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From an article by Roy Clark: Time Dependent Climate Energy Transfer: The Forgotten Legacy 
of Joseph Fourier.                                                                                         Figure 1, page 435 - 4 

 

b
) 

Solar 
Flux 

Wind 
Driven 
Evapor

Conve
ction 

Net 
LWI

R 

Wi
nd 
Sp

Ocean 
Transport 

and 

LWIR 
Exch
ange 

100 µm 
Mixing 

Coo
l 

Wat
Thermal 
Conducti

on 

Evapor
ation 

Conve
ction Net 

LWI
R 

MS
AT 

Solar 
Flux 

LWI
R 

Exch

Thermal 
Reservoir 

c
) 

Ocean to 
Land 

Weather  

Diurnal 
Transition 

Temperatur

Basic climate energy transfer processes for the earth, a) atmospheric energy transfer showing the 
tropospheric heat engine, b) ocean energy transfer and c) land energy transfer (schematic). 

 



 ii 

 
 
 
 
 
 
 
 
 

SCIENCE OF CLIMATE CHANGE 
 
 

Volume 3.5 
 
 

December 2023 
 
 
 
 
 
 
 
 
 

ISSN 2703-9072 
 
 
 
 
 
 
 
 
 
 

Klimarealistene, P.O. Box 33, 3901 Porsgrunn, Norway 
 



 iii 

 
 
 

   
 
 
 
 
 
 
Table of Content 
 
Editorial.............................................................................................................,,,,,,,,,,,... iv 
 
Articles 
 
Roy Clark: Time Dependent Climate Energy Transfer: The Forgotten Legacy of   
Joseph Fourier ………………………………………………………………………   421 
 
Michael Schnell and Hermann Harde: Model-Experiment of the Greenhouse Effect  445 
 
Antero Ollila: Testing Carbon Cycle Models and Budgets …………………………  463 
 
Essays 
 
Richard Mackey: Lessons from the Continental Drift controversy for the IPCC.   
debacle ………………………………………………………………………………. 487 
 
Eike Roth: Climate: Man, or Nature? ………………………………………………...521 
 
Review Article  
 
Forrest Frantz: The Greening of Scandinavia ……………………………………….  543 
 
 
 
 
 
 
 
 
 
 
  



 iv 

Editorial 
 
With this issue of SSC, we finish the 3rd year for this journal. Our goal was to produce quarterly 
issues. A special issue with proceedings from the Copenhagen Climate Conference in September 
2013 was published in the first part of December 2023 as volume 3.4. To our surprise we had 
interesting papers to fill another issue – which then became this volume 3.5.  For the Editorial 
Board this is important because the Chief-Editor has served his term, and we are uncertain when 
a new Chief-Editor and Editorial Board will take over. 
 
The first article in this issue is written by Roy Clark who points out that the climate modelers 
have forgotten what Joseph Fourier wrote already in 1825 in his theory of heat: that we have 
seasonal delays between peak solar flux and the subsurface temperature response. This is clear 
evidence of a non-equilibrium thermal response, while the models assume thermal equilibrium.  
 
Michael Schnell and Hermann Harde present a Model-Experiment which shows that the 
temperature of a heated body depends on the infrared radiation of its colder surrounding, and that 
this does not contradict physical laws. 
 
The statement in the latest IPCC-reports that all increased carbon in the atmosphere is due to 
anthropogenic emission, is challenged by Antero Ollila, who shows that this cannot be true, in 
particular if we study the 13C/12C ratio.  
 
The question of origin of the increase of atmospheric CO2 is also discussed by Eike Roth, who 
argues, based on elementary physics and logic, that the increase in CO2 is most likely due to 
emissions from natural sources with only a minor contribution from anthropogenic sources.  
 
Finally, the importance of CO2 for the life on Earth is demonstrated by Forrest Frantz, who shows 
as an example, that the increase in CO2 has resulted in a 13% increase in the leaf-index for the 
Scandinavian Peninsula the last 23 years. This has resulted in increased greening, increased crops 
and cooling the ground in the summer. For a healthy planet we need more CO2 in the atmosphere 
- not less! 
 
Another eye-opener is the essay by Richard Mackey who compares the difficulties for the 
scientific community to accept the theory of continental drift with the extraordinary antiscientific 
attitude shown by a large number of established scientists supporting the IPCC doctrine. 
 
We are pleased to realize one of our goals which is to provide good science which challenge the 
established views. This is what brings science forward. We welcome contributors to a lively 
debate in future issues under a new editor. 
 
 
 

Good reading 
 

Jan-Erik Solheim 
Editor 

 
 
 
 

The Editorial Board consists of Stein Storlie Bergsmark, Ole Henrik Ellestad,  Martin Hovland,  
Ole Humlum, and Jan- Erik Solheim.   
  
A digital version of this volume can be found here: https://doi.org/10.53234/scc202310/34 
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Time Dependent Climate Energy Transfer: The Forgotten Le-
gacy of Joseph Fourier 

 
Roy Clark 

Ventura Photonics,  
Thousand Oaks, CA, USA 

 

Abstract  

Joseph Fourier discussed the temperature of the earth in two similar memoires (reviews) in 1824 
and 1827. An important and long neglected part of this work is his description of the time depen-
dence of the surface energy transfer. In particular, he was able to explain the seasonal time delays 
or phase shifts between the peak solar flux and the subsurface temperature response using his 
theory of heat published in 1822. This is clear evidence for a non-equilibrium thermal response 
to the solar flux. Diurnal and seasonal phase shifts occur in both the ocean and land temperature 
records. These phase shifts provide important additional information about the time dependent 
energy transfer processes that determine the surface temperature. Unfortunately, starting with the 
work of Pouillet in 1836, this time dependence was neglected and replaced by an equilibrium 
average climate. It was assumed, incorrectly, that the surface temperature could be determined 
using average values for just the solar and IR flux terms. This approach created CO2 induced 
global warming as a mathematical artifact in the simplistic equilibrium air column model used by 
Arrhenius in 1896. Physical reality was abandoned in favor of mathematical simplicity. The 
equilibrium assumption is still the foundation of the fraudulent climate models in use today. In 
order to move beyond the pseudoscience of radiative forcings, feedbacks and climate sensitivity 
to CO2 it is necessary to follow Fourier and restore the time dependence to the surface energy 
transfer. A change in flux produces a change in the rate of cooling (or heating) of a thermal re-
servoir, not a change in temperature.  

Keywords: Convection Transition Temperature; Diurnal Phase Shift; Exchange Energy; Joseph 
Fourier; Ocean-Land Temperature Coupling; Phase Shift; Seasonal Phase Shift; Thermal Equilib-
rium; Time Dependent Energy Transfer. 
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1. Introduction  
The term ‘equilibrium’ is often used incorrectly in climate science. The concept of radiative 
equilibrium was introduced by Kirchoff (1860):  

At thermal equilibrium, the power radiated by an object must be equal to the power absorbed.   

The lunar surface under solar illumination is close to thermal equilibrium. The absorbed solar 
flux is emitted back to space as LWIR radiation with almost no time delay. At the lunar equator, 
the maximum surface temperature at lunar noon is near 390 K (117 °C). As the solar flux changes, 
the surface temperature changes so that the emitted LWIR flux matches the absorbed solar flux, 
Clark and Rörsch (2023). The term equilibrium as used by Arrhenius, (1896) was not a radiative 
equilibrium, it was simply a mathematical equality between an average absorbed solar flux and 
an average emitted LWIR flux. Similarly, the term equilibrium used by Manabe and Wetherald, 
(1967) was a steady state condition. The average solar and LWIR fluxes in and out of the model 
were equal and the internal air layer and surface temperatures were stable. The temperature 
change during each model time step was very small. Such a condition is not found in the earth’s 
atmosphere.  
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An important property of a non-equilibrium thermal system is the time delay or phase shift 
between the time varying heat source and the temperature response of the thermal reservoir. Jo-
seph Fourier discussed the temperature of the earth in two similar memoires in 1824 and 1827, 
Fourier (1824; 1827). He correctly described the time dependent heating of the earth’s land 
surface by the solar flux using his theory of heat, Fourier (1822). He also described ocean solar 
heating and atmospheric cooling by convection. However, he did not use the term ‘greenhouse 
effect’. Instead, he described a solar calorimeter with glass windows. An important part of his 
work was the description of the seasonal time delay or phase shift in the subsurface heat transfer.  

At a moderate depth; as three or four meters, the temperature observed does not vary 
during each day, but the change is very perceptible in the course of a year, it varies and 
falls alternately. The extent of these variations, that is, the difference between the maxi-
mum and minimum of temperature, is not the same at all depths, it is inversely as the 
distance from the surface. The different points of the same vertical line do not arrive at 
the same time at the extreme temperatures. ........... The results observed are in ac-
cordance with those furnished by the theory, no phenomenon is more completely explai-
ned.      Fourier 1824, p. 144. 

This is indisputable evidence for a non-equilibrium thermal response to the solar flux. There is a 
time delay as heat flows in and out of the ground or the oceans. Such seasonal and diurnal phase 
shifts have been ignored in climate science for almost 200 years. Similar phase shifts occur in 
other energy storage devices including capacitors in AC electronic circuits and in optical passive 
cavity resonators (cavity ringdown), Clark (1993).  

The phase shifts provide important additional information about the time dependent energy trans-
fer processes that determine the surface temperature. Unfortunately, starting with the work of 
Pouillet (1836), this time dependence was neglected and it was incorrectly assumed the surface 
temperature could be determined using average values for just the solar and IR flux terms. Phy-
sical reality was abandoned in favor of mathematical simplicity. Arrhenius (1896) stated: 

III. Thermal Equilibrium on the Surface and in the Atmosphere of the Earth 

All authors agree in the view that there prevails an equilibrium in the temperature of the 
earth and of its atmosphere.     Arrhenius 1896, p. 254. 

Manabe and Wetherald (1967) set out to answer the following questions: 

1) How long does it take to reach a state of thermal equilibrium when the atmosphere 
maintains a realistic distribution of relative humidity that is invariant with time? 

2) What is the influence of various factors such as the solar constant, cloudiness, surface 
albedo and the distributions of various atmospheric absorbers on the equilibrium tem-
perature of the atmosphere with a realistic distribution of relative humidity? 

3) What is the equilibrium temperature of the earth’s surface corresponding to realistic 
values of these factors?    Manabe and Wetherald, 1967, p. 242. 

Knutti and Hegerl, (2008) stated: 

When the radiation balance of the Earth is perturbed, the global surface temperature will 
warm and adjust to a new equilibrium state.   Knutti and Hegerl, 2008, p. 735. 

Manabe and Wetherald, (1967) copied Arrhenius and created the equilibrium climate fantasy land 
in which the climate modelers play their computer games with radiative forcings, feedbacks and 
a climate sensitivity to CO2. This fantasy land is described in Chapter 7 of the Working Group 1 
IPCC Climate Assessment Report (2021):  
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This chapter assesses the present state of knowledge of Earth’s energy budget, that is, 
the main flows of energy into and out of the Earth system, and how these energy flows 
govern the climate response to a radiative forcing. Changes in atmospheric composition 
and land use, like those caused by anthropogenic greenhouse gas emissions and emissi-
ons of aerosols and their precursors, affect climate through perturbations to Earth’s top-
of-atmosphere energy budget. The effective radiative forcings (ERFs) quantify these 
perturbations, including any consequent adjustment to the climate system (but excluding 
surface temperature response). How the climate system responds to a given forcing is 
determined by climate feedbacks associated with physical, biogeophysical and biogeo-
chemical processes. These feedback processes are assessed, as are useful measures of 
global climate response, namely equilibrium climate sensitivity (ECS) and the transient 
climate response (TCR). 

There is no climate equilibrium state that can be perturbed by an increase in the atmospheric 
concentration of CO2 or other greenhouse gases. In the time step integration algorithm used by 
Manabe and Wetherald in 1967, the change in temperature produced by a ‘CO2 doubling’ during 
each time step is too small to measure in the normal diurnal and seasonal changes in surface 
temperature. The warming signal created by the 1967 model cannot accumulate in the real atmo-
sphere.  

Phase shifts, such as those described by Fourier, are observed in the diurnal and seasonal tempe-
rature cycles for both ocean and land temperatures. However, before considering these phase 
shifts in more detail, a brief review of time dependent energy transfer processes will be provided. 
Additional information is provided by Clark and Rörsch (2023). 

2. Climate Energy Transfer 
The earth is an isolated planet that is heated by the absorption of short wave (SW) electromagnetic 
radiation from the sun and cooled by the emission of longwave IR (LWIR) radiation back to 
space. The earth’s climate has been sufficiently stable over several billion years for life to evolve 
into its present forms. This requires an approximate planetary energy balance between the absor-
bed solar flux and the outgoing LWIR radiation (OLR) returned to space so that the surface tem-
perature over most of the planet remains within the relatively narrow range needed to sustain life. 
Unfortunately, this has led to the misconception that there is an exact energy balance between the 
absorbed solar flux and the OLR that controls the surface temperature.  

