mathematical sources:

1. The squaring of the circle is encoded in the Pyramid in thgighfemods the radius of a
circle of circumference equal to the perimeter (four timesikina thebit

The ratio of thgperemogo the basal inradius 1" .
The ratio of the slant height to the basal inradius is the golderr ratio
The square of the ratio of the area of all four triangular faces to that of the Base is

a kD

The isosceles triangle whose base is the terrestrial diameter and whose altlied®iim
of the terrestrial and lunar radiFigure 5) is similar to the sectional triangle of the
Pyramid Eigure4).

6. The sum of the lunar and terrestrial diameters in miles is equal to the sum of the vertex
angles of the regular dodecahedon and the regusahedron in degrees.

7. On concentriovesicae pisci®ne being onghird the scale of the other askilgure 6, a
triangle similar to the sectional trianglefigure4 appears.

8. In Figure4, the ratio of the basal to the apical dihedr&lis, whereQi s Eul er 6 s nu
¢& p &, the base of the natural logarithms.

9. i1Proceeding around the globe due north and
more earth and | ess sea in that meridian t
(Smyth, 1880, p. 89)Kigure7).
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1007 The height of the Pyramid is precisely on
Sun. 0 @pSaty t h,

11. The small irregularities in the dimensions of the four lateral faces of the Pyramid were
deliberate, so thdtoth“ ande could be more precisely encoded in its dimensions.

12. The latitude of the center of the Grand Gallery within the Pyramidd@® ¢ 8 B'E
or 8 ="E encoding the velocity of Ilightin vacuq namely
h 8 17

Do these dozen superficially mathematical propositions indicate that the Egyptians of the Old King
dom possessed knowledge that no mere humans of that age could possess, or that the pyramids wert
built by aliens or, a little less fancifully, by Egyan architects ambitious to encode into its design
such fundamental constants of mathematics,as andQ or units such as the meter, the mile and
the velocity of light? Or are these propositions antihypotheses?

From the Middle Ages to the m20" century, the educated classes in Europe were trained in three
foundational subjects, thevium, as asine qua norior any form of higher education. The elements
of the trivium were grammar, logic, and rhetoric. Some acquaintance with logic was intended
liberate students from apriorism, and to enable them to recognize antihypotheses.

One simple | ogi cal esdergidnon surde mubiplicaada praeteiRnecessitatem.
There is little to be gained from an excess of complication. Of sevgrnettions for an observed
event, the simplest is likeliest.

Occambébs Razor is inherent in the scientific m
observable event arose not by design nor by necessity, still less by alien or diving agety
mere chance.

Applying Occamds Raaaove, the mull hypotbegi®is that theoapparent-enco
dingof* ande i n the Pyramiddés di mensions was &eit+ther
kable. Of thet p 1t Egyptian pyramids of the period, many (see e.g. Table 1)skgddsn the

region ofu palmsg fingers per cubit of thperemosSeveral earliepyramids with largesegeds$iad
suffered structural failures, but pyramids with snsaljedsvould consume disproportionately large
volumes of stone in their lower courses and would accordingly lack the présesnze architects

cal | t hei ofiaiea pymmids.g O

Pharaoh Ukha thebt Basal = Peremos Seqed ) Ratio Apical Basal
(base) inradius (altitude) (palms cubit)) ~ Seqged x dihedral dihedral
Sahure  78.5m 39.3m 48.0m 5.75palms cubit 0.821 79.0 50.5°
Menkaure 103.4m 51.7m 66.5m 550 paimsubit’ 0.788 77.A 51.3°
Khufu 230.3m  1152m 146.6 m 5.50 palms cubit’ 0.788 76.3° 51.8°
Userkaf 73.3m  36.7m 49.0m 525palmscubit 0750 740  53.0°
Khafre 2153 m 107.6 m 143.5m 5.25 palms cubit 0.750 73.8 53.1°

Table 1.The similar segds or lateralinclination cotangents of five pyramids at Giza.

Even with a steepiskeqedof v palms¢ fingers, i.e., a lateral inclination ob @ 1 Johalf the

volume of stone in the Great Pyramid was taken up by thetficsif the ¢ p wourses Eigure4),
representing little more than o, or less thap 1 AEOf thet ¢ AQeremoslt is likely, then, that

the first four propositions | isted above depe
esoteric circumstances: first, that tbegedwas cerived from experience, falling between a high

value that risked structural failure and a low value that consumed much stone and labor for little
massing; secondly, that the ratio of flezemodo theukha thebivasxdp pso that ratios involving

these two primes give tolerably close approximations botH tand toe . For“ is approximately

C Op @x or o 1,xlose to the true valuep 1 & Likewise, is approximately ¢ @xfp p or

p® ¢ ,mlose to the true valys® p & From thexdp pratio of theperemosto theukha thebttaken
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with these approximations expressed in that ratio or its reciprocal, the facts behind propoditions 1
automatically follow, strongly suggesting nothing more than coincidence.

The fifth proposition likewise follows from thetio of theperemodgo theukha theht All that is
necessary is that the diameter of the Moon shall be approximafply or & X ¢ Hmes the

di ameter of the Earth. Sure enough, NASAG6s | 1
lunar to the temstrial diameter as® X ¢(figureb).

Lunar radius
1080 miles

Altitude
5040 miles

Terrestrial radius 3960 miles

Figure5. The |l unar and terrestrial radii fAenco

Figure 6 . The vesica piscis (Afish bladder 0) C
Christian and Islamiart.is the symmetecial lens formed by the intersection of two unit

circles whose centers are one radius apart (Pedoe, 1995, p. xii). Left panel: concentric
vesicae, the outer having thrice the radius of the inner. Main panel: a triangle whose

apex lies at the upper cusp bktinner vesica and whose base is the horizontal distance

between the arcs of the outer vesica through the lower cusp of the inner vesica.
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Proposition 6 has a similarly trivial explanation. The dodecahedromp ltpentagonal faces each

with an anglesumu TW: total @ T . The icosahedron has rtriangular faces each with an angle

sump WJrtotal o @ d.7The combined anglsum isp myJt The Earthés mean d
Xwcm | es; t he Mo on &9 onilesatheestne of the teo dimmeaieuspsht g 1t

miles. Since degrees and miles are distinct units independent of one another, neither of them in use
in ancient Egypt, this outcome is an unremarkable coincidence.

The seventh proposition is inexact. The ratio ofgilaeemogo the base of the pyramid Figure5

is T o,pwhile the same ratio in the Great Pyramid@ o.@l'he two triangles are sufficiently
dissimilar that their approximate similarity is more likely to be attributable to coincidence than to
design Figure3).
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sty LOWER EGYPT IN THE GEOGRAPHICAL CENTRE OF |0
THE LAND SURFACE OF THE WHOLE WORLD

(on the equal surface projection)

PIAZZI SMYTH. DELT A. RITCHIE & SON, EDINR

Figure 7. World map fron Smyth (1880Q)nhanced to show lost detail and amended
(dotted light gray arrows) to show the true latitudes and longitudes covering the
greatest distances overland. Solid dark gray arrows show the latitudes and longitudes
centered on lower Egypt, whichmyth had imagined to cover the greatest distances
overland. The line of latitude at the edge of the map is a continuation of the line at the
center but on the far side of the globe.

The eighth proposition likewise depends upon mere coincidence. Theceeagidence that the
Egyptians were familiar with the natQtheabhsel o0ga
of the Naperian logarithmic systemhich was not described until 1618. Therefore, the proposition
that'Qwas encoded in the Pyram&lno more likely than that the digits of the year 1618 are mysti

cally connected to the first four digits of p&® p &

The ninth proposition is falséigure7). The two points on Earth at which the lines of latitude and
longitude pass over more land themywhere else are at the mouth of the St. Lawrence River and in
western China. Though Smyth (1880) has remained in print since its first edition, it contains many
such readilyidentifiable errors.

The tenth proposition, again attributable to Smyth, isnlike false. The International Astronomical
Union declares the astronomical uhithe mean SwiEarth distancé as p T @dp mi . Since

the Earthos orbit @lnme-geareycke and thistdigl novgaeatly @ifier froom  a
t oday 6 gshe @ld Kingaomn period a mene v nyaars ago, a billionth of the annual interval
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from perihelion to aphelion falls o thp v 4 . However, the altitude of the Great Pyramid, at

p T4l , does not quite fall on that interval. It is half a meter belowifienth of even the
perihelion. It is in any event implausible that the Egyptians were capable of obtaining a reliable
estimate of the astronomical unit. And why would they capriciously adopt a billionth of it as their
peremo8

As to the eleventh propogih, due to the dependency of common approximatiofisamide on the

Xdp pratio any sufficiently small construction error in the alignment of the lateral faces will tend to
pull the geometry of that face closer to one of the two fundamental constdritsritwer from the

other. Since an error in one face will tend to cause a compensating error in another face, the
approximation to‘ derivable on one face and to derivable on another is very likely to be an
inadvertent consequence of these irreguésiti

The twelfth proposition, like the sixth, is a contrived coincidence of units unknown to the
Egyptians, who did not measure angles, latitu
was not defined until after the French Revolution, andthvas specified as one tanillionth of the
qguadrant from the North Pole to the Equator along the Paris meridian, which in any event differs
from the Greenwich meridian (the Earth being an irregular oblate spheroid), and was of no more
significance to the @yptians than to us, even if they had been no less capable than the French
revolutionaries of conducting the necessary geodesy campaign. In any event, the French estimate of
the Paris meridian was inaccurate.

Antihypotheses such as these were elegantlydied by Umberto Eco (1995, ch. 48):

He threw open the shutters dramatically and pointed. At the corner of the narrow street
and the broad avenue stood a little wooden kiosk, where, presumably, lottery tickets
were sol d. AGent | e maongp &nd Mmeasure that Kigsk. Yiou wili nv i t e
see that the length of the countepis &I i in other words, one hundrdallionth of

the distance between the Earth and the Sun. The height at the pedr ], divided by

the width of the windowp @A |, is o® 1 The height at the front ip A 1 p WAT,

equal, in other words, to the number of years of the Greek lunar cycle. The sum of the
heights of the two front corners and the two rear corneyspisw tp X ¢pwhich equals

X 0,¢he date of the victory at PoitiefEBhe thickness of the countera® A I, and the

width of the cornice of the window ig&A i. Replacing the numbers before the
decimals by the corresponding letters of the alphabet, we obtaingCriond Ofor 8,

or# ( ,whichistheformulafo napht hal ene. 0

These dozen antihypotheses at least have the merit that, to the extent that they are quantitatively
expressed, they may be quantitatively falsified. However, the key antihypothesis underlying all of
them, namely that what are showntobescnt i fi cally unremarkabl e c«
dimensions were encoded by aliens or Egyptian architects, is not Halgifeable and falls out

with the purview of science. Nevertheless, if science does not stoop to correct those antihypotheses
that are falsifiable, scientifically untenable notions may become entrenched and misguided policies
may ensue.

3. Superstitious anti hypothesi s: AThe Earth 1is

Even today, a doggedly misguided faction of YouTube clickim@iters contends that the Earth is
not a neasspherical planet rotating about its own axis and orbiting the Sun but a flattish disk akin to
a dinnerplate with the North Pole at its center and thewed of Antarctica forming the rim
(Figure8).

This central antihypothesis is artfully bt#red by an elaborate compendium of suchlike ingenious
but scientifically nonsensical antihypotheses. For instance:
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MAP OF THE

. Sllllllli AND STATIONARY EARTH.

BY PROF. ORLANDO FERGUSON,

HOT SPRINGS, SOUTH DAKOTA.

Fear Hunbed Passages i the Bible that Conderma the Globe Theery, or the Flying Eacih, asd Nome Swasin It
Thin Map i te e Map o the World

» Send 20 Centa to the Author, Prog Orisndo Farguson, o buck
- explaining ths Sqoare s0d Staiomury Eath, 1) Kaacks the Gl Thoory
- Cen Ou It wil Texh You How to Foreel Ecigum 1t o Worh
e gt by gt net el i a0 The sew ol be T Weght in Gold.

Figure 8. A dinnerplate-Earth image by Professor Orlando Ferguson (1893).

1. The Sun and Moon orbit only 1t Timiles directly above thednerp | at ed6s fAequat o
circle halfway between the center of the plate and the onm gummiles being the
convenient altitude at which roughly the correct zenith angles would be observable);

2. No one can see beyond the icebound rim of the dipla¢e beaeus e vari ous naeé
armed forces deny access to Antarctica,

3. Space flight is impossible and all NASA films, including those of the Moon landing, of the
space station and of the Earth from space, are costly and ingenious fabrications, as in the
movie Capricorn One

4. Cities that would be permanently below the horizon from certain vapi@iges if the
Earth were a spheroid are occasionally visible, proving that the surface of the ocean is not
curved (atmospheric refraction due to transient temperature ionsrdiaving been
meticulously overlooked).

The traditional response to flarthers is to sneer at them. The rational approach, however, is to
use Socratic elenchus: i.e., to test their antihypothesis against the null hypothesis using their own
premises, driving an observable conclusion that demonstrates the falsity of theirs in a manner that
leaves them no escape route.

Assumead argumenturthe flatE a r t h e fcleeidshed assegion that the Earth is a flattish
dinnerplate with the North Pole at itsemter. Then, wherever one stands on the diplse, the

Pole Star will always be visible and the northern constellations will appear to rotate widdershins
about it.

On a spherical Earth, however, Polaris will be visible only from the Northern Hemispigiethe
Southern Cross will be visible only from the Southern Hemisphere. The southern constellations are
visibly distinct from the northern, but would not be so as seen from the gifaterEarth. On the
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sphere they will appear to rotate not widderstbut clockwise about the South Pole. It is necessary
only to visit both Hemispheres and take titapse photographs of the stars on clear nights to
demonstrate irrefutably the impossibility of the FHlat r t h e -standing dimnaptate model.

4. Supersi ti ous anti hypothesis: AThe triangle 1is

Ascher (1994)maintains that mathematics is one of the imperialistic mechanisms by which a
WesternWeltanschauungs inflicted willy-nilly upon a reluctant world:

The relationship between the lengthtloé hypotenuse and lengths of the sides of a right

triangle is an eternal truth, but that does not mean that any other culture need share the
categories triangl e, right triangl e, hypot
much of mathematics edation depends upon assumptions of Western culture and

carries with it Western values.

Figure 9. Beweisfuhrung ohne Wortef Pyt hagorasé theor em. The
comprises either two congruent righmgled triangles and the square on the hypotenus

or the same two triangles translated and the squares on the two catheti. Subtract the

two triangles from each disposition and the Pythagorean identity is established. The

aut hordés tessellation proof by incibnusi on i ¢
justifiably described by Schopenhauer as fa

At least the cited passage concedes that there is such a thing as objective truth. The Pythagorean
theorem i s even described as an nuwhRythagardsist r ut
demonstrably true in the Euclidean plakég(re 9) and even in the hyperbolic domain, it is not

true, for instance, on a spherical surface such as that on which we live and move and have our

being. Ascher asserts that the triangles to whh t h a't Nfeternal trutho
eternal, in that by implication they are mere instruments of, or in some unspecified fashion
contingent upon, AWestern cultural i mperialis

Contrary to Ascher 6s bel i efidencetihteat tkertradgle ana iitso g i ¢
properties are the common mathematical heritage of most sufficiently advanced cultures. The
properties of the triangle were studied, and the Pythagorean identity understood and demonstrated,
in the East no less than the West. Therefore, the assertion that the triangle is an instance of
Western imperialism is itself an instance of Western cultural imperialism.

The early Chinesé hardly Westerri were well aware of the Pythagorean theorem. Zheu Bi
Suan JingHan Dynasty, 221206 BCE) demonstrates it with concision as follofigure 10 (left)
is a square of aread @ comprising four congruent right trianglés éach of area dc, and
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the squared on their hypotenuse® Thus, & &  TOd & OGO @. Deductinggd @
from @ w andfrom¢® w w givestheidentityd w .

Figurel 0. Bhaskarads demonstration of Pyt

The Beweisfihrung ohne Worttributed by Coxeter to the fiftbentury Indan mathematician
Aryabhata Figure 10) is perhaps the most instantly comprehensible of the hundreds of
demonstrations of Pythagoras found in all parts of the world.

Figure1l. ThabitibRQur r ads demonstration of Pyt ha

Al-Sabi Thabit ibrQurrah alHarrani (836901 CE) of Baghdad devised an elegant tessellation
proof (Figure1l), a variant of the earlier demonstration by the tintury Indian mathematician
Bhaskara, which was itself a variant of the proof attributed to Aryabhata.

Thesedissection proofs are instantly comprehensible to the student, unlike that of Euclid in the
West, which Schopenhauer justly described as

The Babylonians recorded Pythagorean triples on tablets in cuneiform, perhaps as aa fexercis
geometry students, such as Plimpton 322, dated 1800 BCE and thus long predating Pythagoras
himself Figurel2).

The tallest structure extant on Earth until the skyscrapers of the fAteebfury was no glory of
Western archit e ctambrallefoubsides ofavhidh heaaimg w mymass after they
were built, among the largest triangles ever erected by Man on Earth, East or West.
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Figure 12. Cuneiform tablet Plimpton 322, listing several
Pythagorean triples in sexagesimal notation.

In the face of such evidence for familiarity with the triangle and its properties from so many
advanced Eastern civilizations, how did a paper fatuously alleging that the triangle was a
mani festation of AWestern cul t ureasbnisithatgnerecena |l i s
decades academe has for various reasons, including direct subornation first by Russian and then by
Chinese Communism, adopted a narmwnded, intolerant, totalitarian, antVestern prejudice.

5. Legal i st anti hypotghedasi sa: gfl ®lboald alc rwasri mion

Antihypotheses arising from superstition or prejudice, such as those described above, are these days
less likely to prove harmful than those arising from legalism. Consider the notion that anthropo
genic global warming is a global si$ demanding urgent and very costly intergovernmental action

to mitigate it and thus to prevent Athe end o
et al., 2007).

At minimum, the four logical sieves recommended in Popper (1934) should hedajgpevery
such notion that is presented for peer review in a scientific journal or promoted by profiteering
legalist lobbygroups to generally innumerate politicians and civil servants.

Popper 6s f i r =dnsiseemcetese: t he | ocal

The internal logcal consistency of a theoretical system may be tested for the presence of any
inherent contradictions. Socratic elenchus tests for logical consistency by contrasting the conclu
sions of two arguments. In logic, an argument is a formal system comprisgagiabne declarative
premise and a conclusion. If the premises entail the conclusion, the argument is valid but the
conclusion may or may not be true and the argument may or may not be sound. If the premises
entail the conclusion and are all objectivelye, the conclusion is necessarily true and the argument

is described as not only valid but also sound.

To test an argumeitt for local consistency by Socratic elenchus, the premises of a second, related
argument® are put to the proponent @f for asent. If & is well chosen, that assent will be
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willingly granted. The conclusions of and0 are then compared and demonstrated to be mutually
inconsistent. The localonsistency test having failed, the conclusions of eitherd or both must

be regcted, in which event, @ is well chosen, the proponent®fs compelled to concede thats
untenableExempli gratiathe localconsistency test will now be applied to the climate debate.

The notion that unmitigated anthropogenic warming may pataclysmic is asserted to be a
scientific proposition. It is fostered by legalist scientific societies worldiidgalist because they

are signally intolerant of dissent. Many such societies have issued tendenticssrsetff and

more or less hystmal statements about global warming, as have numerous national, international
and gl obal entities, including the United Nat
the Intergovernmental Panel on Climate Change.

IPCC presents itself as a sciemtiiody producing authoritative scientific reports but is in reality a
political entity founded at the instigation of a Communist resident in China, which has since
profiteered greatly from the extensive transfer of enémggnsive manufacturing industrigs it

from Western nations where-ihformed globaiwarming mitigation policies have rendered bulk
consumption of electrical power in manufacturing unaffordable.

If the notion of anthropogenic warming sufficient enough to be potentially catastrophic were
scientific, it would be consistent with the scientific methodologies asserted by its advocates. That
notion depends upon the propositidrthat that temperature feedback response is the cause-of two
thirds to threequarters (at the extreme, up to nieeths) of all warming, and, therefore, of a
similarly | arge fraction of the very broad ar
predictions. For instande

ANoncondensing greenhoux8% of ths ®tal,terresthal c h a c ¢
gremhouse effect, € provide the stable tempe
levels of atmospheric water vapor and clouds via feedback processes that account for

the remaining5%of t he greenhou@leffectodo (Lacis et

Recall the universalit of truth. Feedback formulism applies to all dynamical systems, from the
electronic circuits for which and through which it was originally derived to climate. Therefore, we
may offer to the adherents of the current orthodoxy the reference propdsitiat the feedback
formulism applied to the climate must be consistent with the -éstablished, definitivety
demonstrated norms of control theory, the physics of feedback processes in dynamical systems,
from which climatology explicitly borrowed and intedized feedback formulism in the 1980s. Our
interlocutors must, if they wish to be regarded as scientifically credible, assent to that proposition.

Once they have done so, we are in a position to draw their attention to an inconvenient truth. For a
substatial inconsistency, with grave consequences, subsists between official climatology and the
wider scientific realm. Due to the barriers between overspecialized scientific disciplines, the
resulting flagrant error of physics went unnoticed until recently.

For when climatologists borrowed feedback formulism from control theory they did not understand
what they had borrowed. They erroneously defined temperature feedback as responding only to
perturbations, such as tijet direct warming forced by preindustrigieenhouse gases, but not also

to the o Rimesgreater input signal, the v ¥ emission temperature that would obtain near the
surface even in the total absence of greenhouse gases.

For instance, |l PCC (2013, pl 1450) defines a

i ainteraction in which gerturbationin one climate quantity causes a change in a
second, and the change in the second quantity ultimately leads to an additional change
in the first. A negative feedback is one in which the iniafturbationis weakened ¥

the changes it causes; a positive feedback is one in which the pattakbationis
enhanced. In this Assessment Report, a somewhat narrower definition is often used in
which the climate quantity that igerturbedis the global mean surface temperafur
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which in turn causes changes in the global radiation budget. In either case, the initial
perturbationc an ei t her be externally forced or a
[ Aut hor s emphases]|

| PCCOs definiti o perturbatioreas tteamvér pf femdbarchui is silent on the
emissiontemperature feedback response. The definition should read:

ATemperature feedback,in Watts per square meter per Kelvin of emission temperature
or a perturbation thereof, inducesfeedback responsdn Kelvin. Positive feedback
amplifies output; negative feedback di minis

The equilibrium temperature in 1850 was thep ¥ observed global mean surface temperature
(Morice et al. 2020). Climatology imagines that the emission temperature that wouldnaatathe
surface in the absence of greenhouse gase®i®. The natural greenhouse effect is thenahe
difference between these two. The direddyced warming by the preindustrial noncondensing
greenhouse gases present in 1850, before our infllieoeene appreciable, was approximatgty.

These are values derivable from mainstream climatology and planetary physics. Thus far, there is
little argument between adherents to and dissenters from the orthodoxy on climate.

However, climatologists erronesly drew from the above agreed quantities the erroneous
conclusion that theo ¢+ natural greenhouse effect comprised just two componentsythe
reference sensitivity directly forced by the preindustrial greenhouse gases endeedback
response theretd he implications of this conclusion were that feedback response was about thrice
the reference sensitivity to which it was a response; that, therefore, the eventual warming by (or
equilibrium sensitivity ECS in response to to) the + direct or referene warming RCS by
doubled CQ would be approximatelg @@ 1 +; and that, therefore, unless the West were shut
down there was p 1 probability that the Earth would come to an end by 2100 (e.g., Dietz et al.,
2007). Sure enough, current models (Zelinka gt24820) predict that thp + reference doubled

CO, sensitivity will become close to + equilibrium doubledCO, sensitivity ECS. Climatology,
therefore, implicitly assumes that unit feedback response ismearant with global temperature.

Climatologigs had unfortunately, and expensively, neglected the observably fact that the Sun is
shining. For in any feedbagkoderated dynamical system the feedback processes must necessarily
respond not only to perturbations in the input signal but also to thesigmat itself. In the climate,

the input signal the overwhelmingly predominant temperature signal, representing almost nine
tenths of current global mean surface temperdtusethe¢ v b emission temperature that would
obtain near tihthe absencd di @ng greenhouseagases, simply because the Sun is
shining.

It follows that theo ¢+ natural greenhouse effect was the sum of not two but three components: the
Y+ natural reference sensitivity forced by the preindustrial noncondensinghgtesengases, the
feedback response thereto, and the far larger feedback response to hemission temperature.
Therefore, the equilibrium sensitivity to doubled CE&CS) is noto @ 1 + but more like
cuvvocgfcuvuy p+. This result, like that of climatology, assumes ramariance of

unit feedback response with temperature. However, it is possible to verify that unit feedback
response is indeed neawvariant with temperater across the narrow interval from emission
temperature to current temperature.

For much the same ECS as was obtained above from preindustrial data may also be obtained by the
distinct energybalance method (first described in Gregory 2002) applied tothesirial era, using
recent, midrange, mainstream data from 186R0. Foro®¢ 7 | ¢ doubledCO;, forcing (Zelinka

et al. 2020)0& 7 | ¢ net period anthropogenic forcing from all causes (NOAA Annual Green
houseGas Index: Butler et al., 202198t 1+ period observed global warming (HadCRUT5: Morice

et al. 2020),;@ ¥7 | ¥ Earth energy imbalance (von Schuckmann et al. 2020) ang the
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anthropogenic fraction of period warming and hence of Earth energy imbalance (Wu et al. 2019),
ECS is as follows

aoan bl "8 - 2)
d 8 b1 18

The two corrected results, obtained by different methods, cohere, confirming not only that unit
feedback response is neavariant with temperature but that it is negligible. Wittie error, feed
back response may safely be ignored altogether in deriving equilibrium sensitivities.

Wit hout the error arising from the inconrnsi st e
nition of feedback and the definition universally bgxb in describing all other dynamical systems,
the climate fiemergencyo vanishes as though it

CORRECTED BC" hitiel
IN COMMON / acis et al., 2010)

SUNSHI Hansen 1984

DATA SOURCES Natural greenhouse effect
to 1850 ‘(’Lacis etal., 2010)

Feedback response 32C°=8+2

Feedback \
8+24)x0.75= o
(‘/yﬁ-(8+24;x0.08-24c loop 287 K =2::+8+24
/x 1850 temp. (HadCRUT4)
System-gain factor

FeedbackiTittion Unit feedback response
(8+24)/8=4 74(604)=0.75| (@+24/8-1=3

= 282191 |0.08-24/(25:+8+24) — 2824 _1=0.1

Figure 13. Climate feedbaeamplifier block diagram. Erroneous values are in red; the
emission temperature neglected by climatology is in yellmwrected values are in
green; values common to the erroneous and to the corrected approach are in dark blue;
data sources are in bright blue. Values are rounded for clarity.