The earth is also a rotating water planet with an atmosphere that has an IR radiation field. Appro-
ximately 71% of the surface area is ocean. At the surface, the downward LWIR flux from the 
lower troposphere interacts with the upward LWIR flux from the surface to establish an exchange 
energy. This limits the net cooling LWIR flux (upward minus downward LWIR flux) to the emis-
sion into the atmospheric LWIR transmission window, mainly in the 800 to 1200  
cm-1 spectral range. Within the main spectral regions of the atmospheric IR absorption and emis-
sion bands, when the surface and surface air temperatures are similar, photons are exchanged 
without any significant transfer of heat. In order to dissipate the absorbed solar heat, the surface 
must warm up so that the excess heat is removed by moist convection (evapotranspiration). This 
requires a thermal and/or humidity gradient at the surface-air interface. The requirement for cli-
mate stability is set by the Second Law of Thermodynamics, not the First. There is no ‘magic 
thermostat’ at the top of the atmosphere (TOA) that controls the surface temperature. The surface 
gradients adjust as the temperatures change and this maintains the overall energy balance. 

Convection is also a mass transport process. It is coupled to both the gravitational field and the 
rotation (angular momentum) of the earth. As the warm air rises through the troposphere, it cools 
as it expands and internal energy is converted to gravitational potential energy. For dry air, the 
lapse rate, or change in temperature with altitude, is -9.8 °C km-1. As moist air rises above the 
saturation level, water condenses to form clouds with the release of latent heat. This reduces the 
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lapse rate. The US standard atmosphere uses an average lapse rate of -6.5 °C km-1. The coupling 
of the convection to the rotation leads to the formation of the Hadley, Ferrel and polar cell convec-
tive structure, the trade winds, the mid latitude cyclones/anticyclones and the ocean gyre circula-
tion. In addition, the troposphere functions as an open cycle heat engine that transports part of the 
absorbed solar heat from the surface to the middle and upper troposphere by moist convection. 
From here it is radiated back to space, mainly by LWIR emission from the water bands. The 
upward and downward LWIR flux terms are decoupled by molecular line broadening effects, 
Clark and Rörsch (2023). When the atmospheric concentration of a greenhouse gas such as CO2 
is increased, there is a slight decrease in the LWIR flux at TOA produced by absorption in the 
atmopshere below. A small amount of additional heat is released into the tropopshere. This is 
dissipated by wideband LWIR emission to space and does not produce a measurable change in 
surface temperature. A change in flux at TOA is called a radiative forcing by the IPCC, Ramas-
wamy et al, (2019). Such a forcing by greenhouse gases does not change the energy balance of 
the earth, nor does it produce a measurable change in surface temperature. 

A change in surface temperature is produced by a change in the heat content or enthalpy of the 
surface reservoir or thin layer of ocean or land at the surface-air interface. There are four main, 
time dependent, interactive flux terms that are coupled to this reservoir. These are the absorbed 
solar flux, the net LWIR emission, the moist convection (evapotranspiration) and the subsurface 
transport (precipitation and freeze/thaw effects are not included here). The net LWIR flux in-
creases with decreasing humidity and decreases with increasing cloud cover. The convection de-
pends on the temperature difference between the surface and the surface air layer. The energy 
transfer processes are different at the land-air and ocean-air interfaces and have to be considered 
separately. In addition, the ocean surface temperatures are coupled to the land surface tempera-
tures by weather systems that form over the oceans and move overland.  

Over the oceans, the surface is almost transparent to the solar flux. Approximately half of the flux 
is absorbed within the first meter layer and 90% is absorbed within the first 10 m layer, Clark 
(2013a, 2013b). The diurnal temperature rise at the surface is quite small, typically 2 °C or less. 
The dominant cooling term is the wind driven evaporation or latent heat flux. The LWIR flux is 
absorbed within the first 100 micron layer, Hale and Querry (1973). Here it is fully coupled to 
the wind driven evaporation or latent heat flux. The sensible heat flux term is usually small, less 
than 10 W m-2. The cooling terms are fully coupled at the surface and should not be separated and 
analyzed independently of each other. The cooler water produced at the surface then sinks and is 
replaced by warmer water from below. This is a Rayleigh-Benard type of convective flow with 
columns of warmer and cooler water moving in opposite directions. It is not a simple diffusion 
process. The convective flow and therefore the evaporative cooling continue over the full 24 hour 
diurnal cycle. As the cooler water sinks, it carries the surface momentum to lower depths. This 
drives the ocean currents that form the ocean gyre circulation. Outside of the tropics there is a 
seasonal time delay or phase shift between the peak solar flux at solstice and the surface tempe-
rature response that may reach 6 to 8 weeks. In addition, there is no requirement for an exact flux 
balance between the solar heating and the surface cooling terms. There are natural variations or 
quasi-periodic oscillations in ocean surface temperatures that may extend to depths of 100 m or 
more. This also means that there is no exact planetary flux balance at TOA between the absorbed 
solar flux and the OLR.  

Over land, all of the flux terms are absorbed by a thin surface layer. The surface temperature 
increases in the morning after sunrise as the solar flux is absorbed. This establishes a thermal 
gradient with both the cooler air above and the subsurface ground layers below. The surface-air 
gradient drives the evapotranspiration and the subsurface gradient conducts heat below the 
surface during the first part of the day. Later in the day, as the surface cools, the subsurface gra-
dient reverses and the stored heat is returned to the surface. As the land and air temperatures 
equalize in the evening, the convection stops and the surface cools more slowly by net LWIR 
emission. This convection transition temperature is reset each day by the local weather system 
passing through. Almost all of the absorbed solar heat is dissipated within the same diurnal cycle.  
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The surface or skin temperature is the temperature at the surface-air interface. The weather station 
temperature or meteorological surface air temperature (MSAT) is the temperature measured by a 
thermometer installed in a ventilated enclosure located for convenience near eye level, 1.5 to 2 m 
above the ground, Oke (2016). Historically in the US, the daily minimum and maximum MSATs 
were recorded using Six’s thermometer mounted in a white painted wooden enclosure (Stevenson 
screen or cotton region shelter). Temeratures are now recorded electronically using a smaller 
‘beehive’ enclosure. The minimum and maximum MSAT are produced by different physical pro-
cesses. The minimum MSAT is usually a measure of the surface air temperature of the local 
weather system passing through. The change in temperature or ΔT from minimum to maximum 
is determined by the mixing of the warm air rising from the solar heated surface with the cooler 
air at the level of the MSAT thermometer. The minimum and maximum readings are often avera-
ged to give an ‘average daily temperature’. This has little physical meaning. 

The energy transfer processes associated with the surface energy transfer and the tropospheric 
heat engine are shown schematically in Fig. 1. 
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The focus of this article is on the null hypothesis that changes in the atmosperhic concentration 
of greenhouse gases do not cause climate change. Short term climate change is related to quasi-
periodic ocean oscillations with periods in the 1 to 7 and 10 to 70 year range. Longer term climate 
changes in the 100 to 1000 year time frame are related to variations in the solar activity as mea-
sured by sunspot cycles and other solar pameters. Ice age cycles with periods near 100,0000 years 
are caused by changes to the earth’s orbital and axial rotation known as Milankovitch cycles. 
Over longer geological time scales, climate change is produced by plate tectonics that alter the 
continental boundaries that determine ocean circulation, Clark and Rörsch (2023). Natural cli-
mate drivers were recently considered by Ollila (2023). The detailed energy transfer processes 
related to climate change are both subtle and complex. The first step is to abandon the pseu-
doscience of radiative forcings, feedbacks and climate sensitivity and consider instead the time 
dependence of the climate energy tranfer processes that determine the surface temperature, inclu-
ding the phase shifts that were described by Fourier almost 200 years ago.  

3. The Diurnal Ocean Phase Shift  
When the solar flux warms the ocean during the day, there is a time delay or phase shift between 
the peak solar flux at local noon and the surface temperature response. The magnitude of both the 
temperature increase and the time delay are dependent on the wind speed.  

Fig. 2 shows selected TRITON buoy data for location 156° E, 0° lat. (equator) in the Pacific warm 
pool, TRITON (2021). Hourly average data are shown for July 1 to 15, 2010. Fig. 2a shows the 

Figure 1: Basic climate energy transfer processes for the earth, a) atmospheric energy transfer 
showing the tropospheric heat engine, b) ocean energy transfer and c) land energy transfer (sche-
matic).  
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air temperature and the ocean temperatures at 1.5 and 25 m depth (SST 1.5 and SST 25). Fig. 2b 
shows the wind speed and the solar flux. Over the period shown, the average air temperature was 
301.2 K (28.2 °C), the averge SST was 301.8 K (28.8 °C) for SST 1.5 and 301.6 K (28.6 °C) for 
SST 25. Both the air and the SST 1.5 temperatures exhibit a diurnal variation. The maximum 
daily excursion was 1.5 K for the air temperature and 1 K for SST 1.5. The SST 1.5 data show a 
strong dependence on the wind speed. The maximum increase in daily temperature of 1 K on day 
10 occurred with the wind speed near 1 m s-1. The minimum increase in temperature of 0.1 K 
occurred on day 14 when the wind speed was in the 6 to 7 m s-1 range. These maxima and minima 
are indicated by the arrows in Fig. 2. There was a gradual drift in SST 25, but there was no 
significant diurnal variation at these depths.  

 

 

 
 

 

Figure 2: July 2010 TRITON buoy hourly data, 156° E, 0° lat., a) air and ocean temperatures (1.5 
and 25 m), b) wind speed and solar flux. 



Clark: Fourier’s Forgotten Legacy 

 

Science of Climate Change https://scienceofclimatechange.org 

 428 

The magnitude of the phase shift is also dependent on the wind speed. This is shown in Fig. 3 for 
days 10 to 15. The approximate phase shift in hours and the total daily solar flux in MJ m-2 day-1 
are shown for each of the 5 days. The phase shift decreases as the wind speed increases. This 
increases the surface evaporation and there is more downward convection of cooler water from 
the surface. The sensitivity of the latent heat flux to the wind speed is approximately 15 W m-2/m 
s-1, Clark and Rörsch (2023). In addition, the 1 to 2 MJ m-2.day-1 variations in the total daily solar 
flux have no observable effect on the SST 1.5 diurnal temperature changes. The increase in down-
ward LWIR flux to the surface produced by an increase of 140 ppm in the atmospheric CO2 
concentration is approximately 2 W m-2 or 0.17 MJ m-2.day-1. This can have no measurable effect 
on ocean temperatures. It is simply absorbed within the first 100 micron ocean layer and dissipa-
ted as an insignificant part of the total surface cooling flux. The absorbed solar flux is decoupled 
from the wind speed driven latent heat flux. There is no ‘equilibrium average flux balance’ at the 
ocean surface on any time scale. The amount of heat stored in the ocean thermal reservoir depends 
on the accumulated net flux balance, including ocean transport effects. There can be no ‘climate 
sensitivity’ to CO2. 

 

 

4. The Seasonal Ocean Phase Shift 
Fig. 4 shows the monthly ocean temperatures for 2018 at selected depths from 2.5 to 200 m for a 
5° x 1° (latitude x longitude) strip at 10° intervals from 60° N to the equator, 0° N along the 20° 
longitude transect in the N. Atlantic Ocean. This extends from south of Iceland to the equator off 
the coast of Africa as shown on the location map. The data were downloaded from the Argo 
Marine Atlas, Argo (2021). For latitudes from 20° to 60° N, the data show a winter surface tem-
perature minimum in March or April. Summer solar heating then produces a stable stratified ther-
mal layer structure with a surface temperature peak in August or September. The peak tempera-
tures increase from 10 °C at 60° N to 25 °C at 20° N. There is a time delay or phase shift of 
approximately 8 weeks after summer solstice. The phase shift increases and temperature rise de-
creases at lower depths. The subsurface thermal layer structure then collapses as the wind driven 
evaporative cooling in winter exceeds the solar heating. The heat stored and released during the 

Figure 3: Phase shift between the 1.5 m ocean temperature and the solar flux, July 10 to 15, 2010. 
The values for the total daily solar flux (MJ m-2 day-1) are also shown in parenthesis. 
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course of a year may easily reach 1000 MJ m-2. This is a major factor in stabilizing the earth’s 
climate. At low latitudes, 0° and 10° N, there is no obvious summer temperature peak. These 
locations are influenced by the S. Atlantic Equatorial Current. The cooler water from the Ben-
guela Current that flows northwards along the west coast of Africa, changes direction and flows 
westwards towards S. America. For 0° N, the surface temperature increases from approximately 
27 to 29 °C for the first five months of the year. It then decreases to approximately 24 °C over 
the next three months and gradually warms up during the rest of the year. The April peak is 
produced by the summer solar heating in the S. Hemisphere.  
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5. The Diurnal Phase Shift Over Land 

Historically in many countries, the maximum and minimum MSATs were recorded using Six’s 
thermometer. The diurnal phase shift was only recorded during specialized measurement pro-
grams. It was recorded in 1953 as part of the Great Plains Turbulence Field Program conducted 
in O’Neill, Nebraska, (Letteau and Davidson 1957; Clark and Rörsch 2023). Subsurface tempe-
rature data and the 2 m air temperature recorded for August 13-14, 1953, are shown in Fig. 5. The 
phase shift for the surface (0.5 cm) temperature is indicated. The measurement site latitude and 
longitude are 42° 26’ N and 98° 32’ W. Local solar noon occurs approximately 30 minutes after 
Central Standard Time (CST) noon. The minimum surface temperature of 18.7 °C was recorded 
at 06:30 and the maximum surface temperature of 40.9 °C was recorded at 14:30. At the end of 
the observation period at 02:30 on August 14, the temperature was 20.6 °C. The temperature may 
be expected to continue to cool until after sunrise. The diurnal temperature rise decreased with 
increasing depth and the phase shift increased with depth. The diurnal temperature variations were 
not detectable at 80 cm depth. The surface and air temperatures equalized near 6.30 pm. The 
convection transition temperaure was near 31 °C. 