Figure 13, a simple contretheoretic block diagram for feedback amplificationthe climate,
demorst r at es t he di fferences bet ween climatol o
temperature fedwhck response and the corrected position. It will be seen that climatology, misled
by its misundestanding of control theory, has astated the unit feedback response by a factor 30,

the fraction of equilibrium output represented by feedback response by a factor 10 and consequently
the systengain factor, and thus equilibrium sensitivity, by a factor 4. These -ofd@agnitude
errorsmisled climate modelers into expecting, and hence predicting, approximately four times as
much global warming as is scientifically tenable.

How did so gross an error, with such grave and costly consequences, ever arise? Before sufficiently
well-resolved skellite radiative flux densities and stratified bathythermographic ocean temperature
profiles became available in about 2010, the enbadgnce method was incapable of constraining
equilibrium sensitivities reliably. Likewise, no response to any feedpemtess can be quantified

by measurement, and even the aggregate feedback response could not be empirically derived.
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Accordingly, when feedback formulism was imported into climatology in Hansen (1984) and
Schlesinger (1988), a frame of referencetopmvida basi s for testing mod

Since satellites had measured the total solar irradiance as 1365 \&hdanthe mean terrestrial
albedo as 0.3, climatologists were able to derive emission tempedRatuieethe StefarBoltzmann
equation(2), in which the eponymous constant is 5.6704 X ¥ m'> K'* and the divisor 4 is the
ratio of the Earthdés surface area to that of

g ° ) ©)
1 3 €

Even here, climatologists perpetrated an elementary error. They did not realize that at emission
temperature the absence of greenhouse gases in the air would remove the clocisy ted
albedo tor.

Correcting this further error increases emission temperaturegfrono ¢ X ¢, and thus halves the
natural greenhouse effect framncto p ¢, halving the systergain factor (the ratio of equilibrium

to reference sensitivity) fromm @@ T top g ¢, correspondingly halving all globatarming
predictions, even before taking account of the major error of neglecting the feedback response to
emission temperature.

Once the correction of <cl i mat ol eoiggades thenpeefiser e |
value of emission temperature is irrelevant: it is so much larger than the direct warming by
preindustrial noncondensing greenhouse gases that any value; from x  may be adopted

without altering ECS.

Once climatology had madeete errors, it tuned its models to predict equilibrium sensitivities of
about T +, consistent with its erroneous systgain factort. Then, when the satellite and
bathythermograph data became available, allowing the etalgypce method to yield a far
simpler, far more robust and far less alarming equilibrium sensitivigy-@® +, climatology had
already set its heart on the high equilibrium sensitivity that had arisen from its errors.

Climatology was, therefore, unwilling to accept that the inclusiotie large feedback response to
emission temperature as a component in thgo @ natural greenhouse effect, with a
corresponding reduction in the feedback response to direct warming by preindustrial noncondensing
greenhouse gases, provides a simple and robu:
global warming may be liebly subjected to falsification.

It is further demonstrable that the genamiatulation models of climate, though they have many
uses, are valueless for predicting the evolution of global temperature in response to a forcing.

First, the published estates of the feedback fractiG@derived from the models fall on the interval
mihp , implying systengain factorso p "Q on the interval phtb, rendering equilibrium
sensitivity the least weltonstrained quantity in the entire history of physics.

It is this broad interval otincertainty that compelled climatologists to carry out the erroneous
preindustrial calculation, neglecting the large emissenperature feedback response, that led
them to imagine that equilibrium warming would be four times direct warming.

Secondly, te models are required to solve the NaxB8&wkes equations-{gure14) for each of half

a million atmospheric cellp Tt &M x p T KM x p km, and to do so repeatedly in a sequence of
small, successive timgteps over periods of up to several centuries, thpub of each timestep

serving as the input to its successor. The chief processes being modeled, such as the resonance o
the individual CQ molecules on interaction with photons in the principal absorption band gf CO

or the Svensmark nucleation of wat@por molecules to form cloud droplets, of course occur at
subgrid scale. The models do not capture them and must parameterize them. In modeling,
Afiparameterized is a |long word for Aguesso.
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The Navier-Stokes equations
Time t, pressure p, heat flux g, density p, stress t, velocity components (u, v, w),
total energy Et, Reynolds number Re, Prandtl number Pr
o dp  d(pu) 0d(pv)  Od(pw) _
Continuity: TR i =
. 0(pw)  A(pu®)  Ad(puv) d(puw)  dp 1 (0T 0Ty 0Ty
X-momentum: T % e s R\ ox - 5 =
. 0(pv) d(puv) Ad(pv?) ad(pvw) dp B/ dT., 20T 0T,
-momentum: = —— Y, 2, x
Y at ik 0x L dy i 0z 6y+Rer 0x u dy %5 0z
. 0(pw)  Od(puw) 0d(pvw) a(PWZ)_ dp 1 (0ty, 01y, 01y
Z-momentum: e 5 RrRe Re:\ o + 5 —
0(Er)  0(uEr) 0(vEr) OWEr)  d(up) d(wp) d(wp) 1 (dq, dqy 0q,
Energy' at s dx * dy ki dz 0x dy 0z RerPrr<6x dy az)
+Rtr aa—x(urxx + vy + WT,y) + aa—y(urxy + vy, + WTyZ) + %(urxz + vty + wrzz)]

Figure 14. The NaviefStokes equations

Thirdly, there are so any adjustable parameters that any desired output may be achieved, whether
or not that output bears any relation to observed reality. In fact, because climatology has not yet
realized its chief erroii forgetting that the Sun is shining and would genereteown large
feedback response even in the absence of any greenhouse gases at thie ioufs@30 the
Intergovernmental Panel on Climate Change predicted two and a half to three times as much
anthropogenic global surface and lovwposphere warming fro 19922020 as was subsequently
observed, and similar overstatements have been observed insoctae temperatures, in mid
troposphere temperatures and in butposphere temperatures.

These numerous and grave overstatements have been very widggrtetdeSo refractory are the
complex partial differential equations of Nawvietokes that no close€drm solutions to the
equations have been found: indeed, the Clay Mathematical Institute offers $1 million to anyone who
can find such solutions. In thesmce of closefbrm solutions, it is necessary to attempt to solve
the equations numericallya highly uncertain process.

Fourthly, any uncertainty in the initial conditions of any genenalulation model must propagate

in quadrature through each sassive timestep. Frank (2019) demonstrated the devastating effect

of propagated uncertainty in just one of the thousands of initial conditions in the madldels W

m'? annuallyaveraged uncertainty in the lestoud fraction. This one uncertainty exceeternst 1

W m'? total predicted annual anthropogenic signal by two orders of magnitude. Propagated over a
century, this single uncertainty leads to an uncertainty interval of at Igast,+so that any
prediction falling within that capacious uncertairggvelope is statistically meaningledsigure

15). Whatever else the models can do, therefore, they are formally demonstrated to be incapable of
predicting global temperature.

It is for reasons such as these that serious scientific observers do noeaonsid | i mat ol ogy
generalcirculation models in equilibriumsensitivity studies to be worthwhile. Yet the entire case

for concern about our influence on the climate is founded upon the outputs of these models, even
though it is formally demonstrateabt only that they are incapable of making any statistically
meani ngf ul predictions but al so that their 0
control theory as they are inconsistent with observed warming, of which there has been none at all
for six or seven years.

Science of Climate Change 33



PROPAGATED UNCERTAINTY in global - RCP 8.54
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Popper 6s secondcormsistansyéest t he exter nal

Poper 6 s s e c o0 n dhe sepagation of éhe thygothlesss into its empirical and its logical
elements, making the logical form explicit, whereupon it can be tested to determine its consistency
with the wider principles of logic. A dozen commoragsertedantinypotheses concerning the
extent of Manés influence on the terrestrial

1. A Ni nsevery percent of scientists agree: climate change is realkmaxde and
dangerouso (tweet faccounm, 204B). Obamads Twitter

2. The consensus should be accepted because it is a consensus of experts (Anderegg et al.
2010).

3. The consensus should be accepted because it is a consilience of evidence (Cook et al.
2013).

4. Only a strong warming effect from G@xplains60yar s 6 war mi n giguel PCC 2
SPM.6).

5. Global warming is accelerating, so we are to blame (IPCC 2007, Fg§Qre 3(1)
caption).

Global warming endangers polar bears as a species (EPA 2009).

filndications é confirm t hat otearcheaivaomtdntds i s w
i ncreasing, €0 (UK Committee on Climate Ch

8. CO, concentration has risen; warming has occurred; therefore the former caused the latter
(massmedia reportspassin).

9. Global warming caused storm Sandy and typhoon Haiyan {medgreports,passin).
10. Melting Arctic sea ice indicates manmade global warming (IPCC 2013, SPM).

11. Those who spurn the consensus are paid by fhsdilinterests (massedia reports,
passimn.
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12. Those who spurn the consensus should be executed (academics antk pyessps,
passin).

It is telling that, though these dozen antihypotheses embody the pretexts most commonly advanced
for drastic intervention to mitigate global warming, only the first is expressed quantitatively. It is a
Tweet from the account of Mr Obanthat appeared shortly after publication of Cebkl. (2013),

in which it had been falsely alleged that®P of p fw T tlimaterelated papers published in the
reviewed journals over the 21 years 1291 1 had explicitly stated that recent global wagnias

mostly anthropogenic.

The anti hypothesis that a Aconsensuso ha&atd bee
a. (2013) , who exami mduwlt eBstracts arsl found that Caeft al had |
themselves marked only tabstractsor T@p of the entire sample, as stating that that recent global
warming was mostly anthropogenic. Examination of thpapapers demonstrated that omlypof

the 1 orr@P of the entire sample, had thus written. It is for this reason, among many; titla¢rs
argument from an alleged consensus, even of alleged experts, has no place in the scientific method.
Indeed, its deployment indicates not sound science but interference with and politicization of
scientific reasoning and argument by circumventingftimmerly universal academic requirement

that any proposition, however fashionable or venerable, only gains acceptance by little and little,
and only after prolonged and searching scientific scrutiny.

At first blush, it may appear that the remaining 11ppsations will prove more difficult to falsify,

since they are qualitative rather than quantitative. However, all 12 propositions share a common
characteristic, not immediately obvious, by which each is shown to be an antihypothesis. Like the
first, they ae all instances of logical fallacigs categories of specious argument in which the
premises do not validly entail the conclusion. Some 2350 years ago, Aristotle (c. 350 BCE,
translated by Pickar@ambridge) first categorized the dozen commonest fallaciebuman
discourse in hiSophistical Refutationg he medieval schoolmen would later give them their Latin
names. The 12 commonfsserted antihypotheses about climate change enumerated above are
instances respectively of

1. The headcount fallacyaigumentum ad populumin that the fact of a consensus
supposing that it exists at all, which should not be assumed and is in the present instance
proven falsé demonstrates neither the truth nor the falsity of the proposition to which its
supporters areasd to adhere;

2. The fallacy of appeal to authoritgrgumentum ad verecundigin that even those with
reputations as experts may be inexpert, prejudiced or simply wrong;

3. The redherring fallacy &rgumentum ad ignorationem elenghhe fundamentafallacy
of relevance, in that insentient evidence cannot hold opinions and, in any event, points
both ways on the climate question, as the earlier inteoraistency test demonstrated;

4. Argument from ignorancea(gumentum ad ignorantianin that unaweeness of a natural
cause of observed warming does not demonstrate that there is no such cause;

5. Argument from false causedn causa pro cau$an that some or all of observed global
warming may be of natural origin, so that, if some of the industréalvarming were
natural, the industrisggéra feedback fraction might be still less than tt@ vderived
above;

6. Argument from misplaced pityaigumentum ad misericordigmin that the polabear
population is growing robustly, particularly where the thrdhas warmed fastest, as a
report for the World Wide Fund for Nature inadvertently revealed in 2002, and polar
bears survived the last interglacial, which was appreciably warmer than the present;
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7. Circular argumentgrgumentum ad petitionem principiin that the ocean heat content is
calculated from measurements of ocean temperature. Increased ocean heat content is thus
a consequence, not a cause, of diregtBasured ocean warming.

8 The nafter, t her e fpost leoc dyge praptesoestibsdeaek oféhe y  ( t
non causa pro caustallacy), in that correlation, though it may be suggestive of eorre
lation, does not necessarily entalil it;

9. Inappropriate argument from the general to the particular (argument from accident or
argumentum a dict simpliciter ad dictum secundum qyidn that the slow rate of
observed global warming rules out attribution of any recent extresa¢her event to
warming (IPCC, 2012passim IPCC, 2013);

10. Inappropriate argument from the particular to the generguaent from converse
accident orargumentum a dicto secundum quid ad dictum simplj¢iterthat Antarctic
sea ice has recently been near a sat@lidemaximum and global s&ze extent shows a
rising trend since 1979 (Parkinson 2019);

11. Assault on lhte personal attributes or reputation of the scientist rather than on the sound
ness of his argumenarfgumentum ad hominena, disfiguring subspecies afnoratio
elench) i n that what matters scientifically
soundness of his scientific reasoning and argumentation, not his supposed character
defects or the sources of his funding; and

12. The argument of forceafgumentum ad baculynin that, as Nazi and Soviet precedents
have demonstrated, the brutal mistreatinof those who disagree on scientific grounds
with the legalist position is an extreme, unwarrantable and sometimes fatal interference in
academic freedom.

All of the above 12 propositions are antihypotheses because they are logical fallacies fromowhich
conclusion can be drawn except that their proponents are insufficiently educated" Eimel h2ost
dismal argument, thargumentum ad baculums of particular relevance to the debate about
climate: for legalists demand that authors of research ssicheapresent work should be tried,
imprisoned, reeducated, sent to psychiatric institutions or even executed. A&xtwustive list of
such demands over the past dozen years is at Annex A.

Popperds third sieve: consistency with exis

The third sieve is the comparison of a new hypothesis with existing hypotheses that are either
demonstrated or at least not yet disproven after expression in scientific and preferably quantitative
terms in a learned journal, followed by a reasonable period forfals c at i on . Climato
of deriving the temperature feedback fraction is inconsistent with control theory as enunciated, for
instance, in Black (1934) or Bode (1945), and inconsistent with experiments commissioned by the
author of the present workt a government laboratory, in that it errs by neglecting the emission
temperature feedback response and thus inadvertently adding it to, and miscounting it as though it
were part of, the actually minuscule feedback response to direct warming forcecpbsinidestrial
noncondensing greenhouse gases. Therefore, either thexigtiag and formallydemonstrated
feedback theory is incorrect (though it is of course \@sthblished and its essential characteristics

may be demonstrated using a simple electrégedbackamplifier circuit as an analog computer) or
climatol ogyds current basis for 1its ,phighdsi cti o
inconsistent with existing feedback theory.

Popperds fourth sieve: empirical fal si ficat

The fouth sieve is the testing of the normative or null hypothesis by the empirical application and
consequent falsification of the conclusions derived from the alternative hypothesis. For empirical
experience, in the Popperian analysis, cannot tell us whicbtlsges are true, but it can tell us
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which are false. It is already clear that the central predictive hypothesis advanced by IPCC with
what It call ed Asubstanti al -sgoare$ treddeon the anthron 1
pogenic fraction of thesatellite monthly mean lowdroposphere temperature anomalies (UAH,
2021) is equivalent tp® + century® (Figure 16) during the 30 years 192D20, about a third of

the o8 + centur)'/1 midrange estimate of originally predicted by IPCC (1990) but-rdsantical to

thep® + century’ corrected midrange estimate derived earlier during the inteamesiistency test.

IPCC (2013), though compelled to halve its medienm predictions frono& to p& + century?,
has not made corresponding reductions inlatsrterm predictions of equilibrium doubledO,
sensitivity.

UAHv6 global mean temperature change: 360 months January 1991 to December 2020

CO c o
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Figure 16. Of thep® q century'-equivalent global warming trend observed over the 30 years
1991-2020,x 1, or p® U, was anthropogenic, ortbird of what models had predicted.

6. Legal i stic anti hypotelfidsicg: vieMi ti gation i s cc

The economic case for mitigatingoblal warming asserts that the welfare benefits of immediate
mitigation of allegedly catastrophic global warming exceed the welfare losses anticipated from later
adaptation to its consequences. Stern (2006) set out the premises:

1. Unmitigated global warming it be o + in the 2£' century, costingr-ob of GDP.

2. Since Stern estimated that*2dentury warming may reagh p+ by 2100, his estimated
probability that global warming will end the world by thermi (Dietz et al.2007).

3. To prevent the end of the wdrla submarket intertemporal discount rate@®P (rather
thanamidnar ket rate such as the U.S. Treasuryb
measures to abate global warming.

Stern concludes from these premises that glalaaiming mitigation is nbonly justifiable but
mandatory on grounds of preventing extinction. Applying the falsification principles enunciated
earlier, we may examine Sternb6és quantitative

In economic terms, intervention to abate greenhgaseemissiongind thus to mitigate global
warming is only justifiable if one assumes a significant probability that unmitigated anthropogenic
warming will end the world by 2100. In the light of the findings discussed here, that probability is
actually zero. Therefore, standard intertemporal analysis, such as the following very simple but
reliable analysis, is permissible.

The welfare losses and benefits of achieving globakzesi CQ emissions by 2020 will now be
assessed. The first question is this: If the worldewter cease to emit Gy 2050,how much
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global warming would be forestalled? What would be the direct welfare benefit irei@iSsions
abated by that policy?

Businessas-usual CO, concentration by 20501 if CO, concentration continues to grow unabated
asit has throughout recent decadesould rise front p ppmvin 2020to  ppmv in 2050.

CO;, concentration by 205Qwith astraigii i ne reducti on from 202106s
in 2050, would bet p v T W X¢, or ppmv.

The CO; forcing coefficient, at midrange, is the ratio of the currenéigtimatedo® ¢7 i
doubledCO; forcing (Zelinka et al. 2020) to &:i.e. 8

The CO, forcing abated over the 3@year term would then bey8tx Wit vip wyx or
8 ni 8
The industrial-era equilibrium-sensitivity parameter is the ratio of the eglibrium anthre

pogenic warming ofrgo C° from 18502020 to theog 7 i anthropogenic forcing: i.e.,
™ T |
Equilibrium warming abated by global net-zero emissionss the product ofi® y# ¥ | and

ther@ 17 |  forcing atated by 2050is8 C°, or less than oneighth of a degree.

With the principal welfare benefit quantified and found to be negligible, the welfare losses arising
from the policy may be assessed. Here, for simplicity, only the direct cost of the wdlibe
assessed. We shall not consider the far larger indirect costs caused by overpriced fuel and power, as
well as by environmental damage from lewergydensity wind and solar power and by prevention

of affordable and dispatchable electrification ttee billion people who cannot so much as turn on a
60-Wa t t l' i ght bul b for four hours a day (the |
definition of fAaccess to electricityo).

The cost of buying a barely measurable reduction of just8 C° in global warming can be
estimated from the (probably optimistic) estimate by HM Treasury that the cost of achieving net
zero in the UK, which accounts fo@ @ of global emissions, would rise frodp ubillion per

year in 2020 t& billion per yearin 2050. The Grid authority estimates the realistic cost of net
zero as almost three times the Treasury estimate.

The discounted cost of netero for the UK along assuming a straighine inflation-adjusted cash
increase fronZp ubillion p.a. toZx mbillion p.a., discounted at a commercyg p.a., would be
Z billion at present value, or at leasttrillion i f t he Grid authorityos

The discounted cost of attaining global nezero by 2050would beZv urillion (A trillion) , or
more likeA trillion basedonthe Gridauthda t y6s esti mat e.

The cost of abating C° of global warming would thus exceedt T trillion (A trillion) . The
cost of abating& C° currentlyprojected ECS would exce&p® quadrillion (A 8 quadrillion) ,
orupto$ quadrillion iftheGridaub or i ty i s right about the Trea

These very large welfare losses do not purchase any net welfare benefits, for there will be far too
little warming to cause net harm. Therefore, there is no statable case at all for emissionsaibateme
The slow and modest warming that is foreseeable will béemtficial, and the very heavy welfare

loss occasioned by the direct cost of abatement would exceed any legitimately foreseeable welfare
benefit.

In the light of these results, the economisecdor concerted international action against -cata
strophic global warming no longer exists.
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7. Discussion and conclusion

Postmodern or totalitarian scientism has its origins in the modernist movement that emerged from
the writings of Rousseau and the FaleriRevolution and was condemned by Pope Pius X (1907) as

the heresy of heresies, in that it repudiated the existence of objective truth. The modernist
Weltanschauung s encapsul ated in Feyerabend (1987):
Basicallyyanyt hi ng goes. Truth and meaning are inte
i ndi stinguishable from t {Eathefszwdha asderit thad what theytseex t
and feel is more reliable than what is scientifically observeaabjectively deduced.

Kuhn (1970) denies that science is a discipline in which understanding of the truth grows by little
and little. ifScience comes in cycles that we
[ paradi gm] superBetdess@natbdei nbeApdeted in a
political outlook or worldview of the scientist. Poshodern aprioristic scientism, then, echoes
political and religious modernism in maintaining that there is no such thing as objective truth, on
the undisciplined ground that every observer is subjective and may please himself as to the answer
to Pilateds question.

Postmodern scientism is an assault upon and a denial of science itself, motivated by a desire to
replace scientific discipline andgar with an aprioristic paradigm. Paul Johnson, inHigory of

the Modern Worldar gues t hat moderni smds i nt anodemyr enc e
aprioristic, totalitarian scientism arose in part from a semantic confusion between relativity and
relati vi sm: on the one hand, Einsteinds rigo
antithesis of rigor that is the pleageo ur s el f mor al ni hilism inhe
AAnyt hing goeso.

If there were no objective truth, one importaasualty would be the fundamental principle of logic:
namely, that every proposition that is objectively true is consistent with all other truths and
inconsistent with all propositions that are objectively false.

Hume's philosophy spotlights a contraiotinherent in traditional empiricism, which encompasses
the zetetic notion that experience is the source of all knowledgeeijentia docgtas well aghe
empirical notion that experience is the instrument by which universal scientific laws aredalsifi
The contradiction is rooted in the notion that, although experience isemolea, it can definitively
establish the truth of scientific laws.

Popper removes the contradiction by asserting that scientific hypotheses are not inferred from
experience bynduction, nor are experiments conducted to establish the truth of a hypothesis, but
only to establish its falsity. If a hypothesis fails, it falls. If it be not shown false, until it is falsified

or a better hypothesis survives falsification it may keined as a working hypothesis. To the
extent that it is demonstrably true, as the theorem of Pythagoras is true in the Euclidean and
hyperbolic domains, it must be accepted.

Above all, the value of the Popperian scientific method lies in its exclusitre afrational. By the
mechanism illustrated hefeoutright rejection of merely superstitious or legalistic antihypotheses,
dismissala priori of predictions calculated to be unfalsifiable in a reasonable timeframe, exposure
of internally inconsistent ppmsitions, reformulation of unspecific, illogical or unquantified
hypotheses in a rigorously logical and quantitative form that also identifies prospectively the criteria
for predictive success or failure as in prospective clinical trials, comparisore adltdrnative
hypothesis with the null hypothesis to establish whether anything new or better is offered, and
finally deductive, experimental testing of the corresponding null hypotiestsence, including
legalist climatology, may rid itself of antihypieeses and shake off the politicized interference that
now menaces it.

If the four sieves that constitute the stages in Pofgigification had been followed with no less
rigor than has been attempted here, the error would not have survived.
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How did theerror persist? Here, the answer seems to be political rather than scientific. Global
warming is one of a growing range of topics on which legalists, in academe as well as in politics,
have adopted a Party Line, have then demanded no dissent from it,v@ntiniaily sought the
punishment and even execution of all who question it (Appendix A).

The climatechange episode thus serves as a warning that, in academe, internal no less than external
political interference with the freedom of scientific enquirtoi®e firmly resisted.

A brief history -théoreticleiromsatAppeodxBds contr ol

The legalist antihypotheses underpinning the global warming storyline are close cousins of the
superstitious propositions about the origin and design ofGheat Pyramid, in that climate
predictions cast so far into the future that their makers will be retired or dead before they can be
falsified are no more susceptible of Popfasification than speculations about the existence and
terrestrial interventiam of gods or aliens. Science should as readily reject the former as the latter.

Yet, to take one example, the Royal Society has said it will only reconsider its avowedly extreme
propaganda stance on the climate question if there has been no warminigpratvadtthirds of a

century, when all current Fellows of the Royal Society will be safely dead. Their successors, if the
Society survives, will surely look back in bafflement at the sullenlysméntific determination of
asotrdisantscientific body,h e wor | dés ol dest at that, hype r eq!
thesis that was not empirically falsifiable within a reasonable timeframe, and is now proven false.

The elimination or reformulation of antihypotheses will assist in the-m@&nt ask of removing

internal as well as external legalist interference with academic freedom of thought, speech, research,
publication and argumentation, and restoring the paramountcy of the exercise by scientists of the
faculty of reason, regarded in traditad theology as the central property or charism of the soul. It is
that faculty that distinguishes our species most markedly from the beasts and brings us closest in
likeness to the Divine. Let us reclaim it, following the noble example of the long aewd&pl
scientific lifetime of the late Professor Niklas Mérner. How much we shall miss his merriment.
Never was such profound wisdom so lightly worn.
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Appendix A

Legal i stsd demands to kil climate skeptics,
In 2005

T

MargoKi ngst on, Daily BAafigtsaichl R earblsaps t here i s a <cas
change denialanoffendet i s a cri me against humanity, aft

In 2006

1

Bi |l | Mc Gui r e, Professor of ACl i mate &hdngéWéen
have Hol ocaust deni er s ; we have climatesahang
great de al of di fferenceo;

The Grist.com website called for Nurembstgle trials for climate skeptics (thougte article was

later retracted);

Hei di Cull en featured Dave Roberts, who said
gl obal war mi ng, when the impacts are really h
minimize the damage, we should have war crimes trials for thestartdsi some sort of climate
Nurember go;

Mar k Lynas, a figr eenod TheGuardema sohdonoldgalis newgpapér,l i s h
wr ot e: il wonder what sentences judges might
on those who will bgartially but directly responsible for millions of deaths from starvation, famine

and disease in decades ahead. | put [their climate change denial] in a similar moral category to
Holocaust denial except that this time the Holocaust is yet to come, amgtil have time to avoid

it. Those who try to ensure we doné6t wil/l one
Spiked Onlinereported that when a correspondent for the American current affairs 66how
Minuteswas asked why his various feature programglobal warming did not include the views of

gl obal war ming sceptics, he replied: il f [ d ¢
journalist to find a Holocaust deni er ?20;

The UKG6s Foreign Secretary sai d octheinevstmedias k e pt
following a muchpublicized article in th&unday Telegraphy the present author drawing attention

to defects in official climate science.

In 2007

T

T

The Weather Channel ds climate expert rificatiohed f o
withdrawn;

Ellen Goodman, in thBoston Globes a i d : fi L et @labal varnsiny desiers aretnémaoh a

par with Holocaust deniebs;

In an interview with KGW TV, Governor Ted Kulongoski of Oregon confirmed that he wanted to
take away th title of state climatologist from George Taylor on the ground that he had dared to cast
doubt upon the extent of Mands contribution to
Professor David Legates, the state climatologist in Delaware, received a letter from the Governor
saying his views did not coincide with those of the legalist administration and warning him that if he
spoke in public about climate change in future he must do so as an individual and not as the state
climatologist;

Robert F. Kennedy Jr. said of climate skepc s |, AiThis is treason. And
as traitorso (the penalty for treason is death
Yvo de Boer, secretary general of the UN Framework Convention on Climate Change, said that
ignoring the urgency of |Igllyo biarlr ensagp am snigb Iweocu;l d b
Dr . Gr o Harl em Brundtl and, a UN speci al cl i ma
guestiono the UN6s scientific opinion on cl i ma
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1

T

Dr Patrick Michaels lost his job as state climatologist in Virginia after the governdpladakdim he

could no longer use his official title when mentioning @pinions on climate change;

In June Dr James Hansen of NASA, in testimony before the U.S. Congress, demanded that skeptical
chief executives of fossfl u e | compani e sfor high crimpsuaigaingi humanityiaadl
natureo (the penalty for such crimes is death)

In 2008

T

The HeraldSuni n Australia ran an article revealing
il nternet for Everyoneo pr oj kB bodnatiotalzel assaupghiice st e
utility because, as a fAtech policy bl olpgaedr 6 ha
interestsandself nt er ested politicians is a bad ideabo;
Dr David Bellamy revealed that the BBC had ceased to use hinpessenter when he decided that

global warming was being exaggerated.

In 2009

T

Robert F. Kennedy Jr said at a Capitol Climate Action rally that Don Blankenship, then chief
executive officer of Massey Energy, acpat oduci ng cor por atti én,f offs had |
eternityo;

David Suzuki, a Canadian environmentalist campaigner, said government leaders skeptical of global
warming should be fAithrown into jail 0;

Alex Lockwood, a British journalism professor, said that writers questioning global wasinindd

be banned; a writer at Tal king Points Memo sa
jailed (he later retracted this remark); the WashingtonER@minerreported that climate extremists
have fia desire to ki ldforhapitaleptnisitmerdi omnd gt ab &le d wi
deni er so60;

The Talking Points Memo website carried, but later retracted, removed and apologized for an article
asking AAt what point do we jail or execute cl
Joe Romm, a former official of th€linton administration, wrote, under the headiigangle

Skeptics in bed, h a t AAn entire generation wil/ slmon be
you sleep inh yherUmbiedsosi tAy of t he West of En:¢
psychol ogi st so, l ed by a professor, expl ored
classified as a form of fmental disordero.

In 2010

1

James Lovel ock, i nventoldThe Guardidnh ei | i Gaaivee hy [ etel @ g
change may be an issue as severe as a war, so it may be necessary to put democracy on hold for a
whil eo0;

Dr . Donald Brown, P r o f RernsState Univérsity) decldarech shat skeplcds,h i ¢
who had cyesaed diekd a5 in acting to stop climate
againsthumabniy 6 (death penalty again);

Avideo from the #10: 1 0-skeptknoipldrengegobloenhup Wetdeir c | i m
teacher in class, and their classmates being spattered with their blood and guts (the campaign was
compelled to remove the video, but it was widely and uncritically reported in legalist news.media)

In 2011

42

1

1
T

An Australian journalistsdi c| i mat e skepti cs s h-icoosltamaikéenibr an
out from the rest of the popul ation; another A
Ecosocialism Canada described fAclimate deni al o
Profess r Ri chard Parncutt of the University of (
penalty for global warming deniers?0 but | ater
been reminded that in Austria hapeech is a serious, imprisable offence, then reposted it, then
withdrew it again, but only under threat of prosecution.
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http://www.guardian.co.uk/environment/blog/2010/mar/29/james-lovelock

In 2012

T Robyn Wil liams, on ASciernice §Howcanmpare8 rclimatel skepgids iton g 6 s
pedophil es, saying: i Now, gedddor chiidren ot that asbesios ig o u
an excellent inhalant for those with asthma, or that smoking crack is a normal part, and a healthy

one, of teenage I|Iife, to be encouraged? Youbdd
statements comingut of i nexpert mouths again and agai
about whafThe Economist al | ed #fAithe comforting myth that th
or, ifthereis,the. humans are not involvedo,;

at Wi dene

9 Dr. Donald A. Brown, Proles o r of ACli mate Ethicsbo
ty of a fAnew

decl ared that skeptics may be guil

In 2013

9 Dr Kari Norgaard, professor of sociological and environmental studies at OregenJataersity,
wrote a papecalling forthe treatment of climate denial as a psychiatric disorder;

T DrDonaldA.Bown, this time described as ASchol ar in
at Wi dener University Law School , in an arti
Campaign: What Kind Of Crime Against Humanity, Tort, Human Rights Violationfddahnce,
Transgression, Villainy, Or Wrongdoing I-s 11t?

paign is equal in destructive power to many human activities that are classified as crimes against
humanityo (death penalty again).

SELF-DESTRUCTING SABERS FOR
DISPATCHING CLIMATE-CHANGE DENIERS

ISN'T A HOAX. HOW DO
YOU EXPLAN ALL THESE

LOCALLY SOURCED HYDRATION DEVICES® BRAINTEASERS FOR DOGS

MUSTADD HEAT
TEMPORARY DOORSTOPS

SALLY, LET '™ BUSY, DAD!
ME IN! MAYBE IN AN
HOUR.

PROGRAM,

YOU CAN REDEEM ICICLES FOR MONEY. PLACE ICICLES IN A
SELF-ADDRESSED STAMPED ENVELOPE AND MAILTO
TICICLE STIMULLS,” (/0 U.S. GOVERNMENT, 1042

Figure Al. A Febrwary 2014 New York Times cartoon, Seéstructing Sabers for Dispatching
ClimateChange Deniers, showing a climate skeptic being stabbed with an icicle.

In 2014

1 Dr Lawrence Torcelloassistant philosophy professor at Rochester Institute of Technologe wro
that people who disagreed with him on the climate question should be ¢hitaty a February cold
snap,
1 TheNew York Times an a c ar t o-Destruttiegessdbersl for DiSpatthfng Clim&bange
Denierso and showi ng alwithlanicckeFiguresAlk epti ¢ being s
T Adam Weinstein at the gawker.com website said:
fines; they should face lawsuits from the classes of people whose lives and livelihoods are most
threatened by denialisttad ¢ s 0 ;

T Bill Nye, a broadcaster in the United States \
the idea of jailing those who disagreed with him on the climate question on the ground that they
wer e thAianfg elci s quality of | ifeo;
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http://uonews.uoregon.edu/archive/news-release/2012/3/simultaneous-action-needed-break-cultural-inertia-climate-change-respons

1 The host of M6 NB C®he Ed Showpromoted Soviestyle reeducation for climate skeptic
politicians by conducting an emi r pol I on t he qgdenyisgtRepulslicars ®d1 o u |l
forced to take a basic earth science course?0

In 2015

9 Katie Herzog at Gristcomwrate il f t hi s pl anet is to suwivive
have to stop reproducing. Yes, allofusn t hat spirit, I propose we ¢
hisid"bi rt hday o;

1 A comment on the webpage of tBeisbane Timesbout a category cyclone along the Queensland
coast on 19/ 20 February said: AThese type of
and be more intense with gl obal war ming é if
climate change denier, if any®r ;

T The Australian Capital Territoryés Arts Fund
development of a new theatre wokkll Climate Denier®, which, however, did notppear owing to
a public outcry;

1 The New York Time# an oped enitledThe Next Genocides, ai d t hat ACli mate 6d
an Aintellectual stanciettd@dmadsds uncomfortably

9 Scientists wrote an open letter to Mr Obama, who then occupied the office of President of the United
States, calling for those whasdgreed with their opinion on climate to be investigated, prosecuted
and jailed as racketeers under the RICQu&tat

9 During a propaganda event held in Court 1 of the UK Supreme Court in London, Philippe Sands, a
professor of international law at UnivegsiCollege, London, said that a ruling by a body such as the
International Court of Justice against climate skepticism would carry much more weight with public
opinion and would pave the way for future legases on climate change;

1T The ARiIing orfkOFiproestNeedt weon article saying, AThe
Humani ty] I nitiative need to include climate c

In 2016

1 Arnold Schwarzenegger, former governor of California, said in a YouTube video thditifians
wanted to take away the EPA6s ability to regul
exhauspi pe of a truck, turn on the engine and | ¢
whereupon YouTube received several repthts this video contained hateful or abusive content
but did not take it down;

1 Professor Joseph A. Palermo wrote in thdfington Post hat Apeopl e who di s mi
area shouldnodét be able to benefinbelievetheiscisnce e n c ¢
of gl obal warming is bogus then they shouldnot
Twitter accounts, the science of global positioning for their drones, or the science of nuclear power
for their weaponry. oo

In 2017

1 Eric Idle, once a comedianwifont y Pyt h o n 6drculatédyaitweet caling forcglolsal,
war ming skeptics to be put on trial at the Wo
against humanityo (ldl e bseaiifdddrhioesres owhofm dlei noaotr
fexecuted gentlyo or, |ike dogs, #Aput down hun

1 Rob Quistthe kegalist candidate to replace Ryan Zinke in the U.S. House of Representatives, said
during a televised debate during the speelattion campi gn i n Montana that ¢
something that the entire world needs to address and you know what, if any of you that feel like this
is not a problem, | challenge you to go into your car in your garage, start your car and see what
happens thereo;

1 John Gilkison, an astronomical technician at New Mexico State University, wrote a blog posting
about a fictional trial for crimes against humanity held at the International Court at the Hague, in
which various named climate skeptics, including the premathbr and President Trump, were tried,
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convicted and executed for their role in quest
eventually taken down, but not until it had received extensive worldwide publicity);

9 Brian Merchant inThe Outlires ai d A Cl i mate change deni al shou
[ Hurri cane] Har vey, itds ti merl dandholdthasevho dothe e n c €
denying accountable é Calll it what it isa: ne.
lightning rod that makes this clear: Climate <c

1 Mark Hertsgaard argued irhe Nationunder the titleClimate Denialism Is Literally Killing Usthat
Amurder is murdero and fwe tdhlrowltd aplmninegh rietad
Hurricane Harvey have amurdefeand it 6s not the stor mo;

M Brad Johnson, executive director of Cli mate Ha

response rules, o0 the tshiwhlo orf e jwddtc hs oviasn a e ifirp u
1 Jergen Randers, professor of climate strategy at Bl Norwegian Business School, wrote in the

Swedish daily newspape3venska Dagbladgi | f people donoét want my |

people are st upi tbdecidettteinfate and e shoeld iastall aocivreatd dictator

ship insteado:

T Rob Qui st, a AiDemocraticd congressional candi @
Representatives debate tbageptics of global warming should kill themselves.

In 2018

T ABritish environmentalist |l obby gr oupment@fFor um
three penal concentration camps for those fAcr |

of climate changebo: K e nditheésattelsland of New Bedland; Sout h Ge
1 The playKill Climate Scepticsvas shown in Australia.

In 2019

1 "nGeneration At omi co, a Communi st front group,
deni ersd as -bBarthera: par with f1l at

Antl SCIbnce Club
FigureA2 : i fim@lt e deni er seEarthers a par with f|
In 2021
1T Roger Harrabin, the BBC6s fienvironment anal yst
the 2040s.
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Further instances of irrationality on the climate question include the following.

46

T

1

JudyBari,amiEarth Firsto activist, sai d: nlf we don
of saving the world ecologically. o
David Brower, founder of AiFriends of t he-Earth

owl legislation is no differenthan people being out of work after the furnaces of Dachau shut
down. o

David Graber, a scientist with the U.S. Nati o
€ a plague upon our sel ves arhdmo sgpienshoulddexideEoa r t h .
rejoin nature, some of us can only hope for th
Prince Philip, consort to Queen Elizabeth |1 (
should like to return as a deadly virus, to contribute somethings ol vi ng over popul a:
Il ngrid Newkirk, president of AfPeople for the
research produced a cure for AI DS, web6d be ag:
died in concentration camps, lsui x bi Il Il i on broil er chickens wil/
Charles Wurster, a scienti st with the AENnvirol
all the problems. We have too many of them. We need to get rid of some of thenis dadrthlaria

epi demi c] is as good a way as any. o0 Mr Wurste
only kill farm workers, and most of them are N

Paul Ehrlich said: AGiIiving soci alenyofgvnganjpdiot a b un
child a machine gun. o

Brent Bl ackwel der , president of AFriends of t |
expect to have the material | ifestyle of the a
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Appendix B
Hi st ory of c lolitheceticoefroo gy 6 S c o n:

Fourier (1827) first posited the existence ofchaleur obscurdinvisible heat) in the atmosphere.
Tyndall (1868) reported laboratory experiments from 1861 confirming the greenhouse effect.
Arrhenius (1906) concluded that equilibrium ssitivity to doubled C@would be about degrees.

Temperature feedback operates analogously to voltage feedback in a feedback amplifier circuit, for
feedback formulism appliesutatis mutandiso any feedbacknoderated dynamical system. It was

in electroncs that the mathematical foundation of control théotkie physics governing feedback

in dynamical systemis was first laid. In 1927 Harold S. Black, then at Bell Labs in New York, was
going from Hoboken, NJ, to work in Manhattan on the Lackawanna kdrgn the feedback

equations came to hi m. He jotted them down on
diagram Black, 1934 hereFigure3) correctly shows the input signgland | abel s it 0
vol tageo. The equivalent i nput signal i n the

shows that thé feedback block, now usually labelgd modifies not only the signal from thd
gain block (now usually labelti), but also the input signgjitself.

Signal Output

m;?tut e —)G o node E Output

voitage ain bloc :

(hitherto signal

omitted

in climate FEEDBACK LOOP

science) ﬁ Based on
Feedback block Black (1934)

Feedback amplifier block diagram (based orBlack, 1934. The input signajg (analogous

to emission temperatuple ) is amplified by theH gain block. The amplified sign&i gpasses
round the loop, wherthe 51 feedback block further modifies it. It leaves the circuit via the
output node.

Bode (1945)again at Bell Labs, wrote a textbook on feedback amplification in electronic circuits,
which was published in annual editions tormyears. His block diagm also correctly shows the
input signal. At pvii, he defines the inputsigngd as t he #fAinput voltageo.

It is this input signal, the vbe mi ssi on temperature that I's  mi
definition of feedback and its consequeneistatements of feedback response and so of ECS:
Gain block

FEEDBACK
LOOP

EO

Input Summative  Output R Output
line |nput + 3Xinputnode  node > Qutput line
signal signal

B Based on
Feedback block Bode (1945)
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Feedback amplifier (based onBode 1945. The input signaE, (analogous to emission
temperaturdRy in climate) proceeds from the input line to the summative input Rgdand
thence round the loop viadlt gain andb feedback blocks to the output noBe and the
output line. Perturbations (in climate, reference sensitivities) are allowed for i gae
block; feedbacks (e.g. more water vapor in warmer air) modify the signal i fdezlback
block.

It was thus established at the earliest moment in the mathematical treatment of feedback in
dynamical systems that not only gogrturbationof the system but also the input signal is modified
by the feedback block.

Hansen et al. (1984Yxited Bode (1945) as ¢hauthority for feedback formulism. At this stage,
sufficiently reliable measurements of the Eal
energybalance method described in the learned paper were not available. Hansen, therefore,
attempted to quaify the individual feedbacks by the use of a genenaulation model. He
incorrectly used the term Asystem gaino for t

Aieé the ratio of the net fceargetbthectétal tpnoperatireco n o f
chang 0

Hansen et al. did not encompass in that definition, or in any of their calculations, any reference to
the fact that not only gerturbation but also the absolute input signialthe ¢ v ¥ emission
temperaturé drives a large feedback response.

Schlesnger (1988)c e ment ed Hansends error. | n petturbationb | o c k
g (i.e., a radiative forcing). However, there is no originating input signal from thexseng
state of the climate in the shape of the b emission temperate.

Summative
input node G Gain block
¢ 0 [ Output ATO
Pad!atlve node Output
orcing FEEDBACK LOOP signal
Feedback block

Feedback amplifier block diagrambased on Schlesinger (1988), omitting the input signal,
emission temperatur@,. The signalg® is a radiative forcing, driving perturbationof Ro.
The input signal itself is omitted. There is also a confusion nifs uoetween the input
(radiative forcing, in Watts per square meter) and the output (in degrees).

Since the natural greenhouse effect has a fixed magnitude of @abguegrees, overlooking the

large feedback response to emission temperature effectively that large response to, and
miscounts it as part of, the small preindustrial feedback response. In round numbers, climatology
follows Hansen and Schlesinger in assuming that there are only two components in the natural
greenhouse effecpd e g r e etsvarmidgiby peeindustrial noncondensing greenhouse gases, and
ctdegrees6 feedback r es po-gasdactarch@r e,twbere ainore | y i n
correct valuewouldbec v vo cIc v LY PP.

The American Meteorological Society (AMS, 2021uses a défition of feedback that likewise
overlooks feedback response to the initial state

ARA sequence of interactions that d @drt@-r mi nes
batiorno .
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Soden & Held (2006)also talk of feedbacks responding solelypterturbaions, but not also to
emission temperatuiie

AClIl i mate models exhibit a | arge range of s e
gases due to differences in feedback processes that amplify or dampen the initial radiative
perturbationo

Sir John Houghton (pers. comm2006),t hen <chai r man -sciéncelwBrking pasty, c | i n
asked why IPCC expected a large anthropogenic warming, replied that, since feedback response in
the preindustrial era accounted for thrpearters of the natural greenhouskeetf so that the prein

dustrial systengain factor wag, and one would thus expect a systgamn factor ofo or T today.

IPCC (2007, ch. 6.1, p. 354again overlooks the large feedback response tq@ theb emission
temperature:

AFor di f f e pedunbations, e relative anfagnitudes of the feedbacks can vary
substantially. o

Roe (2009)Jike Schlesinger (1988), shows a feedback block diagram vyjthtarbation)ukl as the
only inputi

input, AR Output, AR
- Reference system  f=p=—p»—

Feed-
N—— bt

Lacis et al. (2010yepeat the error and explicitly quantify its effect, defining temperature feedback
as responding only tohangesn the concentration of the preindustrial noncondensing greenhouse
gases, but not also to emigsitemperature itself, consequently imagining that ECS will be
times the& p degree direct warming by those gases:

AThis allows an empirical det er mi nadganon of
factor] as the ratio of the total global flux charigaghe fluxchangethat is attributable to the
radiative forcing due to the noncondensing g
i mplies that Earthés climate system operates
forcing-induced charges o f the condensable species. € no
constitute the key P of the radiative forcing that supports and sustains the entire terrestrial
greenhouse effect, the remaininglP coming as fast feedback contributions from the water
vapor and cl ouds.;ar thEgb solat itadianck dorcings, dodhictCtiae

direct noefeedback responses of the global surface temperaturpd&arand p®& degrees,

respectively, the tdegreesod6 surface warming implies re
systemgain factors] ob® ando8t 0

Schmidt et al. (2010)ind the equilibrium doubledC O, radiative forcing to be five times the direct
forcing:

AAt t heCOleoquwilleidbri um, the gl obal mean increa
x ¢ W |, significantly larger than the7 | initial forcing and demonstrating the over
all effectof thelongvave feedbacks is positive (in this

IPCC (2013, p.1450p ef i nes what Batesal(t2érli6rjg cfad ¢ &b dicslen
solely toperturbations which are mentioned five times, but not also to the input signal, emission
temperature:
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ACI i mat e Anénterddian ankvhich gerturbationin one climate quantity causes a

change in a second, and the change in the secarityuultimately leads to an additional

change in the first. A negative feedback is one in which the ipé&elurbationis weakened

by the changes it causes; a positive feedback is one in which the pattakrbation is
enhanced ¢é t hethatispemuebédes the giobal mean surface temperature,
which in turn causes changes i pertutbdtienc ghob al r
be externally forced or arise as part of int

Knutti & Rugenstein (2015) likewise male no mention of base feedback response:

AThe degree of i mb al a n pesturbation cam denascritbed taghe f ol | «
temperature response itself and changes induced by the temperature response, called
feedbacks. 0

Dufresne & St-Lu (2015)say:

A T hresponse of the various climatic processes to climate change can amplify (positive
feedback) or damp (negative feedback) the initial temperpartarbationo

Heinze et al. (2019%ay:

AThe <c¢cl i mat e chapgedndoming tlraughtagespons€his response can be
amplified or damped through positive or nega

Sherwood et al. 202@&lso neglect emission temperature as the pyirdaver of feedback response
i

AThe responses of t hes e wirniigarentarhedfeedbpck The m] CcC ol
constituents, including atmospheric temperature, water vapor, clouds, and surface ice and
snow, are controlled by processes such as radiation, turbulence, condensation, and others. The
CO, radiative forcing and climate feedback may alspesel on chemical and biological
processes. 0

The interdisciplinary knowledge gap prevented anyone in climatology from noticing the error. It has
not been possible to find a single climatological paper that specifically mentions the feedback
response to emsgn temperature, still less that quantifies it and correspondingly reduces the
feedback response to direct warming by greenhouse gases. The politicization of thectiangte
guestion, and the adoption of an avowedly extreme, alarmist stance by tharitotafaction in

politics, coupled with the growing suppression of all dissent both in academe and its journals and in
very nearly all news media, has ensured the perpetuation of the error and its severe economic and
strategic consequences for the West.
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What Controls the AtmosphercO, Level?
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Abstract:

The evolution of nuclegperturbed*’CO;, is used to determine the removal timatmospheric

CO,. The exponential decline of anomald{§0, establishes that absorption®©; is determined,

not by extraneous reservoirs of carbon, but autonomously by the atmospec#ically, the rate

at which CO, is absorbed from the atmospheage directly proportional to the instantaneous
abundance ofcO; in the atmosphere. It operates with a single time scale, which reflects the
collective absorption by all sinks @0, at t he Ear t h 6-ermseciné o anemalous h e |
“CO, reveals a effective absorption time of about 10 years. The accompanying removal of
atmosphericCO, is much faster than has been presumed to interpret observed changes. Jointly with
the Conservation Law governing atmosph&i{o,, that absorption time is shown tqreduce the
observed evolution o€0,, inclusive of its annual cycle. The latter treatment provides an upper
bound on the absorption time, independent of but consistent with the value revealed by the decline
of anomalous*CO,. Together, the two determiri@ns of absorption provide an upper bound on the
anthropogenic perturbation of atmosphé&z{o,.

Keywords: Carbon cycle CO, residence timeanthropogenic emissionsadiocarbon measure
ments seasonal C@variations

1. Introduction

A central question in #hclimate science of today is: How much does anthropogenic emission of
CO, contribute to rising atmosphericO, and, thereby, to global warming? The answer to this
guestion requires a quantitative understandin@0f exchange between the atmosphere aed th
Eart hds sur f aC®fromthb atnacobpharee mov e s

A popular metric of such exchange is the residence tin@Ogf which characterizes how lori@O,

remains in the atmosphere befdreinga b s or bed at the Earthoés surf
Repat (AR5-Ch. 6 ) [ 1], the UNOG6s Intergovernment al P e
multiple residence times, as well as adjustment times. They represent exchanges between
extraneous carbon r eser voiUnlke tleetatmospére lihese glebalh t h
reservoirs are virtually unobserved, leaving their exchanges largely a matter of speculation. Such
time scales are relevant to the storage and sequestration capacity of those reseweirer,lihey

are of no direct relevance ©0;, in the atmosphere because its abundance is dictated solely by
transfers into and out of the atmosphere at t
the atmosphere is immaterial.

Residence time is, in fact, incidental to the physics tharalgratmospheri€0O,. BecauseCO; is
conserved in the atmosphere, its abundance is deterrmanigdly by emission and absorption of
CO,at the Earthodés surface. Resi de&O,rites determireed d 0 e s
by it.

AtmosphericCO; is governed by the 3D Continuity Equation. It embodies the Conservation Law
for atmospheric carbon. Except for miniscule differences (much smaller than the observational un
certainty of globalCQ,), absorption of atmospheric carbon dioxide does not disaimibetween

CO, of human origin an€ O, of natural origin. As discussed previously (Harde, 2017 [2] and 2019

[ 3]), absorption channels at the Earthods surf

A Submitted2021-07-09. Accepted2021-08-02 Reviewedby T. V. Segalstachttps:/doi.orgl0.53234/scc202111/28
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Their collective impact on atmospheriCO, is represented in the total absorptivitg =
a+artase |Its inverse is thélirect absorption timeof atmospheric€CO,, ¢, which characterizes its
direct removal from the atmosphere. BecaGs® is virtually conserved in the atmosphere, it is
producedandl e st r oyed only at the Eart ho&isthereforac e .
equal to ityesidence time

t=a’'=t,. (1)

The direct absorption rate of atmosphei®, is determined by and its instantaneous coneen
tration, Ceop:
A=C.,lt . (2

Common in physical systems, the dependencE@f removal onCO, abundance is an empirical
feature of atmospheric carbon dioxide. It is documented in the monotonic decline of nuclear
perturbed carbon 14, an isotopic tracer tofi@sphericCO, (Salby, 2015 [4]). Following the 1963
Limited Test Ban Treai], *CO, declined exponentially according to a single absorption.time

Another physical inconsistency in AR5 is its arbitrary division of the carbon budget into a native
part, which is presumed to have remained constant before the industrial era, and an anthropogenic
part, which is presumed to be solely responsible for incre&@g The two arbitrarilydefined
components are presumed to be independent and, somehow, distithdpyisitEsorption processes.