Figure 4: Monthly Argo float data for 2018 for selected depths from 2.5 to 200 m at 10° intervals 
from 60° N to the equator along the 20° W longitude transect. The locations are indicated on the 
map, inset. 
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The parameters recorded during this test period also included humidity and solar, total and net 
flux data. The absolute humidity (mb) and the relative humidity (RH %) are shown in Fig. 6. As 
the air temperature increased during the first part of the day after sunrise, the absolute humidity 
increased from 14 to 20 mb. This was caused by increased evaporation from the solar heated 
surface. However, the relative humidity decreased from 70 to 30%, because the saturated water 
vapor pressure used to determine the relative humidity increased with the air temperature. The 
assumption of a fixed RH used in the climate models is incorrect near the surface, Manabe and 
Wetherald (1967). This also invalidates the water vapor feedback used equilibrium climate mo-
dels to amplify the initial temperature increase produced by an increase in CO2 concentration, 
IPCC AR6 (2021).  The O’Neill field data would have been available to Manabe and Wetherald 
before 1967.  

 

 

Figure 5: Subsurface temperature data and the 2 m air temperature recorded at O’Neill, Neb. on 
August 13-14, 1953. 

Figure 6: a) Humidity (mb) and b) relative humidity (%) at seven monitoring locations, 0.1 to 6.4 m 
above the surface. The weather station RH measurement is also included in b). Recorded at O’Neill, 
Neb. on August 13-14, 1953. 
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The recorded flux data is summarized in Fig. 7. The peak solar flux was 957 W m-2. At night, the 
measured net flux is the difference between the upward LWIR flux emitted by the surface and the 
downward LWIR flux emitted by the lower troposphere to the surface. The average value was  
-59 W m-2. A negative flux indicates a surface cooling. During the day, the net flux also includes 
the net solar flux (downward minus reflected solar flux). The total flux includes both the down-
ward solar flux and the downward LWIR flux. There was insufficient data for a more detailed 
analysis.  

 

 
 

6. The Seasonal Phase Shift Over Land 

In addition to the diurnal phase shift, there is also a seasonal phase shift. The peak temperatures 
occur after the summer solstice. This may be investigated by using the 1981 to 2010 30 year daily 
climate averages for the O’Neill, Neb. weather station #256290, WRCC, (2021). The maximum 
and minimum daily temperatures, the 1σ standard deviations and the ΔT (Tmax - Tmin) values are 
shown in Fig. 8. There is a phase shift of approximately 30 days between the peak solar flux at 
summer solstice, day 172 and the peak seasonal temperature response. In addition, the ΔT values 
remain within the approximate range 13.4 ±2 °C for the entire year while the temperature variation 
is ±10 °C. The change in temperature from one day to the next, ΔTn, for the maximum and mini-
mum temperatures are shown in Fig. 9. The day to day temperature changes are small, below 0.4 
°C. The phase shift is indicated by the zero crossing point after the summer solstice. There are 
three features in Fig. 8 that require further consideration. First, the 1σ standard deviations are 
quite large. Second, the variation in ΔT is smaller than the changes in the max and min tempera-
tures. Third, the seasonal phase shift is not produced locally. 

Figure 7: Total, solar and net flux data recorded at O’Neill, Neb. on August 13-14, 1953. 
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The 1σ standard deviation range in the daily average temperatures is from ±3.4 to ±8.7 °C. The 
larger values occur at the beginning and end of the year when the temperatures are lower. Convec-
tive cooling of the surface occurs during the day when the solar heated surface is warmer than the 
surface air temperature. Each evening there is a convective transition temperature at which the 
surface and surface air temperatures approximately equalize and the dominant cooling term beco-
mes the net LWIR flux emitted into the LWIR transmission window. This transition temperature 
is reset each day by the local weather system passing through. The variation in transition tempe-
rature is similar to the variation in the minimum temperatures. The measured maximum and mi-
nimum temperatures and ΔT values from the 1953 O’Neill observation site weather station data 
are plotted in Fig. 10 with the climate data from Fig. 8 over the same time period. The differences 
from the climate means are plotted in Fig. 11. The maximum difference is +8.8 °C for Sept 8. The 
day to day temperature variations related to the convection transition temperature are sufficiently 

Figure 8: 1981-2010 daily climate averages for O’Neill, Neb., station #256290. The 1σ standard 
deviations and the ΔT (Tmax -Tmin) are also shown. The seasonal phase shift, δt is indicated. 
Neb. on August 13-14, 1953. 

Figure 9: The change in temperature from one day to the next, ΔTn for the maximum and minimum 
temperatures shown in Fig. 8. The seasonal phase shift here is the zero-crossing point after the 
summer solstice. The time delay is approximately 30 days. 
Neb. on August 13-14, 1953. 
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large that any change in surface temperautre produced by an increase in the downward LWIR 
flux to the surface related to an increase in the CO2 concentration are too small to measure, Clark 
and Rörsch (2023). 

 

 
The smaller variation in ΔT compared to the min and max temperatures shows that there is a 
control mechanism that regulates the daily temperature increase. The moist convection (eva-
potranspiration) or sensible and latent heat fluxes increase with the solar flux and the rate of 
surface cooling increases. The latent heat flux also depends on the available surface moisture. 
This is discussed in more detail by Clark and Rörsch (2023).  

Over land, almost all of the absorbed solar flux is dissipated within the same diurnal cycle. The 
heat capacity of the surface layer is too small to produce any large seasonal phase shifts. These 
are caused by changes in the convective transition temperature related to the weather systems 
passing through. In many regions of the world, these weather systems are formed over the ocean 
and the bulk air temperature is influenced by the ocean temperature along the path of the weather 
system. The source of the seasonal phase shift is the ocean temperature response to the solar flux. 
There may also be longer term temperature fluctuations related to ocean oscillations.  

Figure 10: The maximum and minimum air temperatures and ΔT values from the O’Neill Test Site 
weather station data, plotted with the 1981-2010 30-year climate average data for O’Neill. 

Figure 11: Deviations of the measured temperatures and delta temperatures from the climate aver-
ages shown in Figure 8. 
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7. The Coupling of the Ocean and Land Surface Temperatures 

The ocean to land coupling of the surface temperatures may be investigated by comparing Pacific 
Ocean surface temperatures off the coast of California to land surface temperatures measured at 
the Ameriflux ‘Grasslands’ monitoring site near Irvine, CA and the daily 1981-2010 climate re-
cord from the nearby Santa Ana weather station. Fig. 12 shows the 2.5 m depth ocean tempera-
tures for 2017 derived from Argo float data. The data are for rectangular areas centered at 35° 
and 45° N, 127.5° W. The angular block size is 2° latitude and 5° longitude. The size was selected 
to provide an average of at least 10 Argo buoy readings per month near the coast along the path 
of the prevailing weather systems approaching California from the Gulf of Alaska. The Argo data 
consists of monthly averages. These were fit to 5th order polynomials that were used to generate 
the daily trends. In addition, the 30 year average MSAT minimum data for Santa Ana, WRCC, 
(2021) and the MSAT minimum data for the Grasslands site (Clark and Rörsch 2023; Clark, 
2013a; 2013b) are also shown. The seasonal phase shift and the temperature range are consistent 
with ocean temperatures near 45° N. The temperature spikes in the Grasslands data are produced 
by the transition from onshore ocean air flow to offshore flow. As the air flows from the inland 
desert plateau to the ocean it descends by approximately 1 km in altitude and is warmed by air 
compression.  

 
 

The seasonal phase shifts observed for Santa Ana are not limited to coastal weather stations. They 
are observed in weather stations across the continental US and in many other regions of the world. 
Fig. 13a and 13b shows the 1981-2010 30 year daily Tmin and Tmax climate data for eight S. Cali-
fornia weather stations, WRCC (2021). The locations are indicated on the map. Los Angeles (LA) 
and Los Angeles Airport (LAX) are located near or at the coast. The maximum temperatures here 
are lower because of the influence of the ocean marine layer. The nighttime cooling is also less. 
Redlands (Rdl), Riverside (Rvsd) and San Bernardino (SnBno) are located approximately 80 km 
(50 miles) inland, Indio (Ino) and Mecca (Mca) are approximately 150 km (94 miles) inland and 
Blythe (Bly) is approximately 250 km (156 miles) inland near the Colorado River. The approxi-
mate phase shift is indicated. The ΔT temperature rises from min to max are shown in Fig. 13c. 

Figure 12: Comparison of Argo 2.5 m ocean surface temperatures at 35° and 45° N with the 30 year 
1981-2010 daily minimum MSAT from Santa Ana and the Grasslands 2008 minimum MSAT data. 
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These stay in a narrower range than the measured temperatures. The seasonal phase shifts are 
shown in Fig. 13d. These vary from approximately 60 to 30 days. The values generally decrease 
with increasing distance from the coast. Fig. 14 shows the 30 year daily 1981-2010 climate data, 
ΔT temperature rise and seasonal phase shifts for 11 US stations near 40° latitude. 

In addition to the seasonal phase shift, longer term temperature changes related to ocean oscilla-
tions are also coupled to the weather station temperatures through the convection transition tem-
perature. For California stations, the Pacific Decadal Oscillation (PDO) can be detected and for 
UK stations it is the Atlantic Multi-decadal Oscillation (AMO). This is discussed in more detail 
in Clark and Rörsch (2023).   

 

 

 

Figure 13: Daily climate averages for a) minimum, b) maximum, c) ΔT (max-min) temperatures and 
d) the seasonal phase shifts for eight weather stations in S. California, Los Angeles (LA), Los Ange-
les Airport (LAX), Redlands (Rdl), Riverside (Rvsd), San Bernardino (SnBno), Blythe (Bly), Indio 
(Ino) and Mecca (Mca). 
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The global temperature change record is an area weighted average of the weather station data 
after it has been extensively processed or ‘homogenized’ and the mean has been subtracted. When 
the climate anomaly record, such as the HadCRUT4 data set is evaluated, the dominant term is 
found to be the Atlantic Multi-decadal Oscillation (AMO). The correlation coefficient between 
the two data sets is 0.8. This is illustrated in Fig. 15a (AMO, 2022; HadCRUT4, 2022; Morice et 
al, 2012). The AMO consists of a quasi-periodic oscillation superimposed on an underlying linear 
trend. A least squares fit to the data from 1900 gives a sinusoidal oscillation with an amplitude of 
0.2 °C and a period of 61 years with a long term linear trend near 0.3 °C per century. The linear 
trend is attributed to the temperature recovery from the Maunder minimum or Little Ice Age, 
Akasofu (2010). Both the period and the slope may change with time. There is a 0.3 °C offset 

Figure 14: 30 year climate data and seasonal phase shifts for 11 weather stations near 40° latitude, 
Chester (Chr), CA, Eureka (Eur), CA, Red Bluff (RBl) CA, Weaverville (Wvl), CA, Lovelock (Llck), 
NV, Provo (Prv), UT, Boulder (Bou), CO, Kansas City (Kn C), MO, Dayton (Dyn), OH, Philadelphia 
(Phil), PA and Atlantic City (Atl C), NJ.  
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between the AMO and the HadCRUT data after 1970. This requires further investigation of the 
‘homogenization’ process and bias effects related to changes in the number and location of the 
weather stations used to generate the HadCRUT averages (Andrews, 2017a; 2017b; 2017c; 
D’Aleo and Watts, 2010). The influence of the AMO extends over large areas of N. America, 
Western Europe and parts of Africa. The weather systems that form over the oceans and move 
overland couple the ocean surface temperature to the weather station data through the diurnal 
convection transition temperature. The contributions of the other ocean oscillations to the global 
temperature anomaly are smaller. The IOD and the PDO are dipoles that tend to cancel and the 
ENSO is limited to a relatively small area of the tropical Pacific Ocean. However, small surface 
temperature variations in the tropical oceans have a major impact on ocean evaporation and rain-
fall. Fig. 15b shows a tree ring construction of the AMO from 1567 (Gray, 2004; Gray.NOAA, 
2004). The modern instrument record is also indicated in green. 

 
The role of the AMO in setting the surface air temperature has been misunderstood or ignored for 
a long time. The first person to claim a measurable warming from an increase in CO2 concentra-
tion was Callendar (1938). The warming that he observed was from the 1910 to 1940 warming 
phase of the AMO not from CO2. This was coupled to the land-based weather stations through 
changes to the convection transition temperature. During the 1970s there was a ‘global cooling’ 

Figure 15: a) Plots of the HadCRUT4 and AMO temperature anomalies overlapped to show the 
similarities. Both the long term 60 year oscillation and the shorter term ‘fingerprint’ details can be 
seen in both plots. b) Tree ring reconstruction of the AMO from 1567. The modern instrument record 
is shown in green. 
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scare that was based on the cooling phase of the AMO from 1940 to 1970 (McFarlane, 2018; 
Peterson et al, 2008; Douglas, 1975; Bryson and Dittberner, 1976). In their 1981 paper Hansen et 
al chose to ignore the 1940 AMO peak in their analysis of the effects of CO2 on the weather 
station record, Hansen et al (1981). Similarly, Jones et al conveniently overlooked the 1940 AMO 
peak when they started to ramp up the modern global warming scare in (Jones et al, 1986; 1988). 
The IPCC also ignored the AMO peak in its First Assessment Report in 1990, IPCC FAR WG1 
fig. 11 SPM p. 29, IPCC FAR (1990) and it has continued to ignore it as shown in IPCC AR6 
WG1 TS CS Box 1 fig. 1c p. 61, IPCC, AR6, (2021). This is illustrated in Fig. 16. The AMO, the 
HadCRUT4 global data and the periods of record used are shown in Fig. 16a. The AMO consists 
of a long period oscillation near 60 years superimposed on a linear temperature recovery from the 
Little Ice Age (LIA), Akasofu (2010). The temperature records used by Callendar, Douglas, Jones 
et al, Hansen et al and IPCC 1990 and 2021are shown in Figs. 16b through 16g. The Keeling 
curve showing the increase in atmospheric CO2 concentration is also shown in Figs. 16d through 
16g, Keeling (2023).  