A consequence of the different treatment of these arbitrdeiljned components is that, when
recombined, they no longer satisfy the Equivalence Principle of physics and the Conservation Law
of atmosphericCO, - physical laws tht are satisfied byCO, in the real atmosphere (Salby, 2018

[6]; Harde, 2019 [3]Sec. 3.4

Moreover, models relied upon by the IPCC rest upon an unphysical premise: They assume that
absorption of anthropogen€G; is proportional, not to its instantaneoabundance (2), but to its
instantaneous emission rate (e.g., Joos et al., 1988 [#hspective of how muclO; is actually

in the atmosphere. A consequence of this premise isQfatcontinuously accumulates in the
atmosphere, regardless of its attabundance. In the presence of real absorption, such behavior is
impossible. For constant emissid®, would eventually reach an equilibrium level, at which it is
removed through absorption as fast as it is introduced through emission (Salby 201&rd&]; H
2017 [2], 2019 [3]; Berry 2019 [9]).

Numerous investigations have sought estimates of the absorption time. Most range between 5 and
15 years. However, some are as short as 1 year (see e.g. compilations by Sundquist 1985 [10] and
Segalstad 1996 [11]: Mray = 5.4 yr (1992) [12]; Segalstad= 5.4 yr (1992) [13]; Broecker et al.

t° 8yr(1979) [14]; Humlum et ak ° 1 yr (2013) [15]; Salby © 1 yr (2013) [16]; Harde ¢ 4 yr

(2017, 2019) [2, 3]). The rakence time has also been alleged to exceabdusand years (Solomon

et al, 2009) [17]. Many of the estimates rest upon the observed decline of the isotopi¢@@ger

which (aside from miniscule differences) experiences the same absorption as ©@eréd.g.,

Revelle & Suesg = 7 yr (1957) [B]; Craigf = 7 yr (1957) [19]; Bacastow & Keeling= 6.3- 7 yr

(1973) [20]; Keeling & Bacastow = 7.5 yr (1977) [21]; Siegenthalér= 4 - 9 yr (1989) [22]);
Stuiver ¢ = 6.8 yr (1980) [23]). Some authors only specify the decay fimefor the fractonal
departure of anomaloUéC from a reference abundand®.’C (Levin et al. fxc = 8.5 yr (1980,

1994) [24, 25]; Levin et alt5.c = 15 yr (2013) [26]; Hua et aty4c = 16.5 yr (2013) [27]; Turnbull

et al. 754, = 16.5 yr (2017) [28]).

Absorption ¢ atmosphericCO, determines if and how fag€tO, accumulates in the atmosphere.
Current views on this fundamental process rest, in large part, on observatid@s 6ét, inter
pretations of those data vary widely, as reflected in the range of estinast@gbteon times. The
uncertainty in this key property is underpinned by the definition’@®fitself, which also varies
widely. Depending upon normalization, reference concentration, and units, carbon 14 has been
guanti fied via 0a nijioosn(gtenstrom et &l. 201l {29])e Retevant todhef i
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absorption time o€0, is normalization in some definitions of carbon 14 by carbon 12, which is the
principal constituent o€0, (Andrews 2020 [30]).

Here, we examine the impact of such normalizatiod ase the observed decline of nuclear
perturbed*“CO, to determine the actual absorption time of atmosph@te. Jointly with the
Conservation Law governing atmospheti®,, that absorption time is then shown to reproduce the
observed evolution o€0,, inclusive of its annual cycle. The latter treatment provides an upper
bound on the absorption time, independent of but consistent with the value revealed by the decline
of anomalousCO,. Thereby, it provides an upper bound on the anthropogenic perturlsdtion
atmospheri€CO,.

2. Perturbation of **CO,

The carbon isotop&’C has a radioactive halife of 5730 yrs (an olding time for radioactive

decay of 8267 yrs). On the time scale of the instrumental recd@®pfdecades)™“C is therefore
conserved irthe troposphere. Once introduced, it is neither produced nor destroyed. L@@ all
“co,is removed only through &%,showeyet is contimasty t he
formed in the upper atmosphere frofi via interaction with neutrons thare liberated by cosmic
radiation, beforé”C rapidly oxidizes intd“CO,.

Nuclear testing during the 1950s and early 1960s dramatically increased free neutrons in the
stratosphere. It eventually led to a large perturbatiolf®in the troposphere, vene *“C is mea

suredi an increase iD*'C of order 100%. The cessation of atmospheric testing after 1963 [5]
witnessed a systematic decline of the nuclear perturbation. The observed decline followed, not from
radioactive decay, but from the absorption®@0,at t he E a' thehsanse precess that c e
absorbs alCO..

2.1 Quantification of Carbon 14

Definitions of *C follow from measurements of decay activitywhich is reported in counts. The
quantity commonly relied upon in climate studiesi®nalous“C, the fractional departure from a
reference abundance:

D“C = %ﬁ - 1%@000, 3)

CaBs

where Agy and A.gs denote, respectively, the normalized activity of a measured sample and an
absolute refer enc eD"s measures theydeviaiRaf PCofrom teedrefarence & |
concentration. However, even the definition (3) is not universal (Stenstrém et al. 2011 [29]). In the
original definition, the sample activits,, is normalized for the counting volume, change of mass,
and dilution or impurig (see e.g., Stuiver & Polach [31]). But with the invention of acatde

mass spectrometry many groups are now measuring the fractional number deh&yoof’C

atoms; cf. Turnbull et al. (2017) [28]. The increasing concentratidACsh, e CO, must then be
accounted for to recover the true concentratiol@f

The decline of anomalod4C has been the basis for estimate<C@% absorption time (Sec. 1). In
many investigations, however, it is unclear whether absorption time wiasate fom measure
ments of“C based on the original definition or from values normalized?sy which increased
during the postesting era witlCO..

2.2 Observed Decline of Anomalou¥CO,

Figure 1 presents the record of troposph&i@0, measured at Vermunfustria (Blue) (Levin et

al. [24, 25], also archived at CDIAC [32]). Extending from 1959 until 1983, the Vermunt record of
D'Cis recorded in & deviation fr onisdFRolewirmgbhrs ol u't
abrupt increase in the earlp@0s,D*C underwent a systematic, albeit unsteady, decline. Initial
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years are punctuated by half a dozeremechments, which appear annually. Thereaff#fC
declined more gradually.

The archived data in Fig 1 are normalized'8®, which distorts theactual concentration of'C
according to the variation @0O,. To quantify the effect of such normalization, particularly over the
first 20 years after the test ban treaty, wh&0, was observed at Vermunt, those data have been
re-normalized to the iniéil (constant) atmospherieO, concentration at timg = 1959, G = Cfto).

In terms of the instantaneo@O, concentration at sample ting Cs = C(ts), anomalous“C then

has the actual or corrected concentration:

(D“C).. :%SSN &s. 18@000. (4)
C =

Expressingthe normalized sample activitfisy in terms of the originaD"'C data, withAgy =
(D*C/1000 + 15 gives:

apgic 6.c. 0.
0“C).. = +180°S - 162000, 5
(DC)c g%;ooo Q c. 1 (5)

For the instantaneo®0, concentratiorCs, we use the monthly Mauna Loa record, also archived at
CDIAC [32], whichwas adapted to the slightly different sample times of'fBemeasurements.
Superimposed iffigure 1 is the corrected concentratio®*{C). (Green). It undergoes the same
fast decline over the first half dozen years after the test ban treaty, followeoreygradual decline
thereafter. Noteworthy is the almgstre exponential form of the loftgrm decline. The rate of
“CO, removal is then directly proportional to its instantaneous abundance, in confirmation of (2).
With e-folding time of about 10 yrshe decline is nearly the same in both records. It differs only in
a somewhat different equilibrium level to which the two metric§®©, approach.

To understand the observed decline, we evafif&®, through the Conservation Law governing it.
Relativeto its initial concentration in 1959, anomaldd€0; is represented in (4) by the relative

concentratiorC'y, = (AsvAasd @CSCo).

1000
— D14C
— (D"C).
- 800
&)
<
T 600 i
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= 400 |
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Figure 1: Observed record of*“C data (Blue) sampled at Vermunt
and corrected concentratioX'C). (Green).
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C'y, canchange through changes of natural production in the stratosphere, described by the relative
rate '\ More i mportant i's its absorption at t h
instantaneous abundan€s, (2). Of **CO; that is removed fromhe atmosphere with the direct
absorption timef, a fractions is returned to the atmosphere througteremi s si on fr om t
surface (e.g., via outgassing and decomposition of vegetatio®mision represents an additional
source

e;a,14 = b@ll4/l‘ ) (6)

which offsets direct absorption. Collecting these opposing influences gives the net absorption,
which, with (2), operates with tredfective absorptiotime

tg=tI1- D). (7)

In terms of these influences, the Conservation Law govgrtiie anomalous concentrati@i,
becomes (cf. Harde 2019, Appendix B [3]:

dCu _, _ Cu

— =g - 2. 8

dt N,14 teff ( )

Integrating (8) reproduces the leteym decline of anmalous®C introduced by nuclear testing.
However, it does not describe oscillations that @pearent during the initial half dozen years
(Figure 1). Those oscillations reflect annual-eerichments of tropospherit’CO, from the
stratosphere. Such transport occurs through the BfBwson circulation (BDC) of the
stratosphere, an equattorpole overturning that intensifies each year during late winter and spring;

see, e.g., Holton (2004) [33], Salby (2012) [34]. The intensified BDC transp@tsnriched
stratospheric air downward into the Arctic troposphere.

To account for such enhancemen), iaugmented by an oscillatory source with radial frequency
¥ that decays #iwhich reflettsethe tgradua exlsauston ef anomaf8ge, in
the stratosphere. The Conservation Law then becomes:

ddcf4 =€, +mi@os(wd+/ )G tire - % 9)

eff

Equation (9) $ integrated numerically, with an effective absorption tigme 10 yrs, naturat*CO,
production that accounts for a change from thetgseerae\.,= 123 & /my=x0.65wd t h
and . = 4 yrs. The calculate€',, is then transformed back to analmus carbon 14 that is
referenced against the standard activity (5).

Plotted in Fig 2 is calculate®t*C). (Magenta). It tracks the evolution of observ&d*C)., which

is superimposed (Green). Reproduced by the perturbed Conservation Law (9) isgthernon
decline of P**C)., as well as its repeated enhancement during the initial half dozen years following
the test ban treaty.

With a single effective absorption time af = 10 yrs, calculatedD!*C). reproduces the salient
features of the observedi@ution. Direct absorption, however, is considerably faster. For a re
emission fractiorb = 0.6, the time scale of direct absorption (7) is ardy4.0 yrs. That time scale

is consistent with absorption evaluated from the global balance between tossioeamand
absorption ofCO, (Harde [2, 3]), as well as the observed decline of annual oscillations. Both reflect
absorption that is an order of magnitude faster than the adjustment times used by the IPCC to
interpret changes @O..

The observed evolutiors recovered by absorption that operates on a single time ggadel0
years, and is proportional to the instantaneous abundant€®f. The calculated evolution of
1“C0O, demonstrates that multiple adjustment times, invented by the IPCC, are supewind,
more importantly, are incongruous with the physics that actually controls atmosp@eric
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Figure 2: Anomalous’C measured at VermuntZ}('C)c (Green), compared against calculated
(0C)c with an effective absorption time &f= 10 yrs (Mayenta).

2.3 Extended Decline

Observations ob*'C at Vermunt end in 1983. Observations at Schauinsland Germany (Levin 2013
[26]) enable them to be extended almost continuously to 2012. Over durations longer than 20 years,
normalization by increasin{fC leads to greater distortion &*‘C. The prolonged decline also
brings carbon 14 closer to its unperturbed equilibrium level.
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Figure 3: Annuatmean“C observed at Vermunt (Black) and Sdhaland (Blue),
along with the®C-corrected data, £#C). (Green). Superimposed is pure exponential
decline with an effective absorption tindg,= 10 yrs (Magenta).
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Figure 3 displays the collective record of anamalanD*C measured at Vermunt (Black) and
Schauinsland (Blue). Superimposed is corrected anosatabon 14,“C)., with normalization

by 2C (5) removed (Green). The lonterm decline of perturbatioHC apparent during the initial

20 years continues to the end of the concatenated record. The recob'@f, (however,
approaches an equilibriuhavel. It reflects carbon 14 in the early 1960s, somewhat higher than the
equilibrium level inferred a decade earlier, wH&@ measurements began. Also superimposed in
Figure 3 is pure exponential decline with an effective absorption tighe 10 yrs (Magenta).
Having time scale equal to that effective absorption in Figureks and 2, it tracks the observed
record of D*C)..

The equilibrium level of“C is determined by total production in (9). Most of this production is
natural. Despite theimited Test Ban Treatyhowever, some nuclear testing continued after 1963.
Involved were more than a thousand detonations (see Arms Control Association, 2020 [35]), the last
ones in 2017 by North Korea. Albeit chiefly under ground and in the ocean, some B€the
produced in those tests emerged at the Earth
along with othef*C. Contemporaneous is the releasé‘6ffrom nuclear power generation, which
increased sharply after 1963 (Runte, 2013 [36]). Both estas sources dfC act to elevate its
equilibrium level.

More central to the equilibrium level, however, is natural productio'®fin the stratosphere.
Embodied ire'y.4 (9), natural production occurs through absorption of free neutrons that atedibr

by cosmic radiation. The latter is modulated by solar wind. The departure from constant natural
emissiong'y 1, Must evolve likewise (see also: Damon & Peristykh 2004 [37]; Connolly et al. 2021
[38]).

Neutron flux has been monitored for the lastyBérs at the Cosmic Ray Station of the University of
Oulu Finland [39]. Plotted in Fig 4, it reveals a systematic increase over the last 30 gkars
10%. The observed increase tracks decreasing sun spot number and weakening solar magnetic field.

t0

! MI'UII"II i -"-'-rf"lﬁgl ’

op— Fﬁ'!w A l
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b uﬁl"l;"*‘ﬁ"".] ﬂ

'J
T h\ﬂ{j ( \ Anomalous Neutron Flux

1965 1975 1985 1995 2005 2015 2020
Figure 4 Anomalous neutron flux (%) observed at Oulu Finland.

Inclusive of timevarying natural production (but exclusive of oscillatory reinforcement), the
Conservation Law becomes:

d q4 —— cl4 1
= q t)- —== , 0
It B,14( ) ‘eﬁ ( )

with e's14 accounting for timesarying natiral emission as well as nuclear power generation and
nuclear testing after the test ban treaty.

Equation (10) has been integrated for an effective absorption tintg: ef 10 yrs (with a re
emission fraction ofb = 0.6, it corresponds to a direct absmpttime of 4 yrs) and with total
emissionokye= 123 &/ yr that now i nZ%ahaaateristis of ebsenvede 1 9
neutron flux inFigure4. The resulting anomalg',,, is then transformed back to anomalous carbon
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14 that is referenckagainst the standard activity (5). PlottedFigure 5 is calculated {**C).
(Magenta). The calculated evolution tracks the observed evolutioP'dE)¢, which is super
imposed (Green). Faithfully represented is its approach to a new equilibriumAeveb. u t 250a
higher than the equilibrium level during the {lest era, its elevation is well accounted for by the
observed enhancement of neutron flux.
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Figure 5 Evolution of calculatedC). with effective absorption time af,= 10 years
(Magenta),compared against observef{C). (Green).

Integrations of the Conservation Law that governs atmosp8€¥qFigures3 and 5) illustrate the
operation ofCO, absorption with a single absorption time of only 10 yrs. Thereby, they eviscerate
unqualified chims that were advanced by Andrews 2020 [30]):

Unconventional models motivated by a'omwi sinte
are excluded when the error is correctedé Ha
atmospheric nuclear testig ceased, t h €4C ftpodukes byothe debts expot r a
nentially disappeared from the atmosphere with a time constant of approximately 16 years.

The foregoing integrations demonstrate that these claims are incorrect. It is noteworthy thegt, had t
removal of perturbation’C and, hence, o€0O, come to a halt after 1990, as implied by Andrews,
continued emission (which is of order 100 ppmv/yr; see Sec 3.1) would have indB£assitice

then by several hundred ppmv. The observed increase wasgofrihe sort, proceeding at about
the same rate as during earlier years.

3. Perturbation of CO,

Independent of its isotopic tracéiCO,, CO, itself reveals its absorptionthrough its seasonal
perturbation. In its monthly deviation from annma¢an caditions, CO, increases by ~6 ppmv,
after which it declines by ~4 ppmv. Like perturbati880,, this seasonal perturbation depends on
the absorption time a€0O..
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3.1 Simulation of CQ,
Inclusive of anthropogenic emissia, the Conservation Law goveng atmospheri€0O; is

Do~ (7.1 +ey(0) - ot

: 11
dt o (1)

where natural emissiomy, is generally temperature and time dependent. Seasonality caC@ater
through emission, or absorption, or through a combination of the two. Its influen€Ogn
however, dpends only on the seasonality wét emission: the residual between emission and
absorption. Therefore, it is sufficient to introduce seasonality through emission; similar behavior
can be obtained through equivalent seasonality in the other preliminanyesve

Natural emission is allowed to vary with anomalous temperaffireand month:
e (T,t) =€y, +e (DT 1) + %C{mcos(w(t- to) +/ o +mBinwtt- )}, (12)

whereey, is the undisturbed emission ragg, is the amplitude of its seasonal modulatippis its

constant background phase, am®inw@-t) is a modulation of its phase that recovers the
asymmetric shape of the observed seasonality. Note: Because the seasonal modulation in (12) is
nonnegative, it has nevanishing annual medh.

Background emission, unperturbed by temperature atiicgrogenic emission, is prescribeders
= 3 ppmv/yr, with remaining mean emission represented in the nonnegative seasonal emission. For
anomalous temperatur®](t), we rely on the record of annualean tropical temperature observed
at Hawaii (NOAA [40), which underwent systematic warming (trend) during the Mauna Loa era of
0.13°C/decade. Distinguished from other latitudes, the same warming was observed across the
tropics by the Microwave Sounding Unit suite of satellite instruments (Spencer et a[42)1Tt
is also ewiert in the record of Tropical Seaurface Temperature (Kennedy et al. 2019 [42]). The
dependence of emission on temperature is defined to be slightly nonlinear (see, e.g., Harde 2019
[3]):

e (DT,t) = b, DT (1)*°, (13)

where b, = 10 ppmv/yr/°C- is the coefficient of temperature dependence. During the Mauna Loa
era, this temperature dependence increases emission by 6.9 ppmv/yr, with an avesdge ®f
ppmv/yr. ty can also be temperature dependent. But, to deduce an uppenliaibsorption time, it

is sufficient to consider changesdn

Seasonal modulation of emission is assigned an amphktyided0 ppmv/yr, a background phase

= p, and a modulation amplitude oh = 0.8. The asymmetric form of seasonal modulation
intersifies emission during 8 months (Septembapril) but weakens it over only 4 months (May
August). Together with its newanishing mean, the asymmetry leads to anmedn emission of
aey(t)o= 27.4 ppmvl/yr.

Anthropogenic emissiorgy(t), is prescribedrom the timevarying record Fossil Fuel Emissions,
which are well documented (CDIAC [32]). Although poorly documented, we also include the
record of Land Use Change (e.g., Le Quéreé et al. [43]; CICERO [44]). Together, those contributions
reach 5.5 ppmv/yin 2018, about 5% of total emission.

The effective absorption timg, is defined analogous to (7). Therefore, the absorptionAate

Ceod ter in (11) includes reemission,es = 6o/t ; see (6)i (7). It is noteworthy thats here is
determinedndependently of its determination in Sec. 2: by requiring the observed evolution, which
is recovered from (11), to satisfy the Conservation Law.

A Retaining the annual mean of seasonal modulatieg(fnis arbitrary. It could equivalently be isolated in the constant
background emissiomy.
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Figure 6 Calculated evolution of C&O(Magenta), inclusive of temperatudependent
natural emission, its ssonal modulation, and anthropogenic emission, all for an
effective absorption tim&g; =10 yrs (see text). Superimposed is the observed evolution
of CG; (Blue). Also shown is the seasonal modulation of emission (Green).

With an effective absorption timaf 7.;= 10 yrs, numerical integration of (11) yields the evolution
of CO, in Figure 6 (Magenta). It tracks the observed evolution@®, which is superimposed
(Blue). Also shown irFigure6 is the seasonal modulation of emisseg) (Green).

Noteworhy is the fraction of total emission responsible for the observed evolution that follows
from natural emission. Implicit in the absorption term in (11)4emession ofCOy:
C C
- SR =-(1- b) 52, (14)

teff

where b is the fractional reemission ofCO, that was removed through direct absorption, which
operates with the time scaléThe term HCcoJt in (14) represents femission of absorbe@O,
(6), most of which was emitted by natural sources. With0.6 (U= 4.0 yrs) an@Cco8° 395 ppm
over the last dcade, mean remission is thederd= bEcoU= 59.3 ppmv/yr. Collective emission
from natural sources is thueyOraesdt aerd aer0 @3+27.4+3+59.3092.7 ppmv/yr. It corresponds
to natural emission of 93 ppmv/yr that was estimated by the IPCC whkontrast to temperature
dependence accounted for in (13), presumed that natural emission remained constant.

Figure 7 presents the same recordriggire6, but on a magnified time scale. The asymmetric form
of seasonality is well captured by the presaipbase modulation (12). Accordingly, the calculated
monthly variation (Magenta) tracks the observed variatio€©$ (Blue). Seasonal modulation,
(Green), intensifies emission during intervalsGgd, growth, leaving it weaker during intervals of
CO, decline.

The calculated seasonal variationGQf, is determined largely by the seasonality of emission. This
dependence follows from absorptionfat= 10 yrs being slow compared to seasonal transience in
emission, which therefore alters amaous CO, before it can be influenced substantially by
absorption.
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Figure 7: As inFigure 6, but on an expanded time scale.

The observed evolution (Riges 6 and 7) can, within bounds, be recovered for other values of
emission. This is a consequence of the local me&0Opfbeing determined by the product of total
emission and the absorption time (see Eqg. (11)). A change in one can therefore be compensated by a
change in the other. However, the observed evolutiddfis recovered only for.; shorterthan

11 yrs- eg., in previous simulations that reproduce observed features (Harde 2017 [2], 2019 [3];
Berry 2019 [9], 2021 [45]). Regardless of temperature dependence and seasonality in natural
emission (12), slower absorptior.(> 11 yrs) does not recover the letegym increase and the
seasonality of observedO,.

This upper bound a; applies equally to prandustrial conditions, for example, witbO, concen

tration of 280 ppmv and without anthropogenic or thermialljuced emissiofi. With seasonal
perturbation a exists today, mean emissiég(t)o = 27.4 ppmv/yr, and under quasiuilibrium

conditions, (11) then gives an effective absorption time of

C
[y =—S2_=102yrs. 15
" = la () yrs (15)

Integrations with seasonality present in both emission and absorption (not sheeat)meich the
same upper bound,; < 12 yrs. Following from the Conservation Law and the observed pertur
bation of CO,, both upper bounds are consistent with the effective absorption time that was deter
mined independently from the observed perturbatiocfiCO, (Sec. 2).

All of the permissible absorption times represent removal of atmospbéxi¢hat is an order of
magnitude faster than is assumed by the IPCC. Absorption times in (11) longer than 100 yrs, which
are relied upon by the IPCC to interprdtserved changes, lead to £6&volution that diverges
conspicuously from its observed evolution.

A The oftencited value of 280 ppm which is claimed to have been invariant before the industrial era, is merely a
representative constant. That value follows, not by actual measurements of atmdsPhdria from ice core
analyses, which are shrouded in uncertainty (see Jaggrowsi et. al, 1992) [46].
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3.2 Anthropogenic Perturbation

The effective absorption time provides an upper bound on the anthropogenic perturb&on of

In the presence of constantincreasing anthropogenic emission, the anthropogenic perturbation of
CO, can never exceed its equilibrium level: that level at wtiedy is removed by absorption,
C’ood tr, as fast as it is introduced by emissien,The equilibrium level, thus, placashard cap on
accumulation of£O; in the atmosphere.

Contrasting fundamentally is the position adopted by the IPCC: that, even for constant emission,
anthropogenic€CO, would continue to accumulate in the atmosphere. The forgoing considerations,
which re$ on immutable physical constraints, show that acd@ would do nothing of the sort.

Upon reaching its equilibrium level, the growth rate of anoma@svanishes. The conservation
law governing the anthropogenic perturbation (e.g., Eq. (11) withsemisestricted tae,) then
reduces to

€ = Clop /ey - (16)
Rearrangement gives the equilibrium concentration of anthropoGéhic
Clor' = ey @, (17)

With 7= 10 yrs and anthropogenic emission equal to its mean over the Maunad,éad®3.4
ppmv/yr (e.g., CDIAC 2017) [32], (17) yields an upper bound on the netrpation ofCOy:

(Céos) € 34ppmu. (18)

The anthropogenic perturbation (which the IPCC claims was entirely responsible for incé&@sing
during the Mauna Loara) could actually have contributed no more than about a third of the
observed increase (~100 ppmv). Much the same follows directly from the Conservation Law,
without explicit reference to the equilibrium level (Appendix).

Even if, throughout the last lhaentury, anthropogenic emission had been as large as its recent
maximum, 5.0 ppmv/yr, the anthropogenic perturbatiol€@ could have contributed no more
than half of the observed increase.

Whereas the perturbation introduced by anthropogenic emisaiorot exceed this upper bound, it
can be smaller. If anthropoger@©, experiences absorption faster than the limiting absorption that
was determined in Sec 2 and independently in Sec 3.1 (i.&q iff shorter than ~10 yrs), the
anthropogenic perturtian will be reduced accordingly. For examplefat 4 yrs, anthropogenic
emission, even as great as its recent maximum, could p&@yby no more than 20 ppmv. This
perturbation ofCO, represents less than 20% of its observed increase to daterimgirthe
fractional increase of total emission (Appendix). Continued emission at this rate, even indefinitely,
would not increase the anthropogenic fraction further. On the contrary, continued growth of
observedCO,, which has existed since at least tmset of uninterrupted monitoring, would render

the anthropogenic fraction of increase@, even smaller.

4. Conclusions

%C0, is an isotopic tracer of alO,. The exponential decline of its nuclear perturbation establishes
that absorption o€0; is deternmed, not by extraneous reservoirs of carbon, but autonomously by
the atmosphere. Specifically, the rate at whit®, is removed from the atmosphere is directly
proportional to the instantaneous abundanc€®f in the atmosphere. Removal 60, operates

A If considered over the entire industrial era, the anthropogenic fraction of inc@@setbist be even smaller. With
emission equal to its mean since 1850, 1.8 ppmv/yr, (17) gives an upper bound on the anthropogenic perturbation of
only 18 ppmv. The anthropogenic fraction of increaG€Hd, allegedly from 280 ppmv in 1850, would then have been
smaller than 14%.
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with a single time scale, which reflects the collective absorption by all sinrk®odt t he Ear
surface.

The longterm decline of anomalod$CO; reveals an effective absorption time of about 10 years. It
represents removal of atmosphe@®, that is much faster than has been presumed to interpret
observed changes. The absorption time establishes an upper bound on perturbaG@hs of
Included is anomalou€0O, introduced by anthropogenic emission, a perturbation to natural
emission that constituteeds than 5% of total emission.

The equilibrium level of anthropogenO, represents a hard cap on its accumulation in the atmos
phere. Determined by anthropogenic emission and the effective absorption time, it is too small for
anthropogenic emission tcelresponsible for the observed increase of atmospl&c At the

existing level of anthropogenic emission, or even with foreseeable increases, the anthropogenic
fraction of increase@O, will remain small.

The title of this paper poses the question: Wiatrols atmospheri€O,? - a question central to
understanding its observed evolution. The preceding analysis of its removal follows independently
from perturbations o£0, and of its isotopic tracef’CO,. Through a diagnosis of exclusion, it
providesa clear and unambiguous answer: The controlling influence is not anthropogenic emission.
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Appendix
Anthropogenic Contribudin to Increased CO
During its longterm increase, atmosphei@O, remains in a state of quasi equilibrium, wherein

emission ofCQO; is approximately balanced by its absorption. The Conservation Law foiCtosal
(11) then reduces to

€ @Coop /o - (A1.1)

Differencing (Al.1) between initial and final states obtains the Conservation Law for the change of
CO:

De @DC, /f o - (A1.2)
As anthropogenic emission also changes gradually, anthropd@€xailikewise remains in a state

of quasi equibrium. The Conservation Law governing the anthropogenic compone@Ogf
which follows from (11) withe restricted tae,, therefore assumes the same form as (Al1.1):

€, @Clop /ey (A2)
Dividing (A2) by (Al1.2) obtains
CéOZ @eA . (A3)
I:RCOZ [b

Anthropogenic emission introduces a fractional increas€©f that is equal to its fractional
increase of emission.

Under quasi equilibrium, the change of emission must be approximately equal to the change of
absorption. Incorporating the upper bowmdabsorption timet,, ¢¢5> , then gives

A s max
Ccoz aereff

: (A4)
DCcc;  DCeo
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For mean anthropogenic emission of 3.4 ppmv/yr, an upper bound on absorption t{ffie=#0
yrs, and aCQ; increase over the Mauna Loa era of ~100 ppmv, (A4) yields tleviog upper
bound on the anthropogenic contribution to incre&3@gl
A
Ccor. ¢ 34%. (A5)

CO2
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Abstract

A simple formula iIis suggested to policy make:i
fossil fuel emissions or reductions. It is illustrated for mamtters, country by country. Two lists
of estimates are compared.

One is based on the last report of the Intergovernmental Panel on Climate Change (IPCC AR5
2013) which retained a range af2l5 °C for theTransient Climate Response (TCR) in case of
atmogpheric CQ doubling, ametric that is more relevant than the Equilibrium Climate Sensitivity
(ECS) to estimate warming in the next few decades. At the rate of increase of 0.5 % per year since
the beginning of this century, a @@oubling in the atmosphesxeill hardly be reached before the

end of the century.

The second estimate is based on infrared thermal emission spectra of atmosphareaCthe
tropopause that constrain the climate sensitivity below 1°C in the absence of feedbacks consistent
with 109 studies concluding to low climate sensitivity. An increasing number of their publications

is reported during both last decades. They are also confirmed by a plateau observed since 1994 for
the temperature of the low stratosphere measured by the EagimS3sience Center, University of
Alabama in Huntsville (UAH), over a period corresponding to 42 % of the increaseah @l
atmosphere since the beginning of the industrial era.

A tendency of #Acoolingo of cl i maohfiemedferrstadies i v i t
based on instrumental records of ocean and surface temperature, whereas CMIP6 climate models
are running hotter. The correlation of (i) monthly temperature fluctuations measured by UAH at the
Eart hds s ur ficressesatmedtmdspherg thaCl&@y temperature fluctuations instead of
driving them, is updated and discussed.

Keywords: TCR ECS infrared, fossil fuel emissiongarbon footprint

Introduction

In 2020, the concentration of carbon dioxide in the atmosphereunadalsy NOAA at the obser

vatory of Mauna Loa, detrended from seasonal oscillations, reached 414 parts per million (ppm). 1
ppm corresponds to 7@igatons of CQ (GtCQO,). The atmosphere, therefore, was composed in
2020 of 3.2 1# tons of CQ. The transiet climate response (TCR) is defined as the increase of
average Earthods t emper aconcanteatiowWwoeld dotible.eAt tketaveagep h e
rate of increase of 2.2 ppm per year observed since two decades as is detailed in Figure 6 of Section
4,viz. 2.2/1414 = 0.5 %lyear, doubling will hardly be achieved during this century.

A Submitted2021-03-25. Accepted2021-04-17. Reviewedby J-E. Solheim https://doi.orgl0.53234/scc202111/29

B The author acted as expeeviewer of IPCC AR5 and AR6

€ The work is dedicated to the memory of Professor-Niel Morner who encouraged the author to publish this study

as proceedings of t he Conference AfBasic Sciente of
www.portoconference2018.ory that Professor Mérner eorganizel. The author was fascinated by the energy of
Professor Mérner and his outstanding knowledge of oceans and sea level rise.
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Sectionl complements the Summary for policymakers of IPCC AR5 (2013) by evaluating a key
point that is missing, viz. the impact of the emission (or of reduction of emjisgione ton of CQ

on the Earthdos temperature, a metric that I S
climate. Results for largest emitter countries will illustrate their own climatic impact at their rate of
emissions during 2019.

Section 2is a review of published values of climate sensitivity lower than 1 °C that have not been
considered in IPCC AR5 (2013) which retained for the TCR the interval from 1°C to 2.5 °C only.

In Section3, the infrared thermal emission spectrum of atmosphedicr@ar the tropopaugenot
shown in IPCC AR5 (2013) is scrutinized. A TCR lower than 1 °C is deduced, confirming data of
Section2. Results of Sectioh are complemented with this value for comparison.

Sectondupdates the cor r erdtumetmeasared @y satdéllites andh thesyearlyeirm p
crease of Cg discuss them and focus on specific points.

1 Impact of onetonof CGon Eart hoés temperature and contr

The Transient climate response (TCR) to,@0Oubling is moreelevant than Equilibrium climate
sensitivity (ECS) to warming in the next few decades because to reach equilibrium would need
several centuries while the present work focuses on next decades with the target of net zero
emissions by 2050 announced by polingkers. Nijsset al. 2020 report that the Coupled Model
Intercomparison Project Phase 6 (CMIP6) models, the results of which are expected to be included
in the IPCC Assessment Report ARG, constrain the likely range of TCRi@.1°G, with a central
esimate of 1.68 °C. This is near the medium value 1.75 °C of the TCR interval af215°@C of

IPCC ARS5 (2013).

In a first estimate, by considering

1 an additional temperature of the Earth of 1.68 °C that would tentatively be reached if
doubling, i.e. 3.2 1 tCO, would be added to the 3.2 #@CO, already present in 2020 in
the atmosphere,

1 an airborne fraction of 44 % provided by IPCC AR5 (2013), the fraction of thge CO
emissions that remains in the atmosphere at least several years (the number ofsyitars is
controversial and discussed in Sectidn a fraction found nearly constant for several
decades, implying that to double atmospheric,Gfe human activities should emit 2@
tCO/44 % = 7.3 1 1CO,,

then emitting one ton of GQvould warm he Earth by
(1/7.3 16°tCO,) x 1.68 °C = 2.3 18*C/tCO, 1)

Thus, evaluated with the data of IPCC AR5 and CMIP6 models, the yearly emissions of 36 GtCO
warms the Earth by 0.008 °C. Although simple and useful, this fundamental evaluation is missing in
IPCC AR5 (2013). Another fraction of emissionsl/3, enriches the vegetal biomass and nutritive
plants by photosynthesis. The third smaller fraction is captured by the oceans ($ection

By replacing the molar weight of GOL2 + 2 x 16 = 44, by thaff carbon, 12, Eq. (1) provides
(1/7.3 16%tCO,) x 1.68°C x 44/12 = 8.4 16°C/tC (2)

Equation (2) is the equivalent of Eq. (1) in terms of carbon footdtitan be approximated as
almost ~1 picodegree C/tC. To keep them as simple as possiblegtigs (1) and (2) imply a
linear interpolation. SectioBconsiders the more relevant logarithmic law.

To illustrate the impact of Eq. (1), Table 1 lists the countries the largest emitters of @19, as
reported bywww.globalcarbonatlas.orgrhe yearly impact of their emissions is evaluated with the
central estimate of TCR of 1.68 °C of CMIP6 climate models.
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Table 1. List of countries the most COemitters in 2019, as reported by
www.globalcarbonatlasrg. The emissions per inhabitant per year listed in column 5
and compared with the world 5 tons average, changes the ranking of countries. Column
6 provides the contribution to the Earth warming per year calculated with Eq. (1) and a
TCR of 1.68 °C (centtaestimate of CMIP6, Nijsset al 2020). By considering that the
accuracy generally admitted for the Eartho
indicates how many years such warmings by each country will remain below the
threshold of measurability. Uaes in excess of a century are omitted because they are
beyond the limits of the method. Columns 8 and 9 indicate the results with a TCR of
0.78 °C deduced from the GGanfrared thermal emission spectrum as discussed in
Section3 and calculated by Eq. (7Although a medium emitter with & O,/inh/yr

equal to the average for the warldrance is added by reference to the COP21 Paris

agreement.
Country | MtCO, | % of | Popul. million| tCOy/inh °Clyr Years °Clyr Warming
Iyr emiss. Iyr (TCR below (TCR until 2050
CMIP6 | +0.06°C| 0.78°C) (TCR
1.68°C) (TCR 0.78°C)
1.68°C)
China 10175 28 1434 7| 0.0023°C 30| 0.0011°C| 0.030°C
USA 5285 15 329 16| 0.0012°C 58| 0.0006°C| 0.016°C
India 2616 7 1366 2| 0.0006°C| >100| 0.0003°C| 0.008°C
Russia 1678 5 146 11| 0.0004°C| >100| 0.0002°C| 0.005°C
Japan 1107 3 127 9 | 0.00025°C| >100| 0.0001°C| 0.003°C
Iran 780 2 83 9| 0.0002°C| >100| 0.0001°C| 0.002°C
Germany 702 1.9 83 8| 0.0002°C| >100| 0.0001°C| 0.002°C
Indonesia 618 1.7 271 2 | 0.00014°C| >100| 0.00007°C| 0.002°C
South Coreg 611 1.7 51 12 | 0.00014°C| > 100| 0.00007°C| 0.002°C
France 324 0.9 65 5| 0.00007°C| > 100| 0.00003°C| 0.001°C
World 36441 7594 5

Lovejoy (2017) reports that the wuncertainty
berkeleyearth.orgather cosiders an uncertainty of 0.045 °C. We therefore adopt an intermediate

threshold of measurability of the Earthbs av
indicates how many years the warmings wtheth b
2019 data of column 2 will remain below the threshold of measurability.

As seen in Table 1, the policy of any country
cannot significantly <change the Ea thrieghddsof t e my
measurability, at least on the term of several decades for two of them and above a century for the
ot her s. Column 9 focuses on the year target c
fuels emission by 2050. The values haveéaamultiplied by about 2 with a TCR of 1.78 °C. Again

results are below the threshold of measurabil

72 Science of Climate Change



2 A brief review of studies concluding to low climate sensitivity

Table 2 lists 109 studies that conclude to climate geigieither low or negligible, below or equal

to 1°C. They are listed per year of publication.

Table 2.109 studies concluding to low climate sensitivity listed by year of publication.
A number of them correspond to the list updated by P. Gosselotrakszone.com/50
paperslow-sensitivity When a climate sensitivity per G@oubling is indicated in the
study, the value is reproduced in the Table. When indicated, radiative forcing-is con
verted to climate sensitivity with Eq. (4). In their absence, danclusion or keywords

are briefly reproduced.

Rasool and Schneider 1971 0.8°C

Weare and Snell 1974 0.7°C

Willett 1974 ~0°

Zdunkowskiet al1975 <0.5°C

Oliver 1976 negligible

Bryson and Dittberner 1976 DT = 3.346 In(CQ), corresponding to 0.7°C (. 4 and 5)
Dyson 1977 «great uncertaintyo

Newell and Dopplick 1979 <0.25°C

Robock 1979 Aino significant effecto
Choudhury and Kukla 1979 Acooling rather thhan war ming e
Idso 1980 <0.26°C

Ramanathan 1981 0.5°C

Gateset al1981 0.3°C

Schuurmans 1983

0.2 to 0.4°C at present concentration

Idso 1984 inverse greenhouse effect

Balling 1994 <1°C

Lindzen 1994 2 WinTt, hence 0.66°C

Idso 1998 0.4°C

Hug 2000 iResonance collisions reduce e
Khilyuk and Chilingar 2003 <0.01°C

Jelbring 2003 ~0°

Cess and Udelhofen 2003 Afeffect temporally decreasingo
Khilyuk and Chilingar 2006 0.01°C

Barrettet al2006 3.1 W/nt, hence 0.9°C

Bellamy and Barrett 2007 <1°C

Miskolczi 2007 0.24°C

Chillingar et al 2009 negligible

Floridesand Christodoulides 2009 0.0210.03°C

Gerlich and Tscheuschner 2009

Afat mospheric greenhouse conjec

Lindzen and Choi 2009

0.5°C

Miskolczi 2010 negligible

Soares 2010 negligible

Clark 2010 Cannot cause climate change

Wagoneret al2010 fivery small o

Gerlich and Tscheuschner 2010 Anenxi sting influencebo
Lindzen and Choi 2011 0.7°C

Nahle 2011 negligible

Arrak 2011 Arctic warming: not greenhouse effect

Fanget al2011 Al arge uncertaintieso
Zhao 2011 Alittle evidencebod
Kramm and Dugli 11 «meritless conjectures

Ollila 2013 0.51°C

Clark 2013 negligible

Singer 2013 ~0°

Avakyan 2013 Ai nsignificanto

Harde 2013 2.6 W/nf, hence 0.78°C

Laubereau and Iglev 2013

~1°C
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Choiet al2014 0.51.2°C

Gervais 2014 2.2 W/nf, hence 0.66°C

Ollila 2014 0.6°C

Chilingaret al2014 ino essential effecto
Lightfoot and Mamer 2014 2.8 % of water vapor warming ~ 30° x 0.028 = 0.84°C
Miskolczi 2014 feffect i mpossibleo

Harde 2014 0.6°C

Kauppinen et al 2014

ilLess than 10 % aommfgetohe temper a

Reynen 2014

0.03°C

Soon et al 2015 0.44°C

Kimoto 2015 0.14/0.17°C

Kissin 2015 0.6°C

Schmithiiseret al2015 Aicooling effecto
Moncktonet al2015 1°C

Ollila 2016 1°C

Smirnov 2016 0.4°C

Bates 2016 ~1°C

Evans 2016 <0.5°C

Gervais 2016 <0.6°C

Haine 2016 negligible

Manheimer 2016 negligible

Vareset al2016 negligible

Easterbrook 2016 negligible

Allmendinger 2016 negligible

Ellis and Palmer 2016 Aplay little or no parto
Spechtet al2016 0.4°C

Hertzberg and Schreuder 2016

Anot himgsduppo

Songet al2016

Aino significant change of OLRO

Harde 2017a

0.7°C

Ollila 2017 0.6°C
Abbot and Marohasy 2017 <0.6°C
Scafetteet al 2017 <1°C
Smirnov 2017 0.4°C
Krammet al2017 negligible
Lightfoot and Mamer 2017 negligible
Robertson and @lingar 2017 negligible

Hertzberget al2017

Afinone of greenhouse descriptio

Davis 2017 no effect

Allmendinger 2017 negligible

Holmes 2017 negligible

Harde 2017b 0.7°C

Nikolov and Zeller 2017 Solar irradiance and atmospheric e only
Wong and Minnett 2018 negligible

Smirnov 2018 0.4°C

Lightfoot and Mamer 2018 negligible

Stallinga 2018 0.5°C

Daviset al2018 weak at most

Allmendinger 2018 no effect

Fleming 2018 ino roleo

Swift 2018 Aiincrease of abby@WHh®d sol ar ra

Kato et al2018

fdecrease of LW irradiancebo

Sejaset al2018

negative CQeffect

Ollila 2019 0.6°C

Holmes 2019 negligible

Krainov and Smirnov 2019 0.4°C

Kim and Lee 2019 1 W/nt, hence 0.3°C
Varotsos and Efstathiou 2019 negligible

Kenned/ and Hodzic 2019 negligible

Fleming 2020 negligible

Drotoset al 2020 negligible
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Stallinga 2020 <0.5°C

Schildknecht 2020 0.5°C

Figure 1 plots the climate sensitivity reported in the studies listed in Table 2 versus the year of
publication. They areompared with the range of TCR,2L5 °C, of IPCC AR5 (full lines) and with
the range of equilibrium climate sensitivity, 1455 °C (dotted lines).
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Figure 1.A plot of the data of Table 2 versus year of publicatiohit&\symbols corres

pond to the studies cited in the review of Knutti et al (2017) in which conversely studies
corresponding to black symbols are ignored. Triangles correspond to the upper limit of
the conclusions of the study. The full horizontal linasespond to the limits of TCR in
IPCC AR5 (2013) while the dotted lines correspond to the limits of ECS.

Figure 2 plots the number of studies of Table 2 published each year.
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Figure 2. Acceleration since the beginnind this century, of the number of studies
focusing on low climate sensitivity (equal or lower than 1 °C) as shown in Table 2 and

Figure 1.
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A tendency at acceleration emerges since the beginning of this century. The 108 studies of Table 2
may be compared tilvose reviewed by Knutgt al (2017) where 47 TCR or intervals of TCR are
cited. Among them, only one study reports 1°C and only another one reports less than 1°C
(Ollila 2014). 78 ECS or intervals of ECS are also reviewed. Among them, only 7 studids repo
1°C or below (ldso 1998, Lindzen and Choi 2009, 2011, Moncéta 2015, Bates 2016, Specht

et al2016, Harde 2017).

Figure 3 updatefigurel of Gervais (2016). It adds to the results plotteéFigure 1 the climate
sensitivity estimated from instmental records of surface temperature and ocean heat content as
reported by Hausfather (2018), taken from the review of Kmut®l (2017), complemented by
more recent results.

Figure 3 confirms that there is no consensus about the climate senskadty.result appears
disproved by a number of the others by as much as several degrees for some &f linear.
regression of results of Figure 3 indicates a
publication of data deduced from instrun@mtecords, a phenomenon which is amplified by the
acceleration of results equal or below 1°C published recently as shown in Figures 1 and 2.

Conversely, no Acoolingo is observed for ECS
CMIP5 and CMIP6which remains essentially in the range from 1.5°C to 4.5°C without decrease of
the uncertainty since the Charney report published in 1979. They are not sheigara3 due to

the deep uncertainty that persists to appear much too large.

Some CMIP6 modse correspond to even larger climate sensitivity, withf 34 models with TCR

values above 2.5°C. Conversely, the lowest value of the range, 1.3°C, is the TCR reported by the
INM -CM4-8 model (Volodinet al2019). 12of 34 models show an ECS value abovg°€ (Nijsse

et al 2020, McKitrick and Christy 2020). Figuie5.14(a) andrigurel(a) of Box TS.3 of the IPCC

AR5 (2013) show (i) that CMIP5 models do not agree between themselves while the IPCC AR5
(2013) does not make any choice between them, (i) they rd«t oo fAhot 06 t o be v
observations from 1998 to 2014, a period that

Spencer (2021) has published an update with latest observations compared with CMIP6 models.
Except INM-CM4-8, models persist to run hotter thabservations.

The spread in estimated ECS has increased further in CMIP6 models. It reaches an uncertainty of
3.7K as compared with 2.7 K in the previous CMIP5. McKitrick and Christy (2020) question
pervasive warming bias in CMIP6 tropospheric laysBraddition, Zhuet al (2020, 2021) show that

high climate sensitivity in CMIP6 models are not supported by paleoclimate. They find that the
ECS is too large because of an incorrect treatment of clouds in the models. Wild (2020) shows that
the intermodel spread amongst the magnitudes of the global energy balance components in the
individual CMIP6 models is still unsatisfactorily large, typically of the order 4200W/nf. The
intermodel spread in the simulated global mean surface latent heat flux seE&Wm?. These
discrepancies have generally not decreased from the previous model generation CMIP5 to the latest
model generation CMIP6, and the inteodel spreads and standard deviations remain similar.

Section3 shows that in case of GQ@loubling, thelack of flux at the TOA found from infrared
thermal emission spectra could reachesV2/B?°. At the average rate of increase of O 22
ppm/decade as shown in Figure 6, its contribution is of the order of (22/414) x 2.6 Wi 44
decade. The intanodel spread, therefore, appears more than 100 times larger, illustrating how
much they are hardly convincing in the representation of the global energy imbalance.
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Figure 3.Climate sensitivity from instrumental records listed by Hausfather (2018)
taken from the review of Knutti et al (2017), complemented by more recent results,
plotted together with data d¢figure 1. ECS of CMIP5 and CMIP6 models that remains
essentially in the range from 1.5 °C to 4.5 °C are nowshdere due to the deep
uncertainty that persists to appear much too large as discussed in the text. a: Knutti et
al 2002; b: Kaufmann and Stern 2002; c: Gregory et al 2002; d: Harvey and Kaufmann
2002; e: Tsushima et al 2005; f: Frame et al 2005; g: SBI06; h: Forest et al 2006;

i: Forster and Gregory 2006; j: Schwartz 2007; k: Chylek 2007; |: Murphy et al 2009;
m: Lin et al 2010; n: Schwartz 2012; o: Aldrin et al 2012; p: Bengtsson and Schwartz
2013; g: Otto et al 2013; r: Lewis 2013; s: Urban et &12; Donohoe et al 2014;
Lovejoy 2014; t: Kummer and Dessler 2014, u: Lewis 2014, v: Loehle 2014; w: Skeie et
al 2014; x: Johansson et al 2015; y: Cawley et al 2015; z: Lewis and Curry 2015;
Loehle 2015; A: Forster 2016; B: Loeb et al 2016; C: Lewis 2@:6Armour 2017; E:
Lewis and Curry 2018; F: Jelbring 2003; G: Barrett et al 2006; H: Miskolczi 2007; I:
Lindzen and Choi 2009; JFlorides and Christodoulides 2009; K: Clark 2010; L:
Lindzen and Choi 2011; M: Ollila 2013; N: Laubereau and Iglev 2013; Qde2013;

P: Singer 2013; Q: Lindzen 2014, Lightfoot and Mamer 2014; R: Gervais 2014; S:
Monckton et al 2015; T: Kissin 2015; U: Soon et al 2015; V: Kimoto 2015; W: Bates
2016; X: Gervais 2016; Y: Evans 2016; Z: Smirnov 2046Scafetta et al 20175b:

Abbot and Marohasy 2017, Ollila 201¢ Smirnov 20174 Holmes 2017 Stallinga

2018; /- Smirnov 2018;/4: Fleming 2018;4: Ollila 2019; /: Krainov and Smirnov
2019; m Kim and Lee 20197 Stallinga 2020, Schildknecht 2026; Myrvoll-Nielsen

et al 2020;s: Haustein et al 20197: Booth 2018;w Skeie et al 2018x. Scafetta
2021a.
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3 Infrared thermal flux towards space and climate sensitivity

Depending on the electromagnetic flyxdceived from the sun, the Boltzmann equation allows the
evaluation of tk temperature of the Earth via

(17 a)ld4=e F* (3)

ais the Earth albedais the Earth emissivity ansl the Boltzmann constant. The derivation of this
equation reads

LFIF = 4 OTIT (4)

F = 240 W/ni is the average thermal flux received from the suthr@emitted by the Earth towards
space, averaged over day and night, latitude and seasons. To deduce the climate sEndivity
CO, doubling, a direct evaluation @F can be deduced from the evolution of the infrared spectrum
of the main C@band thapeaks near the maximum of the Planck thermal emission of the Earth, in
case of doubling of its concentration, as showhRigure4.

The superposition of both curvésone for the C@ concentration observed at the observatory of
Mauna Loa in 2005, the ath in case of hypothetical doublifigin the immediate vicinity of the
bending vibration mode of GOof wavenumber 670 cih(corresponding to a wavelength of
15 micrometers) illustrates the almost saturation of its emission towards space.

Rasool and Schiger (1971) already mentioned the almost saturaticaas more CQis added to

the atmosphere, the rate of temperature increase is proportionally less and less, and the increase
eventually levels off. The runaway greenhouse effect does not occur bead$enth CO, band

which is the main source of absorptigaturates and the addition of more GQdoes not
substantially increase the infrared opacity of the atmosphere.» The almost saturation is confirmed
by Schildknecht (2020).
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Figure 4. An illustration of he little change of atmospheric G@mission towards

space, here at an altitude of 12.5 km, in case of doubling of its concentration,
reproduced from the open access paper of Harde (2013).
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Figure 4 shows that ©igh CQ concentrations, adding more ¢@oes little due to the logarithmic

law as shown by Myhre et al (1998h addition, the C@ infrared linewidth is broadened by
atmospheric pressure in the low troposphere. Conversely, the infrared absorption peaks become
sharper with decreasing pressure, winappens with increasing altitude. As a result, there is no
Earth radiation left for the wings of narrower lines at the top of the atmosphere where the pressure
is lower, because the broader absorptions below mask it.