 

 

Figure 15: a) AMO anomaly and HadCRUT4 global temperature anomaly, aligned from 1860 to 
1970, b) temperature anomaly for N. temperate stations from Callendar (1938), c) global cooling 
from Douglas (1975), d) global temperature anomaly from Jones et al (1986), e) global temperature 
anomaly from Hansen et al (1981), f) and g) global temperature anomaly from IPCC (1990) and 
IPCC (2021). The changes in CO2 concentration (Keeling curve) are also shown in d) through g). 
The periods of record for the weather station data are also indicated. 
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8. Conclusions  

The time delays or phase shifts between the peak solar flux and the surface temperature response 
are an important and long neglected part of the time dependent surface energy transfer processes 
that determine the surface temperature. The subsurface seasonal land temperature phase shift was 
described by Fourier in 1824 and 1827. Diurnal and seasonal phase shifts occur in both the ocean 
and land temperature records. Such phase shifts are clear evidence for a non-equilibrium thermal 
response to the solar flux. Starting with the work of Pouillet in 1836, this time dependence was 
neglected and replaced by an equilibrium average ‘climate’. It was assumed, incorrectly, that the 
surface temperature could be determined using average values for just the solar and IR flux terms. 
Physical reality was abandoned in favor of mathematical simplicity. The scientific process of 
hypothesis based on available evidence was not applied. The equilibrium climate assumption be-
came accepted as scientific dogma that provided foundation for the pseudoscience of radiaitve 
forcings, feedbacks and climate sensitivity still used by the IPCC today.  

Over the oceans there is a diurnal phase shift where both the temperature rise and the time delay 
are dependent on the wind speed. This is because the dominant surface cooling term is usually 
the wind driven evaporation or latent heat flux. Outside of the tropics there is also a significant 
seasonal phase shift that may easily reach 6 to 8 weeks. There is no requirement for an exact flux 
balance between the absorbed solar heat and the surface cooling. Any thermal imbalance is ac-
counted for by a change in ocean heat content or enthalpy. The penetration depth of the LWIR 
radaition into the surface is 100 micron or less. Here it is fully coupled to the wind driven evapo-
ration. Any small increase in downward LWIR flux to the surface is overwhelmed by the much 
larger and more variable latent heat flux. Small increases in the downward LWIRflux to the 
surface produced by a ‘greenhouse gas forcing’ cannot produce a measurable incease in ocean 
surface temperature.   

Over land, the excess absorbed solar heat is removed during the day by moist convection. Almost 
all of the absorbed solar flux is dissipated within the same diurnal cycle. The surface temperature 
is reset each day as the bulk air temperature of the local weather system changes the diurnal 
transition temperature. In many parts of the world, the prevailing weather systems are formed 
over the oceans and then move overland. This explains the observed coupling of the seasonal 
phase shift in the ocean surface temperature to the weather station record. On a longer timescale, 
the ocean oscillations may also be coupled to the weather station record.  

There can be no ‘CO2 signal’ in the global mean temperature record. The dominant term is the 
AMO. There are also contributions from urban heat island effects and changes to the number and 
urban/rural mix of the weather stations used in the averaging. The raw data is also adjusted for 
bias using homogenization techniques that generally add warming to the raw data. The 1940 
AMO peak in the temperature record has been conveniently ignored.  

The equilibrium assumption is still the foundation of the fraudulent climate models in use today. 
When the time dependent surface temperature changes related to the diurnal and seasonal cycles 
are analyzed in more detail, it is found that there can be no ‘climate sensitivity’ to CO2. The 
changes in LWIR flux related to a ‘radiative forcing’ by greenhouse gases do not change the 
energy balance or the surface temperature of the earth. Nor can there be a ‘water vapor feedback’ 
that amplifies a nonexistent warming. This is a mathematical artifact created by the equilibrium 
assumption, the fixed RH distribution and the time step integration algorithm introduced by 
Manabe and Wetherald in 1967.  
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Abstract 

Radiation exchange of infrared-active gases with their environment is the basis of the atmospheric 
greenhouse effect (GHE). While the theoretical principles for the energy and heat exchange by 
infrared radiation were already refined at the end of the penultimate and beginning of the last 
century, experimental verifications in the laboratory showed quite contradictory results, on the 
one hand excluding any influence of greenhouse gases, on the other hand indicating a significantly 
greater impact than theoretically expected. 

This study presents a simple experimental set-up, by which the infrared active gases are replaced 
by a broadband absorber and emitter plate in a Styrofoam hollow cylinder and by which the prin-
ciples of the GHE can be demonstrated. In particular, we show that the temperature of a heated 
body depends on the infrared radiation of its colder surrounding and does not contradict physical 
laws. 

Parallel heat fluxes in form of heat conduction and radiation with their mutual influence are ex-
tensively investigated, and it is shown, when the inside of the set-up is coated with an aluminum 
foil, up to 73% of the supplied power to a heated plate is dissipated through infrared radiation. 
Transferring these relationships to the heat transport in the atmosphere suggests that the CO2 
greenhouse effect not only depends on its concentration, but also on the mechanical heat flows, 
mainly evaporation. 

Keywords: Greenhouse effect; back-radiation; radiation exchange, heat conduction 
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1. Introduction 

The so-called atmospheric greenhouse-effect (GHE) is largely controlled by the energy transfer 
processes in the atmosphere. While convection and heat conduction are easy to understand, the 
third form of energy transport, infrared (IR) radiation, is more difficult to convey. In particular, 
quite controversially disputed is the thesis that a heated body can further be heated up by the 
radiation of a colder body or gas. This is seen as a violation of the second law of thermodynamics, 
although Clausius [1] as one of the inventors of this law never questioned a mutual exchange of 
heat by radiation. 

Nevertheless, a refutation of the GHE was deduced from some laboratory experiments, which 
demonstrated that in a compartment with a non-transparent window for IR-radiation or filled with 
carbon dioxide (CO2), this gives no different temperature compared to a housing with transparent 
window and without CO2 (Wood [2]; Allmendinger [3]; Nahle [4]; Seim & Olsen [5, 6]). On the 
other hand, there exist some deceptive demonstrations in the Internet, partially with a temperature 
incline of more than 10°C (e.g., v. Ditfurth [7]), which, however, have to be explained as a CO2 
stratification effect and not as GHE (Schnell [8]). Also, an unreproducible video experiment is 
spreading awareness for a climate crisis (Al Gore [9]), which meanwhile has also been falsified 
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by several revisions (Watts [10]; Solheim [11]). 

It is fundamentally problematic trying to refute or prove the GHE based on just a single temper-
ature measurement. This overlooks the fact that a higher temperature in a compartment - as in a 
real greenhouse - is mainly caused by suppressed convection and not by radiation exchange 
(Wood [2]). At best it can be shown that CO2 is an IR-active gas that absorbs IR-radiation. The 
actual GHE, however, is the result of a temperature gradient in the atmosphere. For further expla-
nations on the theory and experimental studies of the greenhouse gases CO2, methane and nitrous 
oxide (with a similar experimental setup as described here) see Harde & Schnell [12]. 

To shed some light on this confusion, we present here some principal investigations to show what 
is really important when simulating the GHE in the laboratory. In Section 2 we refer to the basics 
of energy transport by IR-radiation and what measures have to be taken, to avoid or to determine 
the individual fractions of competing heat flows. 

The experimental setup that is comparatively easy to implement, is explained in Section 3. It is 
aimed at interested people who want to demonstrate the GHE by simple means. It also addresses 
sceptics, who can check their reservations using the experimentally derived data. 

Section 4 presents measurements of the radiation exchange between a cooler and a warmer plate, 
in particular the back-radiation on the heated plate. In Section 5 is the GHE simulated by placing 
an intermediate absorber-emitter plate between the cooled and heated plate and measuring the 
temperature increase of the warm plate.  

To clarify what amount of heat is transferred by conductivity and by radiation, the heat losses of 
the set-up are investigated in detail in Section 6, and finally it is shown in Section 7 that, depend-
ing on the internal wall of the radiation channel, up to 73% of the supplied heating power to the 
warm plate can be dissipated through infrared radiation.     

2. Some Basics of the Radiation Exchange 

Calculating the energy, dissipated from a body by IR radiation, can be complicated, if more than 
two bodies with different geometries and emissivities are involved in the radiation exchange. In 
practice, however, the calculations can be simplified with sufficient accuracy by making certain 
assumptions. 

Ideally, for two black bodies with an emissivity ε = 1 and temperatures TW and TC, the net radiation 
balance SWC is the difference of the IR radiation between two plane-parallel, closely opposed 
surfaces A, with σ = 5.67∙10-8 W /(m2∙K4) as the Stefan-Boltzmann constant1: 

𝑆ௐ஼  = 𝑆஻ௐ(𝑇ௐ) − 𝑆஻஼(𝑇஼) =  𝜎 ∙ 𝐴 ∙ 𝑇ௐ
ସ − 𝜎 ∙ 𝐴 ∙ 𝑇஼

ସ = 𝜎 ∙ 𝐴 ∙ (𝑇ௐ
ସ − 𝑇஼

ସ) .     (1)    

Real bodies do not completely absorb the incident radiation, but rather reflect part of the radiation, 
which reduces the radiation balance SWC through reflection. From laboratory experiments Stefan 
[13] empirically derived the radiation balance of reflecting surfaces, which is the precursor of the 
well-known Stefan-Boltzmann law [14]: 

𝑆ௐ஼ = 𝜎 ∙ 𝐸 ∙ 𝐴 ∙ (𝑇ௐ
ସ − 𝑇஼

ସ) .                                            (2)    

The radiation exchange efficiency E of plane-parallel surfaces is calculated from the emissivities 
εW and εC of the warm and cold plates as: 

𝐸 = ൬
1

𝜀௪
 +  

1

𝜀௖
 − 1൰

ିଵ

.                                                (3)    

 
1 SB stands for the radiation power of a body as a function of its temperature according to Stefan-Boltzmann 

with the additional subscripts indicating the location of this emission (Fig. 2). 
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For blackened, rough surfaces with emissivities εW,C = 1, E = 1, and (2) changes to (1). 

A transfer of radiation and thus power between two bodies is always characterized by radiation 
and back-radiation. In order to replicate this process experimentally, two surfaces of different 
temperatures are required, which should be positioned at short distance and, if possible, parallel 
to each other for optimal radiation exchange. 

Dulong & Petit [15] were able to realize a quite smart arrangement for the radiation exchange, 
when studying the cooling rate of a thermometer, heated to 200 °C in an evacuated copper vessel. 
The vacuum excludes mechanical heat flows and the concentrically arranged surfaces enable un-
hindered exchange without contact of the IR radiation with other surfaces (Fig.1). 

 

Experimental set-ups that are easier to implement, consist of two parallel plates, which oppose 
each other in an elongated compartment at normal pressure, where one plate can be heated and 
the other cooled. The compartment enables a radiation exchange between the two plates in form 
of a radiation channel that directs the IR radiation from one plate to the other through multiple 
reflections. Due to the size and inner surface of the housing (also as potential container for IR-
active gases) total reflection is excluded, while part of the radiation is absorbed by the container 
walls and dissipated as heat to the outside or returned to the original plate by re-emission. In such 
a radiation channel, there are unavoidable transmission losses, so that less heat than expected by 
(1), is transferred by IR radiation. This is taken into account by a transfer factor fT < 1. 

In previous experiments on the GHE with a similar experimental setup, a transfer factor of fT = 
0.75 was found. This shows that despite a larger plate distance, up to 75% of the diffusely emitted 
radiation can be predominantly reflected and directed to the other plate (Harde & Schnell [12]). 

This article presents a simple experimental setup for investigating the joint heat transport through 
heat conduction and infrared radiation. In this way, the basics of the greenhouse effect can be 
presented in a particularly retraceable way. However, also complex studies on the propagation 
and superposition of parallel heat flows can be performed, which can simulate the competing heat 
transport in the atmosphere and the only incompletely understood role of clouds. Parallel heat 
flows such as convection and evaporation reduce the radiation transport and thus the greenhouse 
effect of the IR-active gases, as reflected by different influences in dry or wet areas. 

3. Experimental Set-Up 

Fig. 2 shows the schematic of the experimental set-up, a vertical hollow cylinder made of Styro-
foam, which is located in the laboratory with a constant room temperature TR (for technical details, 
see Appendix). The apparatus, designed as a modular set-up, can be easily converted and therefore 
be used for different experiments. 

The temperature TW and the heating power HW of the warm plate PW give the most important 
information for an investigation. With these data, the back-radiation and the greenhouse effect 
can be determined, but also the parallel heat flows via conduction and radiation can be tracked 
and quantified. 

Figure 1: Set-up of the Dulong-Petit experiment. 
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The circular ring PS (sensor plate) plays a special role. This unheated surface is a sensor for back-
radiation and horizontal heat propagation, but also takes part in the radiation exchange with the 
cooled plate and must be taken into account when analysing and evaluating the heat flows. 