Harde (2014) evaluates a climate sevisy of 0.6° + 0.1°C. Such a tiny anthropogenic warming is
consistent with the 108 other studies of Table 2. Beskdgare8.1b of Salby (2012) shows that the
absorptivity of the infrared C{band atl5 mm measured between the tropopause arourianland

the top of the atmosphere is near 100 %. Abovkm,1the temperature does no longer decrease
with altitude. As a result, the emission is no longer weakéraatording to the key point of the-de
finition of greenhouse effect in the glossary of the IPCC AR5 (20Mith increasing concentra

tion of CQ.. It could be weakened but only below the tropopause where the temperature decreases
with altitude following to the atmospheric lapse rate.

Taking account othe shielding by cloudiness not shownFigure4, Harde (2013) evaluates that
the difference of both spectra resultsi = 2.6 W/m. This is the flux that might be lacking in the
energy balance at the top of the atmosphere (TOA) in caseo@®ling, viz. a lack of 2.6/240 =
1.1 %. Other line by line radiative transfer model calculations confirm with a similar dteeEn
2.9 W/ni near the TOA in case of G@oubling (Sherwooet al 2020). Ollila (2017a) reportsF =
2.2Winf. With the intermediate value @6W/nf deduced from infrared spectra Figure4, the
anthropogenic contribution to the Earth warming thenld/be

Dlcoo x 2= T/4x OFIF = 288/4x 2.6/240 = 0.78 °C (5)

consistent with values lower than 1°C in Table 2 and in Figures 1 to 3. Rewritten in terms of
concentratiorC of CQ; in the Earth atmosphere, Eq. (5) becomes

Dr =288/4x 2,6 In(C/G)/240 InR) = 1,1°C In(C/G) (6)
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Figure 5. Temperature anomaly observed by the British Hadley Center HadCRUT4
(2021), satellites UAH TLT (2021) and RSS (2021), compared to the relative increase of
CO; in the atmosphere.
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Applied to the increase of Gan the atmosphere since the beginning of acceleration of emissions in
1945, Eq. (6) provide$,1°C In(414 ppm/310 ppm) = 0.3°Since 1945, HadCRUT4 data show a
warming of about 0.4 °C if fluctuations like El Nifio peaks that aterabphenomena related to the
intensity of the dominant winds in the Pacific Ocean, are set aside to focus on the baseline as shown
in Figure 5. The UAH satellite data indeed show that while a warming trend of 0.12 °C per decade
is observed from 2000 td020, the trend is limited to only 0.01°C per decade from 2000 to 2015
before the onset of the strong El Nifio peak of 2016 and replica afterwards.

Data are monthly. A warming of about 0.6 °C has been observed from 1910 to 1945 when CO
emissions were too o to explain it (Ringet al 2012), illustrating a contribution of the natural
variability of climate. Since 1945, an anthropogenic contribution of 0.3°C evaluated above matches
the observation of 0.4 °C, validating a climate sensitivity lower than 1°Qeatdigher values are

not validated by observations in Figure 5.

With a climate sensitivity of 0.78 °C, Eg. 1 becomes
(1/7.3 13°tCO,) x 0.78°C = 1.06 16*C/ItCO, 7)

This equation is applied in both right columns of Table 1. In terms of carbon fdpthe result
reads 3.9 1&*C/tC.

A climate sensitivity higher than 1°C assumes positive feedbacks that might increase the climate
sensitivityDT oz x 2in the form
DTf = DTc02 xj(l T f) (8)

if fis positive and lower than 1. The main supposed ipededback is water vapor, considered to
increase the COgreenhouse effect in a warming world. A large fraction of emissions of infrared
output longwave radiation (OLR) to space from the troposphere indeed is from water vapor. The
radiation occurs at amverage altitude of ~ 5 km that corresponds to the temperature &f @553

°C) assuming an emissivity of 1, as given by Eq. (3). The difference of 33 K with the average
surface Earthés temperature of 288 KThisss t he
essentially the greenhouse effect of the main one, water vapor (Ollila 2017a). Above the tropopause
where the air is dryer, a fraction of OLR emissions is from (Riyure4). Van Brunt (2020) has

shown that changes in the concentration of wadgow and changes in water vapor heating are not

a feedback response to changes in the concentration,of CO

Positive feedbacks due to water vapor were supposed to genbatepots», but none is found in

the high troposphere in subtropical regions Blasset al 2004, 2008, Christet al 2010, Fuet al

2011). Even more intricate in the context of such a hypothesis, at the altitude around 9 km where
the hot spots are expected and where €@its heatowards colder spacé&igure4), the specific
humidity that was supposed to increase actually has decreased. The decrease is fggkg @28

1948 down to 0.28/kg these liast years as measured by NOAA (Humlum 2021). The supposed
positive feedback of water vapor, therefore, is unsupported by obsesvainoh) therefore, not
demonstrated.

Clouds may cool or warm the planet. If precipitating convective clouds cluster in larger clouds as
temperature rise, negative feedbacks are expected (Mauritsen and Stevens 2015). Lindzen and Choi
(2009, 2011) considered negati ve feedback, the Airiso e
sensitivity down to 0.80.7 °C. Paltridgeet al (2009), Spencer and Braswell (2010) also focus on
negative feedbacks. Leive v e | clouds may be thick edmongh t
and increase the albedo (Loebal 2018, DelgaddéBonalet al 2020, Ollila 2020, Sficat al 2021).

More generally, cloud tuning (Golagt al 2013) to achieve the desired radiation balance is a
complementary cause of the scatter of climate seigiti

When Earth was cooling from 1945 to 1975 in spite of the acceleration ofi@iGsions Figureb),
Rasool and Schneider (1971) predicted even more cooling by introducing a strong concentration of
aerosols known to have a cooling effect as confirmgd t he momentary Eartho
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in 1992 after the eruption of the Mount Pinatubo volcano. The cooling offsets a warming related to
a weak climate sensitivity of 0.8 °C (Rasool and Schneider 1971). Btaal§2021) confirms this
concept by repaing that highest ECS climate sensitivity in CMIP6 models are offset by highest
cooling by aerosetloud interaction.

However, over the 2Dcentury, changes in anthropogenic aerosols were mostly concentrated in the
Northern Hemisphere. Consequently, maede&lith strong or weak aerosdoud interactions
produce different warming asymmetry over the historical period.

The observed warming asymmetry is more consistent with the models that have weak aerosol cloud
interactions and, therefore, less positive dléeedback. This asymmetry appears not considered in
recent studies based on CMIP6 models (Gidetl 2021).

Besides, Scafetta (2021b) reports that Urban Heat Island effects raise city temperatures above the
temperatures in surrounding rural areas. sehsignificant biases alter instrumental records. Sea
surface temperatures and land temperatures showed matching variations and amplitudes from 1900
to 1980. After 1980, the land surface temperatures rose substantially more, suggesting nearly half of
the land temperature increase is rimatic. Both asymmetry of warming and urban heat island
effects tend to disprove the highest climate sensitivity of CMIP6 models.

The low stratosphere (altitude of ~17 km) displays a long plateau of temperature sincas1994
shown inFigure6.

O 4
<L 2,0
~ 3 1,5 1 : :
107, 5 %
N 05 W -
- 27 00 S P o :
- 05 ﬁ% "t %é‘f?ﬁ
T 17 a0
< . 1980 1990 2000 2010 2020 4
> PN NI WV
-1 1
— 42% of CO2increase in air — =
-2 . . . . . .

1995 2000 2005 2010 2015 2020
Year

Figure 6.Plateau of anomaly of temperature in the low stratosphere (TLS) measured by
satellite in the low stratosphere as reported by the Earth System Science Center,
University of Alabama in Husville (UAH) (Spencer et al 2017, here updated), at the
altitude of ~ 17 km from 1994 to 2020. A flatness emerges in a period corresponding to
not less than 42 % of all the increase of G@n the atmosphere since the beginning of
the industrial era. Té inset shows all available data. Both peaks in the inset
corresponds to aerosols emitted by volcanic eruptions. The smaller peak in 2020 could
be due to the Tall volcano eruption.
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4  Atmospheric CO; yearly increases mirror but lag surface temperature flctuations
Figure 7 is an update &igure4 of Gervais (2014).
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Figure 7. UAH temperature in the low troposphere (TLT), i.e. surface satellite measure
ments (Spencer et al 2017, updated) compared with yearly increla€€3 mneasured

at Mauna Loa (NOAA 2020) shifted left by 6 months, showing the fit. The shift focus on
a lag of CQ increases with respect to temperature fluctuations. The lowest CO
increase follows the cold year 1992 and the highest follow the hot Elyddis 1998

and 2016.

The yearly CQincrease in the atmosphere measured at the observatory of Mauna Loa is confirmed
to be far from being a constant. The year 1992 was a cold year due to the aerosols emitted by the
eruption of the Pinatubo volcano (sesahofFigure6) in spite of the C@emissions of the volcano

itself and in spite of a warm El Nifio which peaked at an excess of 2°C in the NINO3.4 Pacific
region. The yearly increase of @M 1992 was 0.47 ppm only. The g@crease since 12 months
peakel at 4.6 ppm in the warm year 2016 related to a strong El Nifio fluctuation as shown in Figure
8.

The increase of amplitude from 0.47 to 4.6 ppm is too large for mirroring changes,in CO
anthropogenic emissions. These fluctuations show an amplitude thagethat related to the drop

of CO, emissions related to the industrial slowdown and the lockdown due to the-T®ovid
pandemic (NOAA 2020). The fluctuations of €@orrelated to temperature, therefore, appear
mainly related to natural effects.

Kuo et al (1990) discussed the correlation temperaturg/d@e changes in carbon dioxide content
were reported téag the temperature fluctuations by 5 months. The solubility of @Qvater i
creases with decreasing temperature. The correlatibigofe 7 may beinterpreted, at least partly,

by outgassing of C&from the oceans that contains 60 times more tB@n the atmosphere (IPCC
AR5 2013), during warmer years especially under the tropics (Park 2009, Quirk 2009, Beetstock
al 2012, Salby 2012, Humlumt al 2013, Gervais 2014, Harde 2017a, 2019, Berry 2019, Stallinga
2020).
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Figure 8.Lag of monthly C@increase with respect to UAH TLT temperature.

Humlum et al (2013) concluded« changes in ocean temperatures appea&xpdain a substantial

part of the observed changes in atmospheric, Gl@dce January 1980. GCreleased from
anthropogenic sources apparently have little influence on the observed changes in atmospheric
CO,. »

It is fair to concede that a convincing anghegenic carbon budget does not seem to be settled.
Many different models of carbon budget have been published (Friedlingstead 2006).
Contemporary land uptakes show differences as large GI€ 4oer year, viz. nearly half the
anthropogenic emissionspm a model to another. The difference is even larger in the projection to
2100 since it reaches TAC per year, a level higher than contemporary emissions.

El Nifio Southern Oscillation ENSO contributes to global temperature @esl@005). However,

() the lag of several months of G@uctuations that follows temperature fluctuations in general
and (ii) the low increase of 1992 in spite of an El Nifio fluctuation that year, contradict the
hypothesis that ENSO would be ttiever of the temperaturdependent fraction of the fluctuations

of CO, addition in the atmosphere. The role of driver appears rather played by the temperature of
oceans. It might appear counterintuitive that oceans that capture 23 % of anthropogeani€0O

sions might release itding warmest years. However (ipwelling of 275GtC.yr* (corresponding

to 130ppm.yrY), larger than downwelling of 268tC.yr* (corresponding to 12ppm.yr’) reported

by Levyet al (2013), permits within uncertainties a possibility of J@lease fron oceans during
warmest years. (ilCO, may precipitate in the solid form of Cag®ecause oceans contain
calcium. (iii) Oceans appear as a biological carbon pump more efficient than previously considered
(Buesseleet al 2020).

Lands and vegetation captul/3 of CQ emissions. To evaluate it, one method is linked to the
amplitude of the seasonal drop of £&&@ncentration in the atmosphere in spring and summer due to
enhanced uptake of carbon by photosynthesis also favored by longer days, in the northern
hemisphere that shows a larger surface of vegetation than the southern hemisphere. The amplitude
is nearly zero in Antarctica for lack of surrounding vegetation. Conversely, the amplitude of the
drop has been found to increase 71 % more rapidly than thec@@entration at La Jolla
(California) between 1969 and 2013 (Gervais 2016). Does the amplitude cofiuctations of
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Figure 7 manifest themselves by fluctuations of seasonal amplitudes related to temperature? The
cold year 1992 together with the warmay 1998 are compared in Fig@e
366
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Figure 9. Seasonal oscillation of GOconcentration measured at the Observatory of
Mauna Loa (NOAA 2020) from 1991 to 1993. It is compared with the oscillation from
1997 to 1999 shied left by 6 years. Data of the latest have been divided by 1.03, the
ratio of CG, concentration in autumn 1997 and autumn 1991 to start both curves with a
same origin for accurate comparison.

Both seasonal oscillations Bfgure9 appear essentially seiposed. This near superposition hardly
supportsigureTS.4 of IPCC AR5 (2013) where it is seen that land sink would have been unable to
absorb any anthropogenic emission in 1998, whereas land sink would have absorbed 4 GtC in 1992.

The %/early fraction onthropogenic C&added to the atmosphere may be estimated from the ratio
B¥3c/“C (Segalstad 1998). The result is consistent with the low level of increase,af @992.
This is confirmed by Harde (2017a, 2019) and Berry (2019).

Koutsoyiannis and Zbigeiv (2020) raises the question of the correlatiofrighire 7 in terms of
henoregg causality. They conclude: it he resul't
domi nant di r e €hangesnin GCOfollow dh@n@es in T by about six months on a
mont hly scale. o

The correlation ofFigure7 possibly might be transient. But if it persists at least on the short term
and if, for natural reasons (combination of lower solar activity, aerosols emitted by volcanic
eruption, strong La Nifia fluctuation),glsurface temperature would drop dowii@5°C in the left
vertical scale oFigure7 corresponding to O ppm in the right scale, then the increase 0hGiae
atmosphere would cease, independent of anthropogenic emissions. With a yeairgr€&se of

only 0.47 ppm compared to the peak at 4.6 ppm in 20F&gure8, this situation almost happened

in 1992 for a single natural reason, viz. aerosols emitted by the Pinatubo volcano that partially and
momentarily attenuated the solar flux.
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5 Discussion

The airborne fractioris the ratio of the annual increase of atmosph@f to the emissions from

fossil sources. IPCC AR5 (2013) reports a value of 0.44 + 0.06 % for the airborne fraction.
Surprishgly, the airborne fraction has not much changed during the past 50 years. At least, the
change seems not exceeding the uncertainty. Since fossil fuels emissions have about tripled during
half a century, this means that the carbon sinks, lands and odesmasne about triply more
efficient. In particular, the yearly growth of atmospheric,®@lf a century ago was about only 1/3

of what it is nowadays. Harde (2017a) confirms that the uptake efb@atural sinks scales
proportional with its atmospheraoncentration.

It is instructive to compare 1/3 of 9&C emitted in 2019 witd50 GtC, the total vegetal biomass
(Bar-Onetal2018) . 3.3/450 = 0.73 %. During the 33
satellites (Zhiet al2016), the enrichment die vegetal biomass has been, therefore, of the order of
33 years x 0,7%6 = 24 %. The global warming shownHkigure5 seems to have not prevented this
estimated increase. It is beyond the scope of this study to discuss whether it has favored it.
Neverthéess, the increase of biomass could reach 174 GtC until the end of the century @iaverd
2020), viz. 174/450 = 39 %.

There are some parallel arguments. Greening is obserpedticular in arid areas (Metcalfe 2014),
thanks to additional photosyntliesof increased CPOlevels. Additional carbon dioxide causes
plants to produce less water loss due to evaporation, less hydric stress, lower sensitivity to pollution,
and more resistance to heat and cold. The rising carbon dioxide concentration in §ghaten a
primary cause of observed recent greening of the Earth. Newly grown rainforests can absorb eleven
times as much carbon from the atmosphere agmath forests (Poortegt al 2016), confirming

by direct measurements enhanced carbon land uptdkepical latitudes of Latin Americ&his is

also true for the increased efficiency of the biological carbon pump of the q&sesseleet al

2020). Note that the anthropogenic contribution to the pH of the oceans remains @19l per

year (Byneet al2010).

Summarizing, there are benefits of £@missions for the fertilization of oceans, lands, forests,
grasslands and nutritive plants (Donolateal 2013, Idso 2013, Kaptugt al 2015, RivereCalle et

al 2015, Luet al 2016, Chenget al, 2017,Gaoet al 2019, Winkleret al 2019, Bastiret al 2020,

Sswatet al 2018, Clarket al 2020). By contrast, mitigation policies of @@missions will have
little effect on Earthdés temperature as shown
of largest emitters, especially with a TCR climate sensitivity equal or lower than 1°C, constrained
by atmospheric C@infrared spectrum. Values lower than 1°C are consistent with the near
saturation observed Figure4, the plateau of TLS temperatureFigure 6 and the studies listed in

Table 2. The natural variability of climate should be better taken into account (Sea&2820).

Frederikseet al (2020) report an average trend of 1i#52.33mm per year for the sea level rise

from 1900 to 2018. &h a rise do not show anything catastrophic. By considering 2,133 tide
gauges, Parker and Ollier (2015) report an even lower average rise of 1.04 mm per year. By
scrutinizing advection and subduction phenomena, Morner (2016) confirms low sea leval rise. |
addition, Donchyt®t al (2016) and Luijendijlet al (2018) report an average increase of continental
surface with respect to sea surface and an average increase of the area of beaches in spite of erosio
of several shores.

The highest biomass and biwedrsity is present in tropical rainforests, and the least in cold polar
regions (Brown 2013, Kraftt al2011). Thus, higher temperatures than currently existing on Earth
seem to be more favorable. SchuMakuchet al( 2 0 2 0) suggest iperatuse] i g ht
perhaps by 5 °C, similar to that of the early Carboniferous time period, would provide more
habitable conditions wuntil some optimum i s r ¢
Paris agreement that pretends to limit the warming to 2 °€ven to 1.5 °C with respect to the
preindustrial period. This means an increase of only 1 °C or 0.5 °C with respect to the beginning of
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this century since a warming of ~ 1 °C already occurfeglu¢e 2.5). Actually, it will be a benefit
for the vegetal lmmass as suggested by SchiNtgkuchet al (2020).

According to Krammet al (2020), the average temperature of the Earth is 14.5 °C. Lindzen and
Christy (2020) consider the average temperature as misleading because it is at any place on Earth
almost as kely, at any given time, to be warmer or cooler than average. The temperature anomaly
is much smaller than the temperature variations that all life on Earth regularly experiences, reason
for which it appears questionable. As long as an additional averagpeng would not exceed 1.1

°C, it could remain beneficial to mankind in terms of global wealth (Tol 2009). In view of Table 1
and Eq. 6, an anthropogenic warning of 1.1 °C would hardly be reached until the end of this century
at the present rate of G@hcrease of 0.5 % per year even by retaining the CMIP6 TCR of 1.68 °C.
The minor warming, therefore, remains beneficial to humanity in terms of global wealtO0®)I

and to vegetation (SchukMakuchet al2020).

The origin of atmospheric GQnatural oranthropogenic, has no impact on the climate sensitivity.
Conversely, the balance between natural and anthropogenic fractions as well as anthropogenic or
natur al origin of Earthoés climate change, mi ¢
emissions if the anthropogenic fraction would appear minor. Since these policies have no impact on
the natural fraction, massive expenditures might be useless or at least might have little efficiency.
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Abstract

Solar activity and climate change are characterized by spesifillations. The most relevant ones
are known in the literature as the cycles of Btégllstatt (21002500 year), Eddy (80@.200 year),
Suessde Vries (200250 year), Jose (15385 year), Gleissberg (BDOO year), the 5%5 year
cluster, the 4060 yearcluster plus bidecadal and decadal oscillations, and others.

Herein | review some of my publications on this topic and show that these oscillations emerge from
a specific set of planetary harmonicthe orbital invariant inequalities- produced by the dtan

planets (Jupiter, Saturn, Uranus, and Neptune) and other basic astronomical frequencies related to
the soltlunar tides and orbital period of the planets. The result suggests that both solar activity and
climatic changes are modulated by harmonic @lary forcings. Since these same harmonics are
also found in the climate system, they can be used, in first approximation, to model and forecast
climate change.

As an example, | briefly comment and update a sampirical model for climate change proposed

8 years ago by the author (Scafetta, E&tlence Reviews 126, 321, 2013), which uses some of the
above astronomically determined oscillations in addition to volcanic and anthropogenic- compo
nents. The proposed model &smance af thé GMIPS madeéls used e s
by the IPCC, in particular after 2000, in reconstructing the global surface temperature record.

Introduction

When the 1iyear solar cycle was discovered, Wolf (1859) well understood the physical problem
that this discoveryposed and hypothesized that it could emerge from a planetary influence by
Venus, Earth, Jupiter, and Saturn. The idea was that some type of periodic forcing linked to the
orbital motion of the planets (for example, gravitational tides) could synchromézenternal
dynamics of the Sun by causing it to vary harmoniously at specific frequencies. -Yharlsblar

cycle is today known in the scientific literature as the Schwabe sunspot cycle.

The theory has always been taken with a certain skepticism leetteudistance of the planets from

our star is so great that the gravitational tides induced by them on the surface of the Sun are tiny.
They are, in fact, so smalthat is, of the order of a millimeter or smalido be considered entirely
negligible: see, for example, the discussion in Scafetta (2012a). However, so far nobody has been
able to explain in an alternative way why solar activity oscillates with a cycle of around 11 years.

In fact, the most modern theories on the solar dynamo assure uhehsolar activity should
oscillate, but they do not tell us that it must oscillate with the observed period and phase (Tobias,
2002). These models are appropriately calibrated to obtain something that vaguely resembles reality
(Jiang et al., 2007). Theinability to predict the main cycle observed in solar activity is also
recognized by the same critics of an astronomical influence on the Sun (cf.: de Jager and Versteegh,
2005). Therefore, what is causing the Sun to oscillate with a period, althoughleadround 11

years remains a great mystery.
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In the last 50 years, many improvements have been made, and our knowledge about solar activity
has significantly increased. It has been discovered, for example, thatyearldolar cycle is only
one of thanost evident and macroscopic solar cycles.

In fact, it is a variable cycle, as mentioned. Longer and shorter solar activity oscillations have also
been observed. For example, theygar solar cycle almost disappeared during the great solar
minimum of Maunder from 1645 to 1715; period during which the climate on Earth cooled
significantly by experiencing a Little Ice Age (Eddy, 1976). Other grand solar minima were
observed during the Dalton minimum (179830), around 1960920, and another one is expected
between 2022040 (Scafetta, 2012b). This pattern makes an oscillation of about 115 years (cf:
Scafetta, 2012b; Scafetta, 2014).

In fact, several studies have determined that, in addition to the Schwalye'arislinspot cycle and

its associated 2fear Hale magnetic cycle, solar activity is characterized by several longer
oscillations. These are now known in the scientific literature as the cycles ofi Brajistatt

(2100 2500 years), Eddy (802200 years), Suess de Vries (200250 years), Jose (16585

years), from Gleissberg (B0O00O years), the 3%5year cycles and others: see the numerous
citations in Scafetta (2020). Identical fluctuations are also observed in climate records, suggesting a
close link between solar variability and climate.

These reglts, of course, have made this research not only fascinating from an astrophysical point of
view, but also very useful because it can be used to develop models able to predict climate changes:
see, for example, the analyzes proposed in Neff et al. (28@1r),(2001), Ogurtsov et al. (2002),
Steinhilber et al. (2012) and other studies including those proposed by Scafetta and collegues.

Therefore, understanding solar dynamics has become increasingly important. Due to the inability of
traditional solar modsl to explain the observed solar activity changes, in the last twenty years
several works have appeared fopreposing and modernizy Wolf's 1859 idea o link between

solar variability and planetary motions, which still today appears to be the only one capable of
explaining solar oscillations.

Experimental evidence of a planetary influence on solar activity ranges from theedystioat

various solar flares and other phenomena of a certain intensity occurred during specific planetary
alignments (Hung, 2007; Bertolucci et al., 2017; Morner et al. 2015), to the observation that there is
a certain spectral coherence between soleords and the functions deduced from the orbital
motions of the planets of the solar systems. One of these commonly used functions is the motion of
the sun relative to the center of mass of the solar system, which must, however, be understood as a
proxy for conveniently determining the natural gravitational oscillations characterizing the solar
system (Fairbridge and Shirley, 1987; Abreu et al., 2012; Scafetta and Willson, 2013; Scafetta et al.,
2016; and others).

One of the aut hor Z020) ideatifies thaoretiwally akset 6f planataryehiarmaenics
which appear to be responsible for the observations. These derive from the synodal cycles of the
great jovian planets (Jupiter, Saturn, Uranus and Neptune) and their combinations or mutual beats.
The main physical characteristic of these harmonics is that they are invariant with respect to any
rotating reference system such as the sun and the heliosphere. This property is hecessary to activate
the synchronization processes between weak extermabhar forcings and an oscillating dynamic
system, as initially discovered by Huygens in the 17th century who was impressed by the mutual
synchronization of two pendulums attached to the same wall which after a while began to oscillate
in the same way (Stgatz, 2009). For these properties, these planetary oscillations have been

| abel ed Aorbital invariant inequalitieso.

Sectionl summarizes the orbital invariant inequality model proposed Scafetta (2020). The result is
purely theoretical and can be obtainadyoby using the welknown orbital periods of the four
Jovian planets: Jupiter,; E 11.86 year; Saturn,,T= 29.46 year; Uranus,3T= 84.01 year; and
Neptune, T = 164.79 yr. The model prediction is then compared versus the empirical results by

Science of Climate Change 99



Neff et d. (2001), McCracken et al. (2013) and Scafetta et al. (2016). This model reconstructs the
main long solar cycles.

Section?2 briefly discusses additional spectral coherence evidences linking planetary motions to
climatic oscillations observed in the globaurface temperature record at the decadal and
multidecadal scales. Details regarding the material and methods yielding these results are found in
Scafetta (2010, 20124 2013; 2014; 2016 2018; 2021a).

Section3 updates the graphs published in Scafet@@l82 that compare the performance of the
CMIP5 climate models adopted by the Intergovernmental Panel on Climate Change (IPCC) in 2013
versus a serempirical model that uses some of the identifies astronoioadarent climate
oscillations to reconstruché natural variability of the climate system. The sempirical model

also contains volcano and anthropogenic signatures evaluated as discussed in the above publication.

Finally, the conclusion section summarizes the results and briefly comments anBEkiemded
comments are found in the original papers.

1) The orbital invariant inequalities induced by the jovian planets

This section briefly recalls the definition of the orbital invariant inequalities. Details are found in
Scafetta (2020).

In celestial nechanics, given two harmonics of periodahd T, and two integersinand n, it is
said that there is a resonance ifTk = m/n,. In general, this identity is not true and an inequality
with frequency f and period T is defined as:

1

(1)

The simplest cases deduced from equation (1) are the conjunction periods between two planets, also
called synodal periodsee Table lwhich are defined as a beat, that is, as:

1 |1 1
127+ T+ 7 — (2)
T, [T,
Equation 2 an be generalized for a number n of harmonics such as:
1_|2 a
f===a =, 3
T gi‘ 3)

where aare integers. Among all the possible orbital inequalities given by equation (3), there is a
small subset which is defined by the condition:
aa=o0. 4)

i=1
The synodal periods (Eq. 2) and all beats among them characterize the frequencies of this subset.

The condition imposed by equation (4) is very important because it defines a set of invariant
harmonics with respect toratating system such as the Sun and the heliosphere. In fact, given a
rotating reference system centered in the Sun with period P, the orbital periods or frequencies seen
relative to it are given by:

(5)

Tk

gzt
T
Hence, withrespect to this rotating frame of reference, the orbital inequalities are given by:

. i_ é.i'llaﬁ
ar

f‘:i:
T

N i
as

: (6)
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Orb. Inv. Ineq. Period (yr)  Julian Date  Long.
Jup-Sat (1,-1,0,0) 19.8593 24517184 52° 01’
Jup—Ura (1,0,—1,0) 13.8125 2450535.8 305° 22/
Jup—Nep (1,0,0,=1) 12.7823 2450442.1 297° 21’
Sat—Ura 0,1,—1,0) 45.3636 2447322.1 269° 05’
Sat—Nep (0,1,0,-1) 35.8697 2447725.6 281° 14
Ura—Nep (0,0, 1,—1) 171.393 2449098.1 289° 22/

Table 1 Synodal periods of the Jovian planets.

If the condition of Eq. 4 is imposed, we have that f' = f and T' = T. Thexeflois specific set of
orbital inequalities remains constant regardless of the rotating frame of reference from which they
are observed. In other words, for example, the conjunction of two planets is an event that is
observed in an equivalent way in abtating systems centered in the Sun. For this physical
property, the orbital inequalities fulfilling by the condition given by equation (4) can be defined as
invariant

Table 2 reports the orbital invariant inequalities generated by the large planetsr,(JBgturn,
Uranus, and Neptune). They are listed using the formalism:

T=(a,8,3,3,), (7)

where @, &, & and a are integers such that their sum gives zero, according to Eq. (4). Each index
refers to a jovian planet accordirgthe usual order from Jupiter to Neptune.

The harmonics are divided into clusters or groups that recall the solar oscillations known in the
scientific literature and which have been listed above in the Introduction. The same harmonics are
also shown in Fgure 1 and reveal a harmonic structure with a base period of 179.2 years. This

periodicity corresponds to a frequency of 0.00558 1/year and the resulting harmonic is known as the
Josebdbs cycle (1965).

The harmonics were listed using two indices M and K. st important here is K which is equal

to half the sum of the absolute valudghe coefficients jghat form a harmonic. Since Eq. 4 must

hold, K indicates the number of synodal frequencies between the Jovian planets that make up these
orbital invarant inequalities.

v =0.00558 1/year Invariant Inequalities 1 <M= 5

generic

0 1w 2w Jw 4y 5w v Tw B Oy 10w 11y 12v 13w 14w

Frequency (1/year)

Figure 1 The orbital invariant inequalities of Jovian planets.
Note the clusters structured according to a harmonic series based on the Jose cycle.
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(Jup, Sat, Ura, Nep) (M., K) T (year) cluster

(1, —3,5,—3) (5, 6) 42.1 ~ 45 yr
(0,0,4, —4) (4, 4) 42.8

(2,—5,1.2 (5.5) 43.7

(1,—3,—-3.5) (5, 6) 43.7

(1, —2,0,1) (2, 2) 44.5

(0,1, —1,0) (1, 1) 45.4

(1, —4,2,1) (4, 4) 46.3

(1, —1,—-5,5) (5, 6) 47.2

(1,—3,4,-2) (4, 5) 55.8 ~ 60 yr
(0,0, 3, —3) (3. 3) 57.1

(2, —5,0,3) (5.5) 58.6

(1,—-3,—-2.4) (4, 5) 58.6

(r,—2,—1,2 (2, 3) 60.1

(O, 1,—2,1) (2, 2) 61.7

(1,—4,3,0) (4, 4) 63.4

(1,—3,3,—1) (3.4) 82.6 Gleissberg
(0,0,2, -2 (2, 2) 85.7

(2, —5,—1,4) (5, 6) 89.0

(1, —3,—1,3) (3.4) 89.0

(1, —2,—-2,3) (3. 4) 92.5

(O, 1,—3,2) (3. 3) 96.4

(lI.—4.4,—1) (4, 5) 100.6

(1,—-3,2,0) (3.3) 159.6 Jose
(0,0,1,—1) (1, 1) 171.4

(2, —5,—-2,5) (5.7) 185.1

(1,—3,0,2) (3. 3) 185.1

(1,—2,—-3.4) (4.5) 201.1 Suess—de Vries
(O, 1, —4,3) (4, 4) 220.2

(1,—4,5,—-2) (5, 6) 243 .4

(O, 1,—-5,4) (5.5) 772.7 Eddy
(1., =2, —4.5) (5, 6) 1159

(1,—3.1.1) (3. 3) 2318 Bray—Hallstatt

Table 2: The orbital invariant inequalities of the Jovian planets
up to the order$/ (= maximum value ai) anl (= half the sum of [§).
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Figure 2: Solarand climatic frequencies compared with orbital invariant inequalities.

For example, the cycle (13,1,1) has K = 3 and can be decomposed into three synodal cycles as it

is equivalento (1,-1, 0, 0)- (0,1,-1, 0)- (0,1,0,-1). Therefore, (1;3,1,1) is a beat obtained from

the combination of the synodal cycles of Jupfaturn, Saturtranus, and SatufNeptune. In the

same way it is possible to decompose any orbital invariantaliég; Hence, these harmonics are

the beats of the synodal cycles and can all be obtained using the periods and time phases listed in
Table 1.

The physical importance of the harmonics listed in Table 2 is shown in Figure 2 which compares a
reconstructionof the inferred solar variability from &C record, and a climatic reconstruction
deduced from a record 410 from 9500 to 6000 years ago (adapted from Neff et al., 2001). As the
figure shows, the two records are strongly correlated and have numeroommdnequencies
corresponding to the cycles of Eddy (8000 years), Suessde Vries (200250 years), Jose

(155 185 years), Gleissberg (BDOO years), the cluster 655, the cluster 480 and others.

In Figure 2B the common spectral peaks in the twordscare compared against the clusters of the
invariant orbital inequalities (red bars) shown in Figure 1 and listed in Table 2. Figure 2 shows that
the orbital model well agrees with all the principal frequencies observed in the solar and climatic
data fo millennia.
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in tre alternativi record solari: da McCracken et al. (2013).

This can be shown more explicitly by directly reconstructing the greatiBlrafistatt cycle (2100

2500 years). According to the proposed orbital model, this long oscillation is driven by the orbital
invariant inequality (1;3,1,1), which has a period of 2318 years. This cycle was studied in detail in
McCracken et al. (2013) (Figure 3) and in Scafettal.e(2016). Following the equations shown in
Scafetta (2020), the complete reconstruction of the Bidgllstatt cycle (red curve in B) using the
orbital invariant inequality (1;3,1,1) (blue curve in A and B) is shown in Figure 4. To appreciate
betterthe result, note that also the phase of the cycle is predicted by the same model.

2) Additional evidence linking planetary motions to climatic oscillations at the decadal and
multidecadal scales

Additional analyses showed that climate oscillations andwargravitational oscillations of the

solar system are spectrally coherent. In addition, also thdusali tidal induced oscillations are
expected to affects the Earth's climate by directly modulating the atmospheric and oceanic
circulation. In generalve should expect the climate system to be mainly modulated by a series of
complex cycles that mirror the astronomical ones. This hypothesis is currently supported by several
empirical evidences using the available solar, astronomical, and climatic dadaguidy a number

of authors (e.g.: Scafetta, 2010, 2013; 2014; 2016; 2018; 2021a, and their references).

Figure 5 shows a timfgequency analysis comparison between the speed of the sun relative to the
barycenter of the solar system (which can be corside good proxy for empirically determining

the main gravitational oscillations of the solar system) and that of the HadCRUT3 global surface
temperature published in Scafetta (2014). The figure comparison clearly indicate that the global
surface temperata is characterized by multiple astronomical oscillations at the decadal and
multidecadal scales, as first noted in Scafetta (2010) and confirmed in Scafetta (2016, 2018) with
the most advances spectral coherence techniques.
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Figure 4 Reconstruction ofhe Brayi Hallstatt cycle (21002500 years) (red curve in
B) using the orbital invariant inequality (33,1,1) (blue curve in A and B). Details in
Scafetta (2020).

The climateastronomical common cycles include the following climatic and solar systaliaosc

tions at about: 5.93 years, 6.62 years, 7.42 years, 13.8 years, 20 years, 60 years. These oscillations
are mostly related to Jupiter and Saturn, and the harmonics and subharmonics of their synodical
cycle of 19.86 years. In particular, the quasiygfr cycle is linked to three Jupiter and Saturn
conjunction cycles that complete a great conjunction trigon.

A Speed of the Sun Global Surface Temperature B
BLE "~ TN ﬁ?’ﬁ—}_

frequency (1/year)

0 0
1900 1910 1920 1930 1940 1950 1960 1970 1910 1920 1930 1940 1950 1960
ear ear
y y effective solar cycle
and its harmonic

Figure 5.Frequency comparison: [A] Timequency analysis (L = 110 years) of the
speed of the Sun relative to the center of mass of the gsi@ns [B] Time frequency
analysis (L = 110 years) of the HadCRUT3 temperature record after a quadratic fit was
removed to eliminate the natationary upward bias (from Scafetta, 2014).
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IPCC CMIPS prediction (relative to pre-industrial temperatures)
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Figure 6.[Top] The average projection of the CMIP5 model enseraginst the GST
HadCRUT4 record from January 1850 to January 2021 (black) (IPCCC, 2013).
[Below] The solarastronomical seraempirical model with respect to the same climatic
data proposed in Scafetta (2013). The colored area indicatégnia dispersionrém

the average among the individual model simulations.

In fact, consecutive Jupit&aturn conjunctions occur at about 120° from each other, and after three
events, the conjunction occurs nearly at the same position of the sky: see the discussioftan Scafe
(2012d).

Moreover, we find among the astronomical cycles, the-9e28 cycle due to the spring tide on the
Sun of Jupiter and Saturn, and the 13y8@r orbital cycle of Jupiter. These two cycles bound and
contribute to generate the -Ygar solar cyle as explained in Scafetta (2012a, 2012b). In the
diagram referring to the climate system we find the signature of tlyedrlsolar cycle, which was
slightly longer at the beginning of the®™6entury and became shorter at the end of tiecgatury;

the average period of this cycle during the considered period is 10.4 years, andytsa Sy&le,
which is also evident in the temperature dyagram, appears to be its first harmonic.

Finally, we find in the climate system a cycle with period equal tota®dyear. This oscillation is
missing the main frequencies of the speed of the sun relative to the barycenter of the solar system.
Scafetta (2010) and the supplement file in Scafetta (2012c) argued that this cycle is likely linked to
a combination of tb lunar apsidal line rotation period of 8.85 years, the first harmonic of Saros
eclipse cycle of about 9 years and the first harmonic of théus@r nodal cycle of 9.3 years. These

three lunar cycles should induce equivalent tidal cycles with an avpesigpel of about 9.1 years

that could affect the climate system.
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Scafetta’s 2013 model vs. IPCC CMIPS prediction (relative to pre-industrial temperatures)
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Figure 7. [Top] Zoom of Figure 6 bottom. [Below] The same model against the UAH
lower troposphere global temperature record calibrated on the HadCRUT4.6 in the
period 19791990. The greenraa indicates the prediction of the average CMIP5
models. The yellow one is the prediction of the model proposed in Scafetta (2013).

3) Update of the semiempirical climate model proposed in Scafetta (2013)

Scafetta (2013) proposed a semiempirical model baseskveral of the astronomically identifies
cycles discussed above. A model with additional high frequency cycles was proposed in Scafetta
(2021a). Herein we update the model proposed in 2013 to check its forecasting ability.

The Scafetta (2013) model indes a 9.4year cycle due to solumnar tidal influence, and several
astronomicabolar cycles such as a 1§/8ar solar cycle, 2Qear, 60year, 115year cycles and an
asymmetric quasmillennial cycle with minimum in 1700 and maxima in 1080 and 2060, a
theoretically deduced from the astronomisalar model discussed in Scafetta (2012b). The model
was then completed with a volcano and anthropogenic component deduced from the prediction of
the CMIP5 global circulation models assuming, however, a hatliethte sensitivity to C®

forcing because the identified natural oscillations can reconstruct by alone at least 50% of the
warming observed since the grelustrial period of 1850900: see the discussion in Scafetta
(2010, 2012c, 2012d, 2013).

Figure 6 compares the proposed astronomizated model and the CMIP5 global circulation
model sé6 average output versus the HadCRUT4. 6
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January 2021. The proposed astronordizeed model not only fits climate data eetthan the

IPCC models since 1850 (as demonstrated in Scafetta, 2013), but also predicts only a moderate
warming from 2000 to 2100. The result would imply that climate adaptation policies should suffice
to address future climatic changes, which is a eleonclusion since the mitigation policies are

far more expensive.

Moreover, it is necessary to consider that recent stu@eafdtta and Ouyang, 201Scafetta,

2021b) determined that about 20% of the global warming observed from 1950 to 2020 cugd be

to nonclimatic factors such the warming associated the urbanization development of most of the
inhabited world regions since 1950. By considering that about 0.15 °C of the warming recorded in
the dataset could be spurious, the observed disagreemsveehethe data and the CMIP5
prediction further increases, while the agreement between the data and the proposed astronomical
based model based on astronomical cycles further improves.

In fact, Scafetta (2021b) showed that from 1980 to 2020, the rdzlgh@rming trend should be

more consistent with that observed in the UAH lower troposphere temperature i®genddr et

al., 2017. Figure 7 shows a zoom (from 1980 to 2032) of Figure 6 (bottom) using the HadCRUT4.6
record (top) and the equivalent diagr using the UAH6.0 record. The latter figure shows an even
better agreement bet ween the data and the p
disagreement with the model predictions increases.

4)  Discussion and Conclusion

Solar and climate data frothe past 11,000 years show highly correlated variability characterized

by several common harmonics such as the Brijallstatt cycle (21002500 years), Eddy's (800

1200 years), Suesgsde Vries (200250 years), Jose (16585 years), Gleissberg (BD00 yeas),

55i 65 year cycles, bidecadal and decadal cycles, and others. Above we saw that all these harmonics
are predicted by a set of orbital frequencies calledottital invariant inequalitiesand other
astronomical cycles usually related to the planetatyital cycles, and their harmonics and
subhar monics. Additional <cycles are related t

In particular, the orbital invariant inequalities derive from the synodal cycles of the great jovian
planets (Jupiter, Saturn, Uranus, and Neptune).sdhearmonics have an important physical
characteristic: they are invariant with respect to any rotating reference system and, therefore, they
have the potential to synchronize the solar dynamo at specific frequencies.

Scafetta's study (2020) complemententstudies, including some of his own where the proposed
planetary models predict the-Y&ar solar cycle, this time using the orbital harmonics produced by
the first harmonic the (25, 2) invariant inequality between Venus, Earth and Jupiter (whias giv

a period of 11.07 years), and the combination of Jupiter and Saturn tidal harmonics at 9.93 years
and 11.86 years. That Venus, Earth, Jupiter and Saturn could be involved in generating the variable
11-year solar cycle was already guessed by Wolf badl8b6: see detailed discussions in Scafetta
(2012a, 2012b, 2014).

Common criticisms to @lanetarysolarclimate hypothesis have mostly focused on the physical
mechanism by which the planets could influence solar activity. Even if, at the moment, tlvalphysi
problem is not fully resolved yet, the criticism appears weak because it does not demonstrate the
non-existence of such a mechanism, but only the fact that the exact mechanism or a multitude of
them are still debated. Indeed, no solar model that assoarestar as a body physically isolated

from the rest of the solar system has been able to explain the observed solar cycles at any time
scale. The author would like to point out that critics should propose an alternative theory capable to
explain betterthe multitude of the observations, not just complain that planstdayclimate
hypothesis is not a fully established theory yet.

For example, it is entirely possible that the effect of the small gravitational tides of the planets on
the Sun are ampléd by a million times, by internal nuclear fusion mechanisms (see the model
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proposed in Scafetta, 2012a) and/or that planetary periodic configurations modulate flows of matter
inside or outside the solar system which, by falling on the Sun or on the &artth, modulate its
activity: see also Bertolucci et al. (2017) and Scafetta e2@R0p) Furthermore, the harmonic
synchronization processes can also be activated by weak oscillating forcings.

The important result is that all these astronomical osiofia are found in the climate system as

well, which make possible, at least in principle, to partially forecast climate change on the decadal
to secular or even millennial scales. Indeed, harmonic climate models have been proposed and also
the updates shn above indicate that they perform much better than the CMIP5 global circulation
models used for example by the IPCC.

The latter models not only fail to properly reconstruct all oscillations found in the climate system,
but the datanodel divergence hdseen significantly widening since 2020, which indicates that the
CMIP5 and similar global climate models overestimate significantly the climate sensitivity to
radiative forcing by at least a factor of two. This failure would be even larger if one conbaters
about 20% of the post 1950 warming could be spurious because due to urbanization and -other non
climatic factors as also a comparison against the UAH global lower tropospheric temperature
suggests (cfScafetta and Ouyang, 2018cafetta, 2021b).

In conclusion, the collected evidence shows, in a sufficiently convincing way (at least this is the
opinion of the author), that solar activity is very likely modulated by planetary harmonics which are
then impressed in the climate system of the Earthusrthese same harmonics are also observed
in climate changes.

To understand the interconnection among these phenomena, it is necessary to discover not only how
the Sun behaves but also the physics of the solar system and how the matter moves kathin it.
example, the 6@ear cycle is observed also in the meteorite fall recd@dafétta et al., 202@hat,

together with a cosmic ray flux, implies the possibility of climatic particle forcings of the cloud
system which has an astronomical origin and dempnt the radiative ones.
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Abstract

Based on the premises that thereaidigh rate of agreement among the scientific community
concerning the key factors driving climate change, there have been growing calls from the public to
ounite behind scienced. Howalvleed @l icraated urld e e
raises serious questions about the validity of this claim.

This work analyses key peer reviewed publicat
focusing on O6consensus® publications that ar ¢
subjective positioning and beliefs of scientists, obtained mainly from surveys.

We have used a 90 % agreement rate as a reasdnadsirold forindicating consensus, and found

that, in fact, an above 90 % consensus agreement rate is only achievedring fdnd selection

bias. The same pattern was observed in the different studies analyzed, and we show that no
6consensusd has actually been documented.

The work further substantiates that the central anthropogenic global warming hypothesistief scien
fic consensus has not only not been documented, but in fact does not exist in the analyzed material.

Despite the obvious weaknesses observed in these climate consensus publications, the climate
science community is yet to refute these claims which mightteadisinformationon the public

scene. Hence, the objective of this study is to change this, as well as to shed light on patential
analysis issues in economic style surveys on climate change.

Keywords: Climate Clange,ConsensusSystematic Revie@anple Selection Bias

Introduction

Current climate science is at the forefront of a large portion of political discussions and debates.
Hence, a phalanx of public voices from within as well as from outside the scientific community are
demanding itmd oulme t ®ecibemced. One of the key im
this political demand, i's that Oscience i s se€
factors driving climate change, . uniting behind an IPCC endorsed aogfugenic global war

ming (AGW)iview on climate science, specifically pinpointing to a dominant key facta, |.
anthropogenic greenhouse gas (GHG) emissions, especiafly T8 GHGAGW-hypothesis is

also at the fore and center of most political mitigatmeasures, as laid down in the Paris climate
accord.

There is a seemingly credible scientific jusHi
GHG-AGW-hypothesis. This is the smlledclimate consensysvhich is postulated in a number of
widely cited manuscripts (Cook et al. (2016), Cook et al. (2013), Doran & Zimmerman (2009),

A Submitted2021-:03-31. Accepted2021-06-21. Anonymously eviewed https://doi.orgl0.53234/scc202111/211
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Oreskes (2004), Verheggen al.(2014)), of which the most prominent one is the 97 % agreement
notion created by Cook et €2013).However, careful scientific scruty reveals that the stalled
climate research consensus claim might actually be unfounded.

This work details a systematic review and debunking of-pmeew published climateonsensus
assertions, concentrating on those papers which claim to suppamadectonsensus based on a
methodology which goes beyond the one employed by Cook @0413). These papers are based

on measuring the level of agreement in climate science, by analyzing the convictions of scientists
with surveys. The pioneering work foing this type of methodology is Doran and Zimmerman
(2009), following in their footsteps, some of the key papers include works from Verheggen et al.
(2014), Stenhouse et al. (2014), and Carlton et al. (2015). Lastly, in a similar fashion Anderegg et
al. (2010) studiedhe publicly stated opinions of scientists in a database.

Material and Method

We scrutinized the peeeviewed scientific literature for claims of having confirmed or documented

a climate consensus, starting with the key paper of Cook €Hl3) and working both backwards

and forward. We are certain that we have captured the key works. We evaluated all papers for what
they actually did and organized the results in categories as well as discussing key findings indivi
dually. We concentrate on t he question of a documented adg
guestion of the GHEAGW-hypothesis being the key climate factor to explain today's climate
patterns. We used 90 % agreement as a threshalitlioating a consensus.

While we cannt fully exclude that there may be additional work claiming to support a climate con
sensus, we are certain that we have captured the key ones, and thus covered the key methods tc
arrive at a consensus claim notion in pleerreviewed literature.

Resultsand Discussion

1 Background on Climate Change Consensus Studies

Investigations trying to gauge and quantify the level of agreement in climate science, typically
conducted in the att emptcantbe cajgorzedentoawo dnainn gatmat e
goriesas shown in Figure 1. In the first main category, the analyses are babedpositioning and

beliefs of active scientists. This main category comprises subcategories. In thebfiategory, the
analysis iscentered around the positioning alientists, in the abstracts of published wsorkhe
pioneering work here is from Oreskes (2004), while the key reference is the 97.1 % claim from
Cook et al. (2013).

The second subcategory comprises works which employ a different methodolgyauginghe
beliefs and convictions of scientists with surveys. Here the pioneering work was published by
Doran and Zimmermann (2009), while the key reference is Verheggen et al. (2014).

The third subcategory contains athscientisticentered methodologiesuch as the work of
Anderegg et al. (2010), which created and analyzed a database of scientists, which were categorized
according to their publicly stated positions on climate change either supporting or criticizing the
InternationalPanel on Climate Change (E).

In the other main category, the views and statements of the scientists are not being gauged, but the
actual published data are input to the analysis. Thus, the analysis is baskdtdhe published

study presented in terms of results, investigationedelling, scenarios, reviews, etc., which
actually contributes to the underlying scientific question, and the-BB®/ hypothesis.

In Figure 1, the current situation for climate research is summarized. isheemumber of publi
cations in the first maicategory, both as abstract analysis, survey investigations, or other scientist
centered analysis, while as of today no daatered investigation has been conducted and reported
in the scientific literature thus far.
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Consensus-Analyses in Climate Research

Data/study results

Scientists centered analyses
centered analyses

—]! S I
Abstract analysis |;|Surveys Other, e.g. Scientists i
i Database : )
Oreskes 2004 | Doran and ! None published
; 1
Cook et al. 2013 I Zimmerman 2009 Anderegg et al. 2010 . so far.
Cook et al. 2016* . | Verheggen et al. 2014 1
Powell 2015, 2016, | Stenhouse et al. 2015 1
2019 1 | Carlton et al, 2017 i
l i

* Detailing the arguments of e @ v = 0 = v e e e e e e e e = e s
Cook et al. 2013 in response

et It: Pioneering paper
to criticism

Bold: Key reference

In-scope of this

Primary Secondary . I investigation

Figure 1. A visual representatiaf the main categories and sabtegories of the type of
consensus analysis in climate researciié¢gories of re:look climate).

We consider this to be the key finding of this systematic evaluation: The climate consensus claim is
only based on investigatis of the stated beliefs and positionings of scientists, be it via abstract
analysis, survey, or other methodology. What the vast amount of data published actually tells the
community, in an attempt to present a consetgus agreement rate, has not geen investigated.

However, this analysis will show that even within this narrowed scope of only focusing on the
beliefs and convictions of scientists, n-o 6co
ously documented by reanalyzing and refutimg lighthouse 97.1 % consensus claim published by
Cook et al. (2013) that the abstract analysis type of consensus claims are in fact not showing
anything resembling a O6scientific consensus?®o.
waiting to bepublished (Lengsfeld et al., 2021).

The analysis presented here will concentrate on the consensus works centering around the analysis
of beliefs and statements of scientists by surveys or scientist database analysis. On Figure 1, this is
showninthebldcs 6 Surveys6 and 6Scientists Databasebod

In conjunction with the authors themselves, we would consider survey or database categorization
investigations to be supportive evidence for a consensus at best. However, the analysis is still worth
pursuing as it vil both show why all works in fact do not support the notion of a climate consensus,
and moreover give a strong hint on how the climate consensus notion has in fact been constructed.

Firstly, three consesussurvey works were analyze®¥erheggen et al. (Bl4), Stenhouset al.
(2014)andCarltonet al.(2015), all of which followed in the footsteps of the 97.Jpbblication of
Cook et al(2013). Secondlywe weredrawing on some of the key findings and connections to the
pioneering work of Doran and Zimarman (2009), and finally we conclude with the analysis of the
key work on the scientist categorization by Anderegg et al. (2010).