Additional temperature sensors along the radiation channel are recording the mechanical heat 
flows at the respective positions. At the bottom the radiation channel contains the cooled plate, 
either with a blackened (PC) or polished (PCP) surface (Appendix, Fig. 9). Its temperature is 1°C 
colder than the room temperature TR. When starting an experiment, all other temperature sensors 
are approximately at room temperature, while the warm plate PW and also the sensor plate PS in 
the upper position of the radiation channel will attain significantly higher temperatures after 
switching on the heating. This results in air stratification with a temperature gradient from top to 
bottom, which excludes convection as a possible heat transport. A digital laboratory power supply 
with a constant voltage of 4.0 volts is used for the electrical heating of the plate PW, supplying a 
power of HW = 1.2 W. 

The greenhouse effect is simulated by placing an additional blackened aluminum disk PI into the 
radiation channel. Such an intermediate plate, like greenhouse gases, can absorb infrared radiation 
and re-emit it according to its own temperature. This property is the core of the greenhouse theory, 
which leads to an increase in the temperature TW of the warm plate PW. This plate acts as heat 
source and sensor at the same time. 

 

4. Evidence of Back-Radiation 

The PW and PS plate release part of their heat through radiation exchange with their surroundings. 
While the IR-emission of these plates is clearly defined by their temperatures TW and TS and their 
emissivities εW,S = 1, the radiation from the environment, the so-called back-radiation, is inher-
ently much more complex. This radiation results from a superposition of emissions and reflections 
that emanate from the cooled plate and the channel wall of the hollow cylinder. This will be 
demonstrated for the base plate by varying its surface and temperature. 

Figure 2: a) Experimental set-up of the Styrofoam radiation channel with internal aluminum tube, 
temperature sensors T and plates P (subscripts: T-top, W-warm, S-sensor, I-intermediate, C-cold, 
CP-cold polished). b) Top of radiation channel with warm plate PW and sensor plate PS. c) Radiation 
channel with polished aluminum tube before installing the sensor plate PS.  

a) b) 

c) 
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Even the word back-radiation is questioned by critics of the greenhouse effect, who claim that the 
laws of physics do not allow such radiation or that an observation according to (1) or (2) would 
only be possible in vacuum. 

The IR emission of the cold plate PC is undoubtedly self-sufficient radiation, which, according to 
the Stefan-Boltzmann law, only depends on the plate temperature TC and the emissivity εC: 

𝑆஻஼(𝑇஼) = 𝜎 ⋅ 𝜀஼ ⋅ 𝐴஼ ⋅ 𝑇஼
ସ .                                                (4)    

Fig. 3 shows two examples illustrating how the temperature of the constantly heated plate PW is 
influenced by the back-radiation2. After having reached thermal equilibrium (~ 100 minutes), the 
black coated base plate PC is further cooled down from 17 to 11°C (Fig. 3a). Due to (2) the radi-
ation exchange between the plates increases and the temperature TW decreases accordingly. In 
Fig. 3b, the base plate is replaced by a polished disc PCP under otherwise same conditions as in 
Fig. 3a. Owing to the significantly reduced absorptivity, respectively emissivity (αC resp. εC), the 
radiation transfer is reduced accordingly and the temperature TW increases till thermal equilibrium 
is established. In contrast to the blackened plate, there is hardly any reaction to TW, when the PCP 
plate cools down. This is explained by the fact that with reduced emissivity, the reflectivity rC = 
1 - εC increases and the emission from the cooled plate is largely replaced by the reflected radiation 
from the warm plate. Their radiation losses are reduced accordingly3. A change in thermal con-
ductivity, as a possible cause of these effects, can be ruled out in these experiments (see Sec. 6). 

 

The heat loss of a body to its colder environment, in this case the heated plate, is determined by 
the temperature difference TW with and without heating4 as: 

∆𝑇ௐ = 𝑇ௐ(𝐻ௐ) − 𝑇ௐ(0) = 𝜗் ∙ 𝐻ௐ .                                            (5)    

HW is the dissipated heat, which in equilibrium is equal to the heating power supplied, and T 
(°C/W) represents the total thermal resistance of the experimental setup, which includes all heat 
flows. According to (5), even with a constant supply of heat, a body experiences a temperature 
increase when the thermal resistance T increases. In the same way, the greenhouse effect can be 
described by a respective resistance G (Section 5). 

Therefore, the results are in full agreement with (1) and (2), according to which the temperature 
TW of a heated body also depends on the intensity of the back-radiation of its surrounding, even 
when the surrounding is colder than the considered body. 

 
2 In analogy to the back-radiated and back-scattered radiation in the atmosphere we use this term here, too. 
3 The radiation exchange E explicitly takes into account that radiation is not only absorbed by surfaces, but 

also reflected. 
4 ΔTW is the temperature increase of plate PW from a lower to a higher thermal equilibrium, which estab-

lishes after switching on the heating HW (Fig. 4). 

Figure 3: Impact of the back-radiation on the temperature TW of the warm plate PW, a) with black-
ened plate PC and b) with polished plate PCP. 

a) b) 
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Transferred to the Earth this means, the Earth's surface is heating up stronger, when the intensity 
of the atmospheric back-radiation increases. Back-radiation is not a privilege of greenhouse gases, 
because aerosols or clouds also produce infrared radiation in the atmosphere. At the same tem-
perature, their radiation intensity would even be higher than that of the gases, since all IR wave-
lengths of a Planckian radiator are contributing to this radiation. The effect of low clouds, which 
is noticeable at mild night temperatures, is particularly impressive. In comparison, CO2 has only 
a small influence and cannot come close to keeping up with clouds, as shown by the strong night-
time cooling in arid deserts despite high daytime temperatures (and despite rising CO2 concentra-
tions). 

5. Simulation of the Greenhouse Effect 

When modeling the greenhouse effect, the question is, what effects an unheated IR-active body 
in the radiation channel on the heat transport. When planning the corresponding experiment, it is 
important to ensure that such a body must have an absorption coefficient ε close to 1 and a high 
thermal conductivity λ, not to build up an additional thermal resistance in the radiation channel. 
A 0.5 mm thin aluminum disk, blackened on both sides, called as intermediate plate PI, meets 
both conditions (Fig. 2a). A thin layer thickness and thermal conductivity λAl = 220 W/(m∙°C) 
ensure a high heat flow in the aluminum disc. 

In the radiation channel, disk PI interrupts the radiation exchange through an absorption-emission 
cycle, whereby the energy supplied, is released again on both sides by infrared radiation. This 
process, in principle, corresponds to the effect of greenhouse gases in the atmosphere, with the 
difference that in the black disk all available wavelengths of a Planck radiator are affected by the 
absorption-emission interruption. In this model experiment, the cooled plate PC is the energy sink, 
the place where the net energy transmitted by IR radiation is dissipated. 

The model experiment can also be viewed as a simulation of the impact of clouds on the radiation 
exchange. In this sense, the disk PI simulates a complete cloud cover and PW the earth's surface. 

Another sensor on the disk PI provides information about the temperature TI that occurs at this 
location, which would correspond to the temperature of the gases or clouds. 

By definition, the measure of the greenhouse effect is the temperature increase ΔTG of the warm 
plate compared to a measurement without a plate PI but the same heating HW. The respective 
resistance can be defined as G = ΔT = T (with disc) - T (no disc). In three experimental setups, 
that differ only in the distance between the disk PI and the warm plate, the existence of this plate 
in the beam path causes well observable temperature differences of up to 2.0 °C (Table 1). 

Table 1: Greenhouse effect of a blackened disc for a constant heating output HW = 1.2 W. 

Intermediate plate PI 
distance to PW (cm) 

TW (0) 
°C 

TW(HW) 
°C 

TI 
°C 

ΔTW 
°C 

ΔTG 
°C 

HW 
W 

T 

°C/W 
G 

°C/W 

  5 16.9 26.1 19.8 9.2 2.0 1.20 7.7 1.7 

 30 16.9 25.7 19.0 8.8 1.6 1.20 7.4 1.4 

 55 16.9 25.3 18.5 8.4 1.2 1.20 7.0 1.0 

no disc 16.8 24.0  - 7.2 - 1.20 6.0 - 
 

For the plates PW and PS, the source of the back-radiation is no longer plate PC, but the warmer 
plate PI with the temperature TI (Fig. 4, Dashed Red). This is recorded accordingly as an increase 
in the temperature TW (Red) and TS (Light Green). For comparison are shown the temperatures TW 
and TS without disk PI (Blue lines). Once again, this confirms what was already proven in Sec. 4: 

The temperature of a heated body clearly depends on the intensity of the back-radiation of its 
surrounding, even when this is colder, and it experiences an increase ΔTG whenT increases. 
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The simulated greenhouse effect is also reflected in the trend of the thermal resistance G, which 
characterizes this impact and which increases, the closer disk PI comes to the warm plates PW and 
PS, and thus causes a temperature increase of TW in analogy to (5) (Table 1). 

Applied to the atmosphere this means, low clouds with their comparatively high temperatures and 
broad emission generate such a strong back-radiation that contributions from greenhouse gases 
are strongly masked and only show a minor effect. Accordingly, under a higher cloud cover with 
lower temperature, the fraction of IR-active gases to the GHE is increasing (Harde [16]). 

6. Heat Losses at Radiation Transfer 

In order to check how far the above measurements really reveal an exchange of radiation between 
the plates and not heat conduction, some additional investigations are required. For this purpose, 
the disk PI is again removed. 

6.1 Preliminary Theoretical Considerations 

Without external heating, all surfaces in the radiation channel have approximately the room tem-
perature (Fig. 4, up to minute 120). When energy is supplied to the plate PW in form of a constant 
electrical heating power HW, its temperature increases until an equilibrium of supplied and dissi-
pated power is reached. 

This power is dissipated through radiation exchange SBW between the heated and cold plate, a 
parallel exchange SBS between the unheated sensor plate and the cold plate, as well as a mechan-
ical heat flow JQ to the laboratory room with temperature TR (Fig. 5a). 

 

Figure 4: Temperatures in the radiation channel with intermediate plate PI (5 cm below plate PW) 
before and after switching on the heating HW. For comparison, the temperatures TW and TS without 
disk PI (blue lines). 

TG 

Figure 5: a) Heat fluxes of radiation and conductivity, b) equivalent electrical circuit diagram. 
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However, these heat flows only occur when there is a temperature difference to their surrounding 
inside and outside the experimental set-up. For SBW and SBS these are the differences ΔTWC and 
ΔTSC to the cooled plate, for JQ it is the difference TWR to the room air. They form the drive for 
these flows and, in equilibrium, are also determined by the power HW and these flows. 

For smaller powers and corresponding temperature changes the net radiation exchange can be 
expressed in good approximation by differentiating (1): 

𝛥𝑆஻௜ = 𝜎 ⋅ ൫𝜀௜ ⋅ 𝐴௜ ⋅ 𝑇௜
ସ − 𝜀஼ ⋅ 𝐴஼ ⋅ 𝑇஼

ସ൯                                                         

≈ 4 ⋅ 𝜎 ⋅ 𝜀௜ ⋅ 𝐴௜ ⋅ 𝑇௜
ଷ ⋅ 𝛥𝑇௜஼ = 4

𝑆஻௜(𝑇௜)

𝑇௜
𝛥𝑇௜஼  ;   𝑖 =  𝑤, 𝑠       (6a) 

= 𝑞ௌ௜ ⋅ 𝛥𝑇௜஼ =
1

𝜗ௌ௜
⋅ 𝛥𝑇௜஼  ,                                                                     

with 

𝑞ௌ௜ =  
1

𝜗ௌ௜
= 4

𝑆஻௜(𝑇௜)

𝑇௜
                                                                         (6b) 

as specific heat transfer by radiation and Si as radiation resistance. 

Since due to multiple scattering and reflection losses occur in a radiation channel with side walls, 
compared to the theoretically expected radiation exchange according to (6), this must be taken 
into account by a transfer factor fT. The total radiation balance SBT, which is only of further 
interest, is therefore given as: 

𝑆஻் = 𝑓 ⋅ (𝑆஻ௐ + 𝑆஻ௌ) =
1

𝜗ௌ்
⋅ 𝑇ௐௌ  .                                          (6c) 

ST is the total radiation resistance and TWS a weighted temperature difference of the two top 
plates to the cold plate. 

According to Fourier, the mechanical heat flow JQ can be calculated in good approximation from 
the thermal conductivity λSt of the Styrofoam insulation, its thickness d and its surface ASt as: 

𝐽ொ = 𝜆ௌ௧ ⋅
𝐴ௌ௧

𝑑
𝛥𝑇ௐோ                                                            (7𝑎)   

= 𝑞௃ ⋅ 𝛥𝑇ௐோ =
1

𝜗௃
⋅ 𝛥𝑇ௐோ                                                         

with 

𝑞௃ =  
1

𝜗௃
= 𝜆ௌ௧ ⋅

𝐴ௌ௧

𝑑
                                                            (7𝑏)   

as conductivity and J as resistance of the mechanical heat flow. 

Since in thermal equilibrium not more heat can be dissipated than supplied, the heat flows add up 
to the electric heating HW with 

𝐻ௐ = 𝑆஻் + 𝐽ொ  .                                                        (8)    

The addition of the heat flows can be directly compared with the parallel connection of resistors 
in an electrical circuit (Fig. 5b), in which the temperature differences correspond to the applied 
voltages and the heat fluxes correspond to the electric currents, which add up to the total current 
according to Kirchhoff's rule and Ohm's law. 