2 Analysis of Verheggen et al.

Verheggen et al. (2014), a paper which has John Cook asaatlor, can be considered as a
6eansensusd survey gold standard work (simila
subcategory. The survey was conducted among climate scientists identified by a literature search.
Verheggen et al. (2014) contacted 6,550 scientists, of whicl8 1286%) responded. The survey
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contained two questions, which are directly relevant for the @I@8V-consensus hypothesis,
i. e. on the qualitative and quantitative attribution of GHG (dominant influence) for global warming
since industrialization began.

The answers to these questions clearly fell below a consensus threshold: an 82 % agreement on
gualitative and a 66 % agreement of quantitative attribution. However, the authors drove these
numbers by means of filtering, albeit at the cost of a signifigaretilucedbase. Using filtering
according to the number of publications which each respondent has in this field, the authors
managed to considerably ridee agreement rates.

However, only in the subgroup with the strongest filtering, the IPCC AR (aessment report) 4

WG (working group) 1 authors group, the 90 % agreement threshold was passed, at least on the
gualitative attribution, while notably even this select group did not pass a consensus threshold on
the quantitative attribution question (agrent rate being still slightly below 80 %). This filtering
considerably drove down the base number of scientists. The strongest filter, AR4 WG1, necessary
to achieve the consensus threshold agreement rate of 90 percent, reduces the number of responses t
Q3 from 1747 scientists to 165.

The effect of the filtering driving up thagreement rate while significantly lowering the base is
envisaged in Figure 2, using the data for Q3 of Verheggen et al. (2014). It should bthabtled
filtering not only signiicantly reduces the base, but also shifts the evaluation.

Q3 (the qualitative contribution of greenhouse gases being (tied) highest amongst several natural and
anthropogenic factors) (percentage starting at 50%)

2000 100%
1800 95%
L R T R 90%
1400 85%
1200 80%
1000
800
600 65%
400 0%
200 l l l 55%
0 - 50%
All -3 publications 4-10 publications 11-30 publications 2-300 publications AR4 WGI author

mm Actual Number (including undecided) Consensus Percentage (including undecided)

Figure 2. A graphical representation of the key results from Verheggen et al. (2014).
(Question 3: The qualitative contribution of greenhouse gases being (tied) highest
amongst several naturalnd anthropogenic factors. Data and exact phrasing taken
from Verheggen et al. (2014), Figure 3 left side, and Table S3 from SI, Q3 (data
including undecided)).

The fgure shows both the actual numbers of scientists and the percentage agreement.
The consesus threshold of 90 % (indicated the fgure with a dotted line) is only
achieved for the group with the lowest number of scientists (AR 4 WGL1 authors), i.e.
after strongest filtering.

While originally any active climate scientists were surveyed, broat#iytified by a literature
search, theatchy consensus threshold level agreement rate is only achieved in the highly selected
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group of the IPCC AR4 WG1 of 165 scientists representing less than 10 % of the respondents, and
less tharB % of the scientistsriginally contacted.

Just as a side note: It seems highly likely, although not analyzed by Verheggen et al. (2014), that the
response rate of the IPCC AR4 WG1 authors was considerably higher than that of the overall group
(which was 29 %), and it seemsopable that IPCC AR4 WG1 authors supportive of the IPCC
positions had a higher interest in respondindutther reinforcehe already evident selection bias.

3 Analysis of Stenhouse et al.

Very similar patterns are seen in the investigations by Stenhaiugke (2014). Stenhouse et al.
(2014) surveyed 7062 members of the Ameri can

respondentsdé (n=1821, response rate 26 %) t |
consensus threshogladbalThwargmiersdg i happgidrsi ng? | f
answered with 52 % fiyes: mostly humano and 10

Filtering again changed the numbers: Setting a filter which only looks at those members of the
American MeteorologidaSociety (AMS) who are active in climate research, drove the numbers up
in the direction of 90 %. To the above quoted
is its cause?0 the highest agreementachiesedia, 78
the group of AMS members with the area of exfy
Aimostly climateo. Again, the filtering signif
scientists. And, a clear selection was intraetly while from the original AMS members now only

those with asellecl|l ared ficli mate scienceodo expertise
contributed to the judgment call. Evidently, this reduction in base from 1821 to 124 has increased
the percergge to the question from 52 % to 78 %, however, even with this filtering Stenhouse et al.
(2014) are still not close to the 90 % threshold for a consensus.

4 Analysis of Carlton et al.

We now moveon to Carlton et al. (2015), who surveyed scientists beyloadore field of climate

and meteorology. The survey went to scientists of the 10 biggest American universities active in life
and technical science in the broader sense. The group survey comprised a sample of 1868 scientists
and received 698 respons&¥.@4 % response rate). The core results in this survey are not easily
digestible as the questioning was in a cascade form. The answer relevant to th&GBHG
hypothesis is the following cAdAa®@bi0ovatilenvel 3 d
tha t mean gl obal temperatures have generally
answered with ARiseno the following question
significant contributing factor in changing mean global temperae s ? 0 . Finally, I f
Afyeso the following question was present-ed: C
ficant contributing factor in changing mean ¢

When looking solely at Q12 and combining the percestagef r om fA&ut e@ mahgd A
sur eo, 58.23u% ¥g3bt32 % = 88.55 %, which is still shy of a 90 % agreement rate.
However, it is also important to note that progressing from Q3 to Q12 reduces the base size, as this
88.55% is not based on theginal 698 responses. Given that Q3 was given to all 698 scientists and
the percentage of those who replied ARiIiseno i
woul d also be the base value for Q4. 9%b6%Tt ef or
653 = 631. This 631 is the actual base value in Q12, this means that the 88.55 % is from 631 which
yields a value of 559 scientists. If this is compared to the original 698, that would give only a per
centage of 80 % of the original samplewhoys t hat ei ther they are AEX
that human activity is a significant contributing factor in changing global temperatures (Figure 3).
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Start: Survey of Scientists of 10 biggest American universities

Survey sent to 1868 scientists beyond core climate and
meteorology — 37.4 % responded

698 scientists (base value)

v

Q 3 “When compared with pre-1800's levels, do you think that
mean global temperatures have generally risen, fallen, or
remained relatively constant?”

“Risen” 93,48 %

653 scientists

A 4

Q4 “Do you think human activity is a significant contributing factor
in changing mean global temperatures?”

“Yes” 96,66 %

631 scientists

b

Q12 “How sure are you that human activity is a significant
contributing factor in changing mean global temperatures?”

“Extremely sure” 53,23 %

“very sure” 35,32 %

Y\

Suggested value:

Real value:

88,55 % = 559 scientists
88,55 %

559/668 = 80 %

Figure 3: lllustration of the filtering/cascading performéud Carlton et al. (2015)
analysis toachieve a higher agreement.
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Carlton et al. (2015) did not necessarily employ filtering to increase this 86 % agreement rate,
nonetheless it is important to note that the value is not based on the whole sample. Additionally,
they did display in the text@nclusionary sentence; by only combining the answers of Q3 and Q4,
omitting Q12AToget her , these two facts reveal t hat
anthropogenic climate changeo.

We would clearly state t hatareoyouthat humayp activitysisnae r s
significant contributing factor in changing mean global tempara e s ? 0fis csme&wh ats s
and Anot sure at all 6 and t hus -thpestold passing levgl t h
in the text, is not judiied.

u
€

5 Analysis of Doran and Zimmerman.

It should be noted that theesnergedcriticism against the original pioneering work of Doran and
Zimmerman(2009), from which Carlton et al. (2015) copied their question Q3 and Q4. The critics
guestioned the valith of the survey regarding how imprecisely the key questions were phrased
(Granqvist, 2009; Helsdon, 2009). However, the imprecise questions may in fact not be the key
weakness in the pioneering work of Doran and Zimmerman (2009).

The key weakness, agais,the use of filtering, which was already employed in this pioneer work,
and also resulting in a clear selection bias. The survey was sent out to 10,257 earth scientists, of
which 3146 scientists responded (response rate 31 %). In the overall resRo¥san8wered the

key question of ADo you think human activity
gl obal temperatures?o0, with Ayeso. This si s t
directly relating to the GHAGW hypothesis. This result clearly falls flat of a 90 % consensus
threshold. The agreement rate goes up with filtering, albeit at the expense of a significantly reduced
base.

h

The 90 % agreement rate threshol d-Clinsatteo ucchhaendg e
and passed with a 95 % agreement in the subgr
climate changeodo (defined as mo rthekeyterensthe 6hift% o f
of base: Doran and Zimmerman (2009) onlgntioned the number for the subgroup with the
highest agreement rate: The 95 % agreement rate was reached only in an elite subset of 79 scien
tists ACl i mat ol ogi st s, sohno calriemaatcet icvhea npguebol,i swhheirc h
respondents ahless than 1 % of the scientists who received the survey.

6 Analysis of Anderegg et al.

The final work to be considered is Anderegg et al. (2010), which is not a survey, but a database
analysis of active scientists categorized according to their postia@imate change. Anderegg et
al. (2010) assembled a database of 1,372 active climate researchers and classified these scientists ir

t wo categori es: 6convinced of the evidenced ¢
signed statements relatinig the IPCC. The results are striking, especially if one compares them
with a 90 % consensus notion: 903 (66 %) were

sizable 472 scientists (34 %) wer e cdhate3gor i z
scientists aréoundin both categories). Thus, this detailed analysis is in fact the first@éewed
documentation that, at least till 2010, there was nothing resembling a scientific consensus in the
climate research community.

Only when usinga filtering according to the number of publications did Anderegg et al. (2010)
arrive at 90 % and above O0convincedd scientis
to have found a 97 % 0 c o wdteragas dhéhsftiofeoase. Themop t h e
100 of course only represents just about 7 % of the original 1,372 scientists. Note again, as the
original group only comprises climate researchers, the publication filter results in the selection of
those scientists who dominated thexerreviewed literature on climate research.
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Conclusion: Key Learnings

This is one of the key learnings from this analysis: The agreement rate to theAGWS
hypothesis is clearly well below a consensus threshold rate of 90 % in any survey anadyssy In

case the agreement numbers only increase via filtering, which significantly reduces the base, and
narrows the field to those scientists who dominate the-neee¥wed climate research discussion.
Please refer again to Figure 2, demonstrating theteffiethe filtering, i.e. driving support up,

while significantly reducing the base, taking data from Verheggen et al. (2014).

However, the filtering employed not only significantly reduces the base, but obviously introduces a
selection bias, as suddenfyo t the overall groupso beliefs
attention, but only those of the scientists dominating the-ige#gwed scientific literature and the
IPCC working groups on the topic in question.

So overall, we found a consistentpatte acr oss the Oconsensusd puct
does not support a consensus notion, sometimes quite the opposite, but by employing additional

measures, ie . filtering according to publication e
stat ed, and is actwually being cl ai med. The cos
base and a strong selection bias, compl etely

widely known in the science community and explicitlytsth by Winship and Mare (1992)
AiSample selection bias occurs when observatic
the outcome variables in the studyiis sample selection leads to biased inferences about social
processeso. rmdnaonghatiwe havelolseryed and discussed in this paper, and which
has led to the conclusion that the climate research consensus claim might actually be unfounded.

A further problem with the publication filtering is a possible mechanism ofcgatfon orclique

citation. Anderegg et al. (2010) mentioned tlisue at the end of their workiowever, then
explained that this is a tendency in climate change research and tishbtlic be less of a problem

with increased sample size. However, this may reothe case as shovabove, even with a large
sample;if the observations are not independent of the outcome, there will be bias in the results.
Nonetheless, this issue may not be limited to this field of research alone, but also to-tegipeer
processin general. Work done by Siler et al. (2015), on publications in general showed that the
peersr evi ew process might be making figate keepin
contributions and accepti ng osesuchasd2oéld mosheited s s i
articles being desk rejected and overall suggesting that therqy@ew process has issues with
exceptional or unconventional submissions (Siler, Lee, & Bero, 2015).

We also want to point to a dangerous mechanism: whiletigenal papers do contain the data
discussed here, secondary quotations and especially media reports often shorten the respective
findings to a dédconsensusd confirmation. We wc
confirmation bias mechanis but also that the authors of all the works analyzed here in fact were
hoping to achieve exactly that effect. In fact, Tony Leiserowitz, the last author of Stenhouse et al.
(2014) in 2017 posted the following spin on YouTybé at f or m ( At fh @ic)finiteme ke

wor ds: nltdés real o0, Altds uso, AExperts agre
2017) . Thus, the same authors of the 6éconsens
the message into Aexperts agreeo.

This is qustionable in several dimensions, and it clearly points to a mechanism of intesdéd

driven evidencenaking (Rose, et al. 2020, Strassheim & Kettunen 2014). This is clearlgnitery

cal in conjunction with a pnpodftanencaurtdred il the pultlie b e
space, as this notion actually derives its political force only from a perceived unity or consensus of
the scientists.

This work further substantiates that the central GM&N-hypothesis of a scientific consensus has
notonly not been documented, but in fact does not exist in the analyzed papers.
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|t should be noted that not refuting the 06c
dilemma, as perceived discrepancies need to be bridged, albeit there is actba#lisrior them.

|t is evident that such a O6consensus6 has a
(Barrio, 2009). As stated by Michael Crichton, in the editorial from Barrio (2009)

A Sci en c®ntrary requires enly one investigawho happens to be right, which

means that he or she has results that are verifiable by reference to the real world. In
science, consensus is irrelevant, what are relevant are reproducible results. The greatest
scientists in history are great precisbcause they broke with the consensus. There is

no such thing as consensus science. I f 1to
isn'"t consensuso.

We quote the very first part of a line of argumentation, from the first paragraph of a keycpeespe

by Pal mer and Stevens ( ZIbels@entifiachatieage Oflundergianding i s h
and estimating climate change The aut hors start the perspec
idea that the science edftl eldidmatceo mmloan @anoing |

environmentalists but not a mo rHgre Palmer amd|Steveast e
think that the notion that science is |largel
community, butyamakgsst &apdlenvironmentalistso

A dangerous line of argumtation for the scientific community: As long as the consensus claims
are not refuted in peeeview literature, no policy maker or environmentalist can or indeed should
be blamed for citing #&m.

So how strong is the level of agreement or disagreement in the scientific community regarding the
GHG-AWG-hypothesis? If that question is really to be answered there can only be one real avenue,
seeFigure 1: The truth lies in the data. Thus, one née@valuate and categorize the actual study,
investigations, modelling, and review data pertinent to the question at hand. This group is working
on this task which, despite the numerous climate research publications published during the last
years, has ndeen performed or at least not beeported so far.
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A Comment on Sea Level
In the IPCCClimate Repor

Bjorn Geirr Harsson and George Prefss
former geodesists at The Norwegian Mapping Authority

Abstract

When meteorologists with today's great computing pava@ only predict the weather with some
degree of certainty about 3 days into the future, how can we then expect climate scientists to predict
the climate 100 years into the future?

We have considered a single tide gauge at the Norwegian coast, Trdgadebéien chosen because

the change in sea level is zero in relation to a fixed point in the rock at the tide gauge. During the
almost 100 years the tide gauge has been in operation, it does not at any time show a significant
change in sea level.

Although the IPCC reports say that there may be local differences in the sea level change around
the earth, we find that zero change at the ra
di f f e rAerelevamtgydestion is whether climate scientists' ewdeally manag to capture the
complexity ofNature.

The theoretical models for sea level change

In September 2019, the Intergovernmental Panel on Climate Change (IPCC) released its latest
report, which largely addresses the future theoretical changesailevels. A quick reading shows
that the roughly 1100 pages span a large number of possible scenarios, from sea level rising by
about 1 metre to only a few decimetres over the next 100 years. Indeed, one of the figures in the
report claims to predict seething about sea level rise as far ahead as 300 years into the future.

One is consequently tempted to ask some critical questions. Meteorologigtdheir best models

of the atmosphere, with their mathematical formulas developed over 100 yeardhattteviérgest

and most modern computers availableeem unable to predict the weather with some certainty
more than a week into the future. That being so, how can we then accept that climate researchers
operate with models that enable them to say songtibout climate and sea level changes 20, 50

or even 300 years into the future? Are climate scientists' models really that good?

Testing the models

To test the quality of these models, we considered the first IPCC report that came out in 1990.
There, we dund a figureat p. xxx fic.] that showed what climate scientists expected concerning
global sea levaiise from 199Quntil the year 2100, reproduced here, Figure 1.

Of course, the report made it clear that there would be local variations in sea EvEhasurves

in the figure show a crossection of what the climate researchienthought would happen to the
average global sea level. The media in the 1990s immediately focused on the higher line describing
the worst possible outcome of climate chanlg was probably this worsiase scenario that slipped

into the public consciousness. The upper curve in the figure forecasts that the sea level can rise
globally by up to about 25 cm from 1990 2020. The lower curve shows that the sea level in the
sane period could rise globally by approximately 7 cm. So, what in fact actually happened? It has
now been 25 years since the figure was presented, and this is a long enough time interval to make a
careful check of the forecasts.

A Submitted2021-04-26. Accepted2021-05-20. Reviewedby O. Humlum https://doi.orgl0.53234/scc202111/212
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Figure 12: Sea level nise predicted to result from Business-as-Usual emissions, showing the best-estimate and range

Figure 1. Sea level changeenarios in the 1990 IPCC report.

The tide gauge at Tregde

In this connection, we have looked more closely at the data from one of the 25 tide gauges that the
Norwegian Mapping Authority (NMA) has distributed around the Norwegian coast. The tide gauge

at Tregde (southern Norway) near the southern tip of Norway was selected, not least because
Tregde is located in an area that, according to geophysics researchers, has experienced no land
uplift over a long period of time, compared to the mean sea level Geeédetiske arbeider, hefte 6,
Hgyder for presisjonsnivellement i Sgorge published by Norges geografiske oppmaling, 1956).

At al |l of the NMAOG6Gs tide gauges, sea | evel h €
of known height that is emptad in solid rock on land. This fixpoint is the reference mark for the

tide gauge the Tide Gauge Bench Mark (TGBM). The given height of the TGBM thus defines the
position of the zero level in the tide gauge itseddmewhere in the watéhat is meased by the

tide gauge is therefore the water level at all times in relation to this defined zero level. At Tregde,
the tide gauge has recorded the sea level continuously from 1927 until today. Data from the NMA
provides thecurves in Fjure 2.

The verticala x i s shows the height above or below the
axis shows the time from 1927 up to and including the year 2018.

The blue curve in the middle shows the average sea level for each year through the 91 years.
The uppe curve shows the year's highest registered water levebfdr year during these 91 years.
The lower curve shows the corresponding year's lowest water level in the same time period.

What we can conclude from the curve for average sea level in Trégdei@ddle curve), is that the
sea level in relation to the TGBM in solid rock does not show any significant change during these
91 years. The curve appears tdiked around a horizontal line from 1927 to 2018.

In other words, sea levels have remaineadblst relative to land throughout the observation period.
We see no relative change in sea level in relation o la@ither before nor after 1990
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Historiske arlige vannstandsniva for Tregde
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Figure 2. Historical annual sea level measures for Tregde.

If the sea has risen, then at Tregde it hasrristeadily throughout the period of 91 years, and it
must have risen at the same rate as land uplift, since the tide gauge shows no change in mean se:
level at Tregde. At no point along the curve do we see a change in the speed at which the sea may
rise.

Conclusion

Among professionals, it is estimated that land uplift has been very close to constant for at least 1000
years. Therefore, there is good reason to believe that the land uplift speed has been unchanged in
Tregde throughout the time the waterdegauge has been in operation.

Although the IPCC report from 199@akes reservations about local differences in sea level rise, it
must be possible to characterise Tregde as an unexplained exception, where mean sea level has
remained unchanged in relatitmland for 91 years since 1927.

We can only conclude that the climate scientists here have a difficulty of explanation. Zero change
at Tregde cannot be covered by an explanation about local deviations from a global sea level
change. Is it conceivable @h climate scientists have models that do not fully reflect natural
phenomena that are more complex than we are willing to admit? Do we have reason to believe that
the models on which the 2019 report is based are more reliable?

We believe that all nationshould do their part to reduce emissions that can be detrimental to the
climate, and we must work for the sustainable development of our inhabitation of the planet. The
way the climate debate has taken off in recent years, however, seems to suggeshatetscl
becoming the religion of our time. Raising critical questions about the climate panel's claims is by
many nonrspecialists considered almost blasphemous. The data from the tide gauge at Tregde alone
gives reason to question the quality of some ha# tlimate models that may govern large
investments in the future.
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Figure 3 The house of the tide gauge at Tregde.
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Minoan rock art at Vigdel beach, near Raege, at Sola.
Note the Shaman with axe (right) and the boat (lef(Phota M. Hovland).

The Holocene climate change story:

Witnessed from Sola, Norway.
Part 1
Martin Hovland MSc PhD, FG&

Abstract

The Holocene timgeriod on the geological time scale is defined as the period following the last
glaciation, about 14,000 to 190 years ago, until the presédntd Ho|l ocene 6, after
6hal os o6, entire, and o6cenod, new). Al though

important and defining period for the immigration and settlement by modern hutdanso (
sapien$ to northern Europe/Scandinavia.

The county of Sola, just south of Stavanger,-NS@fway, has a rather unique geographical locality
and physiography of loying country on the North Sea coast, it became accessible foraogg
hunter gatherergue to early dglaciation in the Mesolithic (middle stone age}, Bh600 year8P,

and thereafter, for nomads and settlers in the Neoliti@ie (Stone age) and Minoan (brongep

The early presence of humans at Sola has provided archaeologists oushrtis of traces and
artefacts that tell a story of the waxing and waning of settlers, followed by abandonment and
resettling,- up through the ages, mainly due to shifting climate throughout the Holocene.

This story is patched together in six installnseand renders a crude narrative based on the
archaeological evidence and what we know about the shifting physical environment surrounding
Sola. We start with a description of the sedtlement period, and follow as best possible where and
how the settlerarrived with small glimpses of culture from the Mesolithic, through the Neolithic,

to the Minoan, ending with the age of the Vikings.

The parts will cover the following aspects:
Part T General introduction to the series.

Part 2 Transition from intergicial (Eem) to glaciation (Weichsel), to the current interglacial
period, Holocene, including changing dewels: transgressions and regressions.

Part 3 The very first Mesolithic settlers at Solafirst ever settlement offlomo sapiensn SW
Norway.

Pat 4. The mysterious Bronze Age (Minoan): Ledgstant, wealthy visitors (or climate refugees).
Part 5 Denser populations in the Iron Age: Agriculture and the first village.
Part 6 The Viking age at Sola: Mighty Erling Skjalgsson and his wife Astrid.

A Submittel 2020-11-11. Accepted2021-07-03. Reviewedby E. Roaldsethttps//doi.org/10.53234/scc202111/213
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Int roduction

The county of Sol &gufeb) odatedid dastsl,Nornsask had ®6ng &nd rich
history of archaeological finds that date back to when Norway was first populated, immediately
after the Weichselian glaciation. This glaciation dnlabed during the Last Glacial Maximum
(LGM), about 19,000 years BP. The warming started then, and continued for about 6,000 years
before a short, new glaciation pulse arrived, during the Younger Dryas (YD), 12,800 years BP. This
1200 year long, brutallyatd period, caused the fastreating glaciers to suddenly stop, and re
advance, leaving tethle morainic ridges along the advancing ice margin throughout Scandinavia
and Siberia (Mangerud, 2021). The nearestiM@rainic ridge, to Sola, occurs in the defjord,

about 30 km inland.

- - =

Figure 1. The situation in Europe during the Last Glacial Maximum (LGM), about 19,000 BP.

In Figure 1, the red dot shows Sola (S), then located beneath some hundreds of metres of ice and

snow. Itis knowntat 6 The north European ice sheetod re.
and still further south during earlier ice ages (Vorren & Mangerud, 2006). Tundra and steppe/park
|l and covered most of Europe includidiég (pDalr)t san

0 Agder iF@gwe2) (Ganey ef al., 2007; Hammer et al., 2016). An exotic ice age fauna with
mammoth, woolly rhinoceros and reindeer lived on the tundra and steppes all the way south to the
Mediterranean, where darhumans also lived ahhunted(Modified from Andersen & Borns,

1994; parts of the original drawing shown in the inset).

Presentday Europe received much of its most recent sediment cover during the Weichselian ice
age. The glaciers left a blanket of glacial deposits, and tprgetities of sand and gravel supplied

by glacial rivers. Also, strong winds, partly generated over the glaciers, spread sand and fine
grained silt/loess over much of the tundra and steppe beyond the glaciers. The climate was
extremely cold, particularlguring winters and in areas adjacent to the ice sheet and over the pack
ice that covered part of the North Atlanti€igure 1 shows wintesice conditions in the north
Atlantic Ocean. Note that parts of the North Sea were dry land because of the muctemiesel

128 Science of Climate Change



(about 120 metres) during the LGM, when some of the ocean water was tied up in the ice masses
over Europe and America and other smaller glaciers the world over.

Because Sola became-ftee just before the new cold spell, the YD, and becausdatated on a
low-lying coast with inlets, bays, small islands and calm beaches, the first human artefacts and
traces are dated from around 11,000 BP. However, there are no suggestions of proper settlements in
Sola before a couple of thousand years later

Along the SWNorwegian coastline, includingof, there is a deeper trouglhet Norwegian
Trough, seeRigure?2), that hindered people walking onto our coast earlier. They needed vessels to
bring them over, or they had to cross over on the ice, durehyitiiters.

Recent archaeological excavations have unraveled an interesting and complex history of the
settlement at Sola. It provides a chronology of events that, combined with scarce global temperature
proxy information, can be used to reconstruct theditmms facing the settlers through the Stone

Age (Neolithic) and the Bronze Age (Minoan) up until the Iron Age, around 3,000 BP.

The main objective of this set of six short essays is to provide-bdaet narrative of the climatic
and environmental cinges at one of the very first Scandinavian locations settled by human beings
and how they developed through parts of the Holocene.

Figure 2. Map of southern Norway showing the location of the Sola county.

In Figure2, mt e t he nd6 Narowedgiba t hat is currently a
seafloor. Whereas other parts of the North Sea were dry land during the LGM, this trough was
waterf i | | ed, and must have been crossed by the

2006) and oDogger Land6é further south (not sh
have trekked, hunted and lived before arriving at Sola after crossing the Norwegian Trough,
probably in skircovered framework boats (such as known from Greentagd,umiaks
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