Applied to the atmosphere, this also means: The overall balance between the Earth's surface and 
the atmosphere is always determined by the parallel heat transfer channels such as radiation, heat 
conduction, convection and evaporation. With the same total power supplied, an increase in one 
process has the opposite effect on the other channels. 
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The heat flow JQ can be determined experimentally by the heating power HW, when the radiation 
exchange is prevented by a special experimental setup, the so-called Styrofoam block, where SBT 
= 0 and (8) transitions to 

𝐽ொ = 𝐻ௐ  .                                                             (9)   

The thermal conductivity λSt, thickness d and surface area ASt are fixed design features of the 
apparatus that define the thermal conduction resistance J and, as the reciprocal, the specific heat 
conduction qJ. Thus, via (7) and (9), qJ can be determined from the heating HW and the difference 
between the inside and outside temperature ΔTWR, this for different configurations of the radiation 
channel, which differ in their wall lining. 

For “radiation experiments”, the inner Styrofoam disks are removed from the Styrofoam block to 
get the radiation channel. This change has no influence on the external thermal insulation, so that 
the competing heat flow JQ of the hollow cylinder now can be calculated by means of the known 
specific heat conduction qJ according to (7) (see Section 7). 

When the heat flow JQ is known, the total radiation balance SBT, i.e., that part of the heating 
output HW, which is dissipated by IR radiation, can also be calculated: 

𝛥𝑆஻் = 𝐻ௌ஻ =   𝐻ௐ − 𝐽ொ  .                                                   (10)    

HSB is the heating power HW minus the heat flow JQ, i.e., that part of the heating output HW that is 
available for radiation exchange. 

6.2 Determination of the Heat Flow JQ in a Styrofoam Block 

To determine the heat flow JQ of the experimental set-up, the radiation exchange SBT must be 
prevented. In this case, all supplied power flows exclusively as heat current JQ outwards according 
to (7). For this measurement the aluminum tube is removed from the hollow cylinder and the 
exposed channel is completely filled with 12 polystyrene disks (Fig. 6). 

 

When the heating is switched on, the plate PW heats up to a temperature of 41.6 °C within around 
500 minutes and holds this temperature for the next 200 minutes. The constant TW temperature 
proves thermal equilibrium, in which heat input (HW) and heat removal (JQ) according to (9) are 
the same (Fig. 6, right). 

The heat from plate PW mainly flows outwards via the upper Styrofoam cover, as can be seen 

Figure 6: Determination of the insulation loss JQ of the Styrofoam compartment. 



 Michael Schnell, Hermann Harde: Model-Experiment of the Greenhouse Effect  

 

Science of Climate Change https://scienceofclimatechange.org 

 454 

from the temperatures TT = 30.9 °C (Brown Line) and TS = 29.9 °C (Red Dashed). This is in 
agreement with the expectation, since the warm plate PW is located in the upper quarter of the set-
up and has physical contact with the Styrofoam lid. 

A downward spread towards the cold plate PC is hindered by the simultaneous lateral heat flow, 
so that the temperatures of the Styrofoam wall T1 = 20.6 °C and T2 = 18.4 °C are only slightly 
higher than the room temperature TR = 17.4 °C. 

From the difference between the inside and outside temperature TWR and the heating output HW 
= JQ, the thermal resistance J or the heat conduction qJ for mechanical heat dissipation is calcu-
lated according to (7a). 

The measurements are repeated for a larger temperature range with two additional heating levels 
HW = 0.66 W and HW = 0.30 W. Only small deviations in the thermal resistance and heat conduc-
tion are found. Their averages are listed in Table 2. 

Table 2: Specific resistance J and heat conduction qJ for different configurations. 

Channel 
wall 

TW 

°C 
TR 

°C 
ΔTWR 

°C 
HW (JQ) 

W 
J 

°CW 
qJ 

W/°C 

Styrofoam 41.6 17.4 24.2 1.16 20.95 0.048 

Al-foil 40.5 17.6 22.9 1.15 19.98 0.050 

Al-tube 38.0 17.5 20.5 1.16 17.67 0.057 

 

The internal channel is then covered with an aluminum foil or an aluminum tube and filled again 
with 12 Styrofoam discs. As before, thermal resistance J and heat conduction qJ are determined 
for these experimental configurations using three heating stages. 

6.3 Heat Diffusion in a Styrofoam Channel 

To control how far the heat conduction expands to the lower plate PC and could overlap with the 
radiation transport, the lowest discs from the Styrofoam block (see Subsection 6.2) are gradually 
removed from the radiation channel. This creates a partial channel (BRC = bottom radiation chan-
nel) above the cold plate PC with the variable length LBRC (Fig. 7). 

 
Figure 7: a) Bottom radiation channel BRC above plate PC, b) Temperatures via channel length LBRC. 

a) b) 
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For our further considerations, not the channel formed, is of interest, only the layer thickness of 
the Styrofoam disks still present under the warm plate PW and the temperature TD of the lowest 
Styrofoam disk5. 

As long as no heat from the plate PW reaches the lowest Styrofoam disk, the radiation exchange 
between the plates PC and PD leads to the same temperatures TC = TD. Indeed, this is observed, 
when removing the first 4 Styrofoam disks (Fig. 7b). Only when additional polystyrene disks are 
taken away and the channel length LBRC gets longer than 20 cm, the temperature TD (Green line) 
is initially slightly and then significantly higher than TC (Blue line). From these temperature meas-
urements it can be concluded that the heat from the plate PW flowing laterally and also downwards, 
is completely dissipated to the outside after around 40 cm. Mechanical heat conduction through 
the channel jacket to the cooled plate can therefore be ruled out, and heat conduction via air in 
the radiation channel plays no role, as has already been demonstrated in previous studies with 
noble gases of different thermal conductivities [12]. 

Of particular interest is the removal of the last disk (LBRC = 60 cm), when radiation exchange 
between the plates PW and PC is possible. It is reflected as significant drop of TW by 11.7 °C (Fig. 
7b, top image). This temperature effect demonstrates that heat is transported over larger distances 
primarily through infrared radiation and not through heat conduction. 

6.4 Heat Dissipation in a Styrofoam Channel with Internal Aluminum Cladding 

To optimize the radiation exchange, the radiation channel can be lined with a polished 0.5 mm 
thick aluminum sheet (Fig. 2, without plate PI), which should have a positive effect on the radia-
tion exchange (Section 7.2). 

However, aluminum has a very high thermal conductivity λAl = 220 W/(m∙°C), also changing the 
thermal conduction JQ of the set-up. The heat conduction of a Styrofoam block with an aluminum 
tube increases by 19% to qAl = 0.057 W/°C, compared to the pure Styrofoam lining, and the ther-
mal resistance drops to J = 17.67 °C/W (Table 2). 

As before, when the lowest polystyrene discs are gradually removed, a maximum spread of 40 
cm below the plate PW (Fig. 8, LBRC = 20 cm) is detected. A mechanical heat flow between the PW 
and PC plates can therefore also be excluded with an internal aluminum tube (Fig. 8). 

 

 
5 The thickness of the Styrofoam discs is 60 – LBRC cm. Since the conductivity of air λL = 0.026 W/(m∙°C) 

is slightly lower than that of Styrofoam with λSt = 0.035 W/(m∙°C), we can be sure that the new channel 
of length LBRC does not elevate mechanical heat conduction downwards.  

Figure 8: Heat spread  towards the PC plate. Comparison with temperature TW(St)) for the Styrofoam 
duct without aluminum tube (Black Dashed). 
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The only notable difference to the Styrofoam channel TW(St) is the lower TW temperature for the 
same heating output, which is explained in more detail in Subsection 7.2. 

The heat conduction of an aluminum layer also depends, among others, on its layer thickness. So, 
it makes sense to replace the aluminum sheet by a thin aluminum foil as internal coating. 

The measurements for the specific heat conduction give qJ = 0.050 W/°C, which is only slightly 
higher than the hollow Styrofoam cylinder with 0.048 W/°C, and thus represents a good alterna-
tive to the aluminum tube for a duct surface with a high degree of reflection (Table 2). 

7. Share of Infrared Radiation to the Total Heat Dissipation 

Hollow cylinders with end plates of different temperatures dissipate the released heat through 
both, infrared radiation and heat conduction, according to (8). The ratio of the two heat flows 
depends on the thermal insulation, the diameter and length of the channel and in particular on its 
surface. The latter will be demonstrated using three examples with different surfaces in the radi-
ation channel. 

At first glance, such an investigation is very special and should only be of interest to specialists 
who are thinking about experiments on the greenhouse effect. However, we have to remind that 
the Earth's surface also has various transport mechanisms for dissipating heat from the surface. 
Understanding the different heat flows and their interdependence also enables a deeper insight 
into the greenhouse effect and its real or perceived impact on climate change. 

a) Radiation Transfer in a Styrofoam Hollow Cylinder 

According to (10), with the knowledge of JQ, the total radiation balance SBT is found as differ-
ence of HW and JQ. Table 3 shows the temperatures measured in a hollow cylinder of Styrofoam 
with a heating output of HW = 1.2 W, and the share of infrared radiation of the total heat flow that 
is derived from this. 

The calculation of the power balances starts with the mechanical flow JQ = 0.39 W, which, ac-
cording to (7a), results from the temperature difference ΔTWR = TW – TR and the specific heat 
conduction qJ = 0.048 W/°C (Table 2). Based on the 1.2 W heating, 32.8% is conducted outwards 
through JQ. The power HSB = HW - JQ = 0.81 W corresponds to the radiation exchange SBT, which 
transfers the heat from the two plates PW and PS to the plate PC. Accordingly, 67.2% of the heat 
is dissipated directly or indirectly through infrared radiation (Table 3). 

Table 3: Styrofoam hollow cylinder: Temperatures and power balance. 

TR 
°C 

TC 
°C 

TW 
°C 

TS 
°C 

TT 
°C 

T1 
°C 

T2 
°C 

T3 
°C 

T4 
°C 

17.7 16.9 25.9 20.9 22.1 18.7 18.4 18.3 18.0 

PW/PS 
m2 

SBC 
W 

SBW 
W 

SBS 
W 

SBW 
W 

SBS 
W 

SBW+SBS 

W 
HSB 
W 

fT 

0.019 7.63 8.62 - 0.99 - 2.16 0.81 0.37 

0.052 20.79 - 21.96 - 1.17 
   

HW 
W 

TW 
°C 

TWR 
°C 

T 

°C/W 
ST 

°C/W 
J 

°C/W 
qJ 

W/°C 
SBT 

W 
JQ 

W 

1.20 8.8 8.2 7.3 10.9 20.8 0.048 0.81 0.39 
       

67.2% 32.8% 

 

In order to determine the radiation losses in the Styrofoam cylinder, the theoretical radiation for 
all three plates PC, PW and PS (SBC, SBW, SBS) is calculated according to the Stefan-Boltzmann law 



 Michael Schnell, Hermann Harde: Model-Experiment of the Greenhouse Effect  

 

Science of Climate Change https://scienceofclimatechange.org 

 457 

for ε = 1 and their respective areas. The net radiation exchange between PW and PC or between PS 
and PC as defined by (6a), is given as SBW and SBS. The ratio HSB/(SBW + SBS) defines the 
transmission factor fT accordingly (6c). 

It turns out that even with a simple radiation channel made of Styrofoam with a transmission 
factor fT = 37%, the heating power HW is mainly (67%) dissipated by infrared radiation from the 
warm plates PW and PS. 

Due to the parallel heat flows with the resistances Si (i = w, s) for radiation and J for mechanical 
heat transport, the total resistance T is always smaller than the individual resistances. 

b) Radiation Transfer in a Styrofoam Hollow Cylinder with an Aluminum Tube 

To optimize the radiation exchange, the radiation channel is lined with a polished 0.5 mm thick 
aluminum sheet. The IR radiation is mainly reflected on this smooth surface and less scattered or 
absorbed, which should reduce radiation losses in the channel and thus promote radiation ex-
change. Table 4 shows the temperatures and power balances that arise with a heater output HW = 
1.2 W for a radiation channel with an aluminum tube. The calculation of the energy balances is 
carried out as described above. 

Overall, the heat dissipated by radiation is only slightly increased to 69.1% vs. 67.2% without 
aluminum pipe. The reason is the higher heat conduction of the aluminum tube, which contributes 
to an increase in the heat flow JQ and partially compensates the advantage of better reflection. 

Table 4: Styrofoam hollow cylinder with aluminum tube: Temperatures and power balance. 

TR 
°C 

TC 
°C 

TW 
°C 

TS 
°C 

TT 
°C 

T1 
°C 

T2 
°C 

T3 
°C 

T4 
°C 

17.5 17.0 24.0 18.8 20.7 17.9 17.6 17.4 17.4 

PW/PS 
m2 

SBC 
W 

SBW 
W 

SBS 
W 

SBW 
W 

SBS 
W 

SBW+SBS 

W 
HSB 
W 

fT 

0.019 7.64 8.40 - 0.76 - 1.29 0.83 0.65 

0.052 20.82 - 21.34 - 0.52 
   

HW 
W 

TW 
°C 

TWR 
°C 

T 

°C/W 
ST 

°C/W 
J 

°C/W 
qJ 

W/°C 
SBT 

W 
JQ 

W 

1.20 7.2 6.5 6.0 8.7 17.5 0.057 0.83 0.37 
       

69.1% 30.9% 
 

c) Radiation Transfer in a Styrofoam Hollow Cylinder with an Aluminum Foil 

An aluminum foil causes a lower specific heat conduction of qJ = 0.050 W/°C in the Styrofoam 
block compared to 0.057 W/°C for the aluminum tube (Table 2) at comparable reflection proper-
ties in the hollow cylinder. This also affects the radiation transfer SBG, whereby around 73% of 
the HW power is dissipated through IR radiation with an aluminum foil (Table 5). 

In summary, coating the Styrofoam channel with an aluminum sheet or aluminum foil improves 
the reflection properties of the radiation channel, and thereby, increases significantly the trans-
mission factor from fT = 0.37 to fT = 0.65 (Tables 4 and 5). 

A channel without coating shows also the direct consequences for the greenhouse effect: When 
the radiation transport decreases (the respective resistance increases, in this case due to the lower 
transfer factor fT = 0.37), the temperature TW of the warm plate inclines, in this case from 24.0 °C 
to 25 .9 °C to overcome the bottleneck. On the other hand, when the parallel heat flow JQ increases 
from 0.33 to 0.37 W (a sheet of metal dissipates more heat than an aluminum foil), the radiation 
transport SBT must decrease from 0.88 to 0.83 W. 
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Table 5: Styrofoam hollow cylinder with aluminum foil: Temperatures and power balance. 

TR 
°C 

TC 
°C 

TW 
°C 

TS 
°C 

TT 
°C 

T1 
°C 

T2 
°C 

T3 
°C 

T4 
°C 

17.5 16.9 24.0 18.9 20.8 18.2 17.9 17.6 17.4 

PW/PS 
m2 

SBC 
W 

SBW 
W 

SBS 
W 

SBW 
W 

SBS 
W 

SBW+SBS 

W 
HSB 
W 

fT 

0.019 7.63 8.40 - 0.77 - 1.35 0.88 0.65 

0.052 20.79 - 21.37 - 0.58 
   

HW 
W 

TW 
°C 

TWR 
°C 

T 

°C/W 
ST 

°C/W 
J 

°C/W 
qJ 

W/°C 
SBT 

W 
JQ 

W 

1.20 7.2 6.5 6.0 8.2 20.0 0.050 0.88 0.33 
       

72.9% 27.1% 

 

This finding also contributes to a deeper understanding, how parallel heat fluxes affect the CO2 
GHE. In the Earth-Atmosphere System, mechanical heat flows occur only to a small extent 
through heat conduction, but mainly through convection and evaporation, whereby heat is re-
moved from the Earth's surface, in addition to radiation transport (Trenberth et al. [17]). On one 
side this reduces the fraction of the radiation transfer, on the other side the warming of the Earth's 
surface, caused by increasing greenhouse gases, simultaneously leads to increased convection and 
evaporation, which overall manifests itself as clear negative feedback for the GHE. Cloud cover 
has another significant influence on the size of the GHE, as the absorption and emission bands of 
the GHG are superimposed by the broadband radiation emitted by clouds. Therefore, the effect 
of GHG under a cloud cover can significantly be reduced (see Harde [16]). 

Unfortunately, the impact of evaporation on the GHE, the influence of the cloud cover and a 
largely saturated water vapor feedback are not taken into account in publications, to which the 
IPCC refers. This leads to significantly higher estimates of the equilibrium climate sensitivity 
ECS (temperature increase at doubled CO2 concentration). So, within the Coupled Model Inter-
comparison Project Phase 6 (CMIP6), e.g., the climate sensitivity is specified as ECS = 3.78°C 
(IPCC, AR6-WG1-Table7.SM.5 [18]). This is more than a factor of 5 higher than this follows 
from own calculations with ECS = 0.68°C, when taking into account the mentioned impacts, 
which altogether are contributing to total negative feedback (Harde [16], [19]). 

8. Conclusion 

Based on the physical principles, there can be no serious doubts that an IR-active body emits 
infrared radiation, when its temperature is > 0 K, nor about the knowledge that energy can be 
transported with this radiation. Only controversially discussed is, whether infrared radiation 
causes warming from cold to warm. This doubt contains a misleading assumption. Thermally 
induced radiation exchange is not about the direction of energy transfer between two surfaces of 
different temperatures, which here too always only occurs from warm to cold, but rather about 
the net radiation balance SB, which is transferred as energy per time and what effect this has on 
the warmer body. 

To dispel these doubts, heat propagation was studied in a hollow cylinder made of Styrofoam, 
which is closed at both ends with aluminum plates, so that the two plates can exchange heat 
through infrared radiation. The upper cover consists of a heatable plate PW and a passive sensor 
ring PS, at the other end is installed an air-cooled plate PC. In order to demonstrate the radiation 
transport, the plate PW is heated with a constant heating power HW, and the resulting temperature 
increase ΔTW of the plate PW is measured. 
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In a first demonstration experiment it is shown that the cooled plate controls the radiation ex-
change either through self-emission or even more effectively through reflection of the incident 
radiation, which explains the term "back-radiation" and its meaning. 

In the next step, the greenhouse effect is simulated in a model set-up. A thin, blackened metal 
plate PI is attached inside the hollow cylinder, which influences the radiation transport through an 
absorption-emission process, similar to IR-active gases, aerosols and clouds in the atmosphere. 
This hindrance for the exchange of radiation leads to a significant increase in back-radiation and 
thus, also to an increase in the temperature of the warm plate PW. 

This model experiment and the analog measurements with greenhouse gases (Harde & Schnell 
[12]) refute the thesis that such warming is not physically possible. The laws of physics apply 
universally; what is possible in the laboratory also applies to the atmosphere. 

Since heat can be transported both by thermal conduction JQ and by infrared radiation SB, the 
focus of the study was to determine, which transport processes dominate at which location and 
how they influence each other. 

Filling the radiation channel with Styrofoam discs leads to a Styrofoam block that dissipates the 
heat exclusively through heat conduction outwards, from which the specific heat conduction of 
the Styrofoam insulation qJ is determined, and from which the heat flux JQ can be calculated. By 
gradually removing the Styrofoam discs, it can be shown that the mechanical heat flux is restricted 
mainly to the upper insulation and the upper channel and does not reach the lower part. 

With known heat flow JQ the radiation flux SBT is found as the difference to the heating output 
HW (eq. 10), since at thermal equilibrium both flows add up to the supplied power HW. 

The radiation losses caused by the radiation channel are taken into account by a transfer factor fT, 
which follows from the ratio of measured to theoretical radiation transport. 

The radiation losses can be reduced by coating the radiation channel, either with an aluminum 
sheet or aluminum foil, so that up to 73% of the heating output HW is dissipated by infrared radi-
ation. During these tests it was found that the aluminum foil causes a smaller heat loss JQ than the 
sheet, which results in a slightly increasing radiation exchange. 

Since in thermal equilibrium only as much heat can be dissipated as is supplied, any changes in 
the mechanical heat flows have a counterbalancing effect on the radiation balance. This also 
largely applies to the Earth-Atmosphere System, and thus, has a direct impact on the size of the 
greenhouse effect. 

Still controversially discussed is, how the various IR-active components of the atmosphere inter-
act and impact each other, and how great their respective influence is. Larger discrepancies can 
be found for the estimated feedbacks, which within the CMIP6 studies, e.g., give an average am-
plification of the basic equilibrium climate sensitivity by a factor of 3.1 and a final ECS = 3.78°C. 
Other studies show negative feedback with an attenuation of 36% and an ECS of only 0.68°C 
(Harde [16], [19]; Lindzen [20]). 
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Appendix 

A1. Description of the Experimental Set-Up 

The cylindrical compartment is made of 16 round Styrofoam plates (Ø: 50, H: 5 cm), which are 
available as cake dummies (Fig. 2). A hole (Ø: 30 cm) is cut out of the middle of 12 of the 
Styrofoam panels. These 12 plates form the 60 cm long radiation channel. The 4 remaining plates 
(without hole) are required for the top cover of the radiation channel (H: 20 cm). The entire con-
struction is hold together by three threaded rods, creating a radiation channel with a Styrofoam 
surface. The apparatus can be converted relatively easily by loosening the screw connections. 
From the outside, the cylinder jacket is covered with an aluminum-coated Styrofoam wallpaper 

To optimize the radiation exchange, the channel is lined with a 0.5 mm thick, highly polished 
aluminum plate. The aluminum plate is bent to a tube and the overlap is covered with a 5 cm 
aluminum tape (Fig. 2). Similarly, to further minimize heat losses, the radiation channel can be 
lined with an aluminum-paper foil. 

The warm plate PW (Ø: 15.5 cm H: 0.5 mm, area: 0.0189 m2) is covered with a commercially 
available heating foil (Thermo TECH, polyester heating foil, self-adhesive 12 V/DC, 12 V/AC 
14 W, Ø = 174 mm, the plastic edges are cut to Ø = 15.5 cm) and heated electrically. The electrical 
power is supplied by a digital power supply (Korad KA3005D DC 30 V, 5 A) with a resolution 
of 0.01 V at a constant voltage of 4.00 V, unless otherwise specified. The heating output HW, 
which is calculated from the voltage and measured current, shows slight deviations, caused by the 
ohmic resistance of the heating foil with the temperature TW. The sensor plate PS (Ø: 30 cm H: 
0.5 mm, area: 0.052 m2) has a hole in the middle (Ø: 15.6 cm), which is occupied by the warm 
plate. 

The cooled plate is a 0.5 mm thick aluminum disc (Ø: 50 cm), which can be either blackened on 
both sides (PC) or polished on the inside (PCP). It closes the Styrofoam hollow cylinder at the 
bottom (Fig. 9a). 

 

The cold plate is cooled by a constant air flow (fan: Sunon, 120 mm Axial Panel Fan, 230 VAC, 
DP200A-2123XBT.GN, connected to 150 V = 8 W power consumption) and a heat exchanger 
(120 mm, 10 pipe, CPU cooler), so that its temperature is around 1°C below the room temperature. 
The fan and heat exchanger are located in an aluminum tube (H: 20 cm, Ø: 35 cm) that is wrapped 
with a 5 cm thick layer of polystyrene wallpaper (Fig. 9b). 

Figure 9: a) Plate PC with air cooler b) Isolation of cooling unit. 

a) b) 
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The cooling water is circulated from a cool box with compressor cooling, filled with 7 liter of 
water. To ensure a constant water temperature, the compressor is periodically switched on and 
off. In the case of the cooling experiments, the compressor runs continuously. 

The temperatures TW, TC, TT, TS, TI, TD and T1-4 are recorded with data loggers (Elitech, RC4HC 
series) at intervals of 10 minutes with a resolution of 0.1°C. An 11th data logger measures the 
room temperature TR at a distance of 1 m from the apparatus at a height of 80 cm above the floor. 

A constant room temperature is a prerequisite for the measurements and is set to 17.5 ± 0.2 °C by 
thermostating the laboratory, for which a Nanyo mobile air conditioning unit is controlled by an 
ESCO, ES-10 temperature controller. 
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Abstract  

All carbon cycle models referenced by the IPCC have a common feature: Increased carbon diox-
ide in the atmosphere originates from anthropogenic emissions. It is also generally known that 
the CO2 concentration observations show that about 44 – 46 % of yearly CO2 emissions seem to 
have accumulated in the atmosphere; the ocean and biosphere take up the rest. Therefore, this 
straightforward conclusion that the increased atmospheric CO2 is anthropogenic may seem cor-
rect, but there are profound physical problems. An unusual feature is among carbon budget 
presentations, that they do not calculate the isotopic composition of the atmospheric CO2 nor refer 
to the observed global d13C used as a measure of isotopes 13C/12C ratio from 1750 to the present 
time. The analyses of this study show that the current d13C value of -8.6 ‰ in the atmosphere 
conflicts with physical processes and applied recycling flux values meaning that the increased 
atmospheric CO2 since 1750 cannot be exclusively anthropogenic. This study’s atmospheric an-
thropogenic CO2 amount of 70 GtC is much smaller than the 279 GtC reported by the IPCC for 
2019. Also, the removal rate of anthropogenic CO2 from the atmosphere can be approximated to 
be about 64 years — the same as the radiocarbon 14C removal rate after the 1964 nuclear tests 
corresponding to the e-folding time of 11 years. The total CO2 removal rate would be about 220 
years meaning an e-folding time of 38 years.  

   
Keywords: 13C/12C ratio; d13C; carbon cycle; permille; anthropogenic carbon dioxide; atmos-
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1. Introduction 

1.1 General features of the carbon cycle 
The carbon cycle’s governing feature is the recycling fluxes, which yearly remove about 26 % of 
the atmospheric CO2 into the oceans and biosphere, Fig. 1. A fundamental issue is in which way 
the carbon cycling fluxes (CCFs) remove different CO2 molecules from the atmosphere, and what 
is the composition of recycle fluxes from the oceans and the land plans (later land or biosphere) 
acting as sinks for the anthropogenic CO2. 
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Figure 1: The carbon cycle presentation shows the recycling flux values of the IPCC (2021, Figure 5.12). 
The numerical values are reservoir amounts in gigatons of carbon (GtC); the flux values are in GtC yr-1. 

It is an outstanding feature of global carbon budget presentations like Friedlingstein et al. (2021) 
that no presentation exists about the fundamental nature of the carbon cycle by introducing the 
carbon cycle fluxes between the atmosphere and ocean and between the atmosphere and bio-
sphere: no figure and no magnitude estimates. In the latest Assessment Report 6 (AR6) of the 
IPCC (2021) there is a schematic Figure 5.12 (here Figure 1) depicting the overall presentation 
of the carbon cycle.  

Two permanent isotopes of carbon molecules exist. The most common is 12C, having 6 protons 
and 6 neutrons; however, 13C has one extra neutron. Isotope 12C is the most common, being 98.9 
% of all carbon; the rest is 13C. An exceedingly small concentration of unstable isotope 14C, which 
is radioactive, also exists. 

The measurement unit of 13C (marked as δ13C) is a fraction of carbon isotope 13C expressed as ‰, 
and it is called also permille value. This unit is linearly dependent (Srivastava et al., 2018) on the 
relationship 13C/12C: 

d13C = (S/N-1) * 1000 [‰]                                             (1) 

where S = 13C/12C being a sample and N = (13C/12C)standard = 0,0112372. The value of this standard 
comes from a sea fossil “Belemnitella Americana.”.  This original fossil sample is no longer 
available, and its value can be back-calculated from a carbonate standard NBS-19, which has 
a δ13C value of +1.95 ‰ (Brand et al., 2014). Many climate researchers have never heard about 
this measurement unit. It looks like the IPCC does not want to report on permille values since in 
the AR6 (IPCC, 2021) there is only one figure, namely Fig. 5-6 and its panel c, where there is a 
short permille trend of the atmospheric CO2. The same applies to the main referred research study 
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(Friedlingstein et al., 2020), which is the basis for the carbon cycle description in the AR6: no 
reference to the permille values. 

Anthropogenic CO2 means CO2 originating from fossil fuels and land use (NOAA, 2022a) as a 
result of human actions. Fossil fuels have the same permille value (d13C ) as plants from the Car-
boniferous era (359 – 299 million years ago); this value is -28 ‰. The permille values of anthro-
pogenic CO2 differ from the atmospheric values today (-8.6 ‰), and it can be used to test the 
fraction of anthropogenic CO2 in the atmosphere by applying carbon circulation models. 

The composition difference between the anthropogenic CO2 and the natural CO2 is minimal de-
spite large differences in d13C values. One ton of anthropogenic carbon (-28 ‰) contains 10.92 
kg of isotope 13C, and one ton of the present atmospheric carbon (d13C = -8.6 ‰) contains 11.14 
kg of 13C. The difference is 220 grams, which is only 0.022 % of  
1 GtC. The atmospheric CO2 is extremely well-mixed; therefore, CCFs leaving the atmosphere 
have essentially the same composition, on average, as the atmospheric CO2. The atmosphere is 
the mixture of natural CO2 from the ocean and plants and the fraction of anthropogenic emissions 
remaining there. 

This study aims to show that the IPCC’s carbon budget figures contradict the atmospheric 
CO2 composition measurements (d13C). Another objective is to show that annual carbon cycle 
fluxes changing about 24 - 26 % of the atmospheric CO2 do not match the IPCC’s carbon budget 
values for different CO2 fractions. The author developed a new version of the carbon cycle model,  
DAOBM-4, for calculating the atmospheric d13C by improving the fractionation calculation of 
the air-to-sea and sea-to-air interfaces. When the atmospheric permille value calculations are to-
tally missing in the AR6, a new way to estimate the atmospheric permille value is a part of the 
DAOBM-4. Fractionation between reservoirs is not known very well, but new equations have 
been developed starting from 1750 onward.  

The atmosphere was divided into three compartments according to the origin of the CO2: the 
ocean, biosphere, and anthropogenic emissions. According to the sources of recycling CO2, this 
division was applied to the anthropogenic fraction and the natural fraction of CO2. An essential 
result is that the atmospheric CO2 increase since 1750 is only partially anthropogenic. This result 
means that the decay timescales would be different for anthropogenic and total CO2 fractions if 
the CO2 emissions were ceased. Also, land-use emissions were included based on the CO2 con-
centration information. 

 
2. Analyses of carbon cycle models of the IPCC 
  
The IPCC’s global warming theory is the enhanced greenhouse effect due to increased GH gas 
concentrations and carbon dioxide being the leading cause of warming. Another troublesome fea-
ture of anthropogenic CO2 is the long adjustment time of this fraction, as reported by the IPCC 
(2021): Part of the CO2 human emitted CO2 remains in the atmosphere for centuries to millennia, 
meaning its concentration is exceedingly difficult to reduce once it has entered the atmosphere. 

Hellevang and Aagard (2015) have stated that “The total amount of excess carbon taken up by the 
two systems was estimated using an airborne fraction of 0.46, implying that a residual of 54 % of 
the anthropogenic carbon emissions each year has been taken up by the two sinks.” They used 
this assumption to calculate the atmospheric d13C. Joos et al. (2013) state that “Currently, only 
about half of the anthropogenic CO2 emission stays airborne.” In AR5 p. 467-469, the IPCC 
(2013) writes: “About half of the emissions remained in the atmosphere 240 PgC±10 PgC since 
1750.” In AR6, the IPCC (2021) used the expressions “remained” and “accumulated.” The latter 
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expression leaves the possibility that at least part of anthropogenic CO2 was recycled from the 
oceans and biosphere, which may have changed the permille value of the anthropogenic CO2. 

So, without further analysis, it looks like the CO2 increase since 1750 originates mainly from 
fossil fuels, which is caused by human actions, meaning the reason is anthropogenic. 

The IPCC (2013) introduces another piece of evidence about the real CO2 composition and its 
origins: “An independent line of evidence for the anthropogenic origin of the observed atmos-
pheric CO2 increase comes from the observed consistent decrease in atmospheric oxygen (O2) 
content and a decrease in the stable isotopic ratio of CO2 (13C/12C) in the atmosphere (Figure 
TS.5).” This conclusion can be criticized, since all fossil fuel carbon has reacted with atmospheric 
oxygen, but all fossil fuel carbon has not stayed in the atmosphere but it is divided between the 
reservoirs. This evidence refers to the isotopic ratio of 13C/12C, which shows it has been decreas-
ing. This evidence is insufficient since it is only qualitative but not quantified evidence about 
CO2

 origin. 

The IPCC, p. 50-52 (2013) shows evidence about the real CO2 composition and its origin: “The 
distribution of observed atmospheric CO2 increases with latitude clearly shows that the increases 
are driven by anthropogenic emissions that occur primarily in the industrialized countries north 
of the equator.” This fact cannot be used as univocal evidence about the origin of CO2. The 
CO2 concentration increase does not show anything about the final atmospheric isotopic compo-
sition due to continuous recycling fluxes between the reservoirs, which are about 10–12 times 
greater than yearly CO2 emissions. 

The total CO2 mass in 2020 was 880 GtC according to the observed CO2 concentration; in 1750, 
the total mass was 591 GtC (IPCC, 2021). If all the increase were anthropogenic CO2, its amount 
would be 292 GtC, meaning a fraction of  33.4 %. The rest (66.6 %) could be assumed to be 
natural CO2 with an unknown permille value. If we use the value of  -6.35‰ observed in the 
atmosphere in 1750, the atmospheric CO2 mixture of the present atmosphere would be 

        d13C = 0.334 * (-28 ‰) + 0.666 * (-6.35 ‰) = -13.6 [‰]                          (2) 
 
This calculation result shows that the result differs greatly from the observed value of -8.6 ‰. If 
Eq. (2) would give the permille value of -8.6 ‰, the permille value of the natural CO2 in the at-
mosphere should be about +1.0 ‰. Since the plants have not been a sink according to AR6, (IPCC 
2021, p. 5-22), the land has not changed the atmospheric permille value. The ocean has been the 
major sink but the fractionation from air to sea and from sea to air are close to each other. Keeling 
and Graven (2021) have concluded that atmospheric d13C  is not strongly influenced by net ex-
changes of CO2 across the air-sea interface. The permille values of NOAA (2022a) show the same: 
permille from air to sea -10.5 ‰, and from sea to air -9.5 ‰. Fig. 2 depicts the observed permille 
value as a function of the anthropogenic CO2 percentage in the atmosphere up to 2020. 
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Figure 2: The observed permille value in the atmosphere versus the anthropogenic percentage according to 
the IPCC. The relationship is linear, and it has been continued to a theoretical situation that the atmospheric 
CO2 is totally anthropogenic. 
 
The permille value of the atmosphere would be about -13‰ even though it would be totally an-
thropogenic to stay in the atmosphere. These two analyses show that the increased atmospheric 
mass from 1750 cannot be exclusively anthropogenic since the currently observed d13C is about  
-8.6‰. 

The total average CCF in the period from 2010 to 2019 from the atmosphere according to Fig. 
5.12 (IPCC, 2021) into the sinks has been 221.5 GtC, and the average CO2 mass has been 851.5 
GtC according to CO2 concentration measurements. It means that 26.0 % of the average atmos-
pheric mass has changed every year during this period. If there were no mechanism controlling 
the composition of CCF fluxes, the amount of the original atmospheric mass of 828.6 GtC in 2010 
would have decreased to 55.1 GtC in 2019. The statement of AR5 and AR6 by the IPCC (2021) 
and Friedlingstein et al. (2020) means that the anthropogenic CO2 amount of 239.6 GtC in 2010 
has remained in the atmosphere and it has increased to 285.4 GtC in 2019 due to anthropogenic 
emissions, but they do not show any real evidence in which way this would happen. This analysis 
shows that the claim that anthropogenic CO2 has remained or stayed in the atmosphere is impos-
sible. Further analysis is needed to show if it is possible that anthropogenic CO2 could be accu-
mulated – i.e. at least part of 285.4 GtC of anthropogenic CO2 could have been recycled back 
from the ocean and from the plants. 

There is a fractionation phenomenon from air to sea, sea to air, and vegetation CO2 exchange. The 
question is if this fractionation can cause the effect that about 54 - 56 % of the 12C and 13C mole-
cules of yearly anthropogenic emissions would be sequestrated from the atmosphere and the rest 
of 44 % - 46 % would stay. The 12C and 13C molecules in the atmosphere are mixed almost per-
fectly and the CCFs cannot separate 12C and 13C according to their origins or if they have been in 
the atmosphere for 10 years or just arrived. Although the 13C fraction of anthropogenic CO2 would 
differ in different reservoirs, over 99 % is the same composition, which must still be labelled 
anthropogenic if it originates from human actions despite its d13C value. The actual d13C value of 
an anthropogenic CO2 amount in the reservoirs does not change the anthropogenic origin since it 
is just a consequence of the fractionation of the carbon cycle process and it varies continuously. 
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The statement that the increased atmospheric CO2 from 1750 onward is fully anthropogenic, 
means that there was a physical identification mechanism for 12C and 13C molecules with anthro-
pogenic origin. A simple calculation can be carried out based on the numbers of Fig. 5.12 of AR6 
(IPCC, 2021). The average CCFs during the period 2010-2019 sequestrate 26 % of the atmos-
pheric CO2 into sinks, which means 57.3 GtC of anthropogenic CO2. According to Fig. 5.12, the 
same amount is 54.5 GtC. This situation is presented in Table 1 offering another perspective. 

Table 1. The average CCFs (GtC yr-1) from 2010 to 2017, according to IPPC (2021, Fig. 5.12), and the 
percentage fraction of the anthropogenic CO2 from the total oceanic or terrestrial CCF. 

CO2 quantity/flux Total CO2 Anthropogenic CO2 
 GtC / GtC yr-1 GtC % 
In the atmosphere 870 279 32.1 
From the atmosphere to the ocean 79.5 25.5 32.0 
From the atmosphere to the land 142.0 29.0 20.4 

Table 1’s figures mean the ocean-atmosphere flux would not favour the atmosphere’s anthropo-
genic fraction since it contains 32.0 % of this fraction, and in the atmosphere, its fraction is 32.1 
%. Oppositely, the gross photosynthesis flux has only 20.4 % of anthropogenic CO2. Does a phys-
ical explanation for these figures exist? The percentage of the ocean flux is close enough to the 
atmospheric composition but the percentage of the land plants figure is far too low. The plants 
prefer anthropogenic CO2 for its higher 12C isotope concentration. Also, the ocean’s surface mix-
ing layer favours anthropogenic CO2 since phytoplankton and plants in the euphotic surface layer 
prefer the 12C isotope.   

According to Fig. 5.12 of AR6 (IPCC, 2021), the average yearly anthropogenic fluxes from the 
land plants and the ocean are 25.6 GtC yr-1 and 23.0 GtC yr-1 respectively. There is no natural 
process, that can control that from a yearly emission of about 10 GtC, about 5.4 GtC will remain 
in the atmosphere, and at the same time about 48.6 GtC entering the atmosphere would leave the 
atmosphere without a single molecule remaining in the atmosphere. This is evidence that the IPCC 
has used wrong terminology and misleading wording by writing that 44 – 46 % of yearly anthro-
pogenic emissions remain in the atmosphere. Their figures and data show that there are strong 
recycling anthropogenic CO2 fluxes from the sinks, which are in direct conflict with this claim. 
The correct wording would be that anthropogenic CO2 accumulates in the atmosphere. 

The simple analyses above show that the general statement of the carbon cycle figures of the 
IPCC (2021) and Friedlingstein et al. (2020) are against physical processes appearing in the car-
bon cycle. The essential question remains open: Is the amount of atmospheric CO2 increase since 
1750 solely anthropogenic by nature anyway? Considering the huge natural recycling fluxes 
changing about 24 % of the atmospheric CO2 amount each year, it is highly unlikely that each 
year the increased amount would be only anthropogenic. This claim can be abandoned just by 
considering that the composition of natural and anthropogenic CO2 fluxes have a practically  
similar isotopic composition (99 % of isotope 12C). 

Many partitioning research studies show in which way the uptake rates of anthropogenic 
CO2 fluxes and storages are divided with the oceans and biosphere. Sabine et al. (2004) found 
that the global oceanic anthropogenic CO2 sink from 1800 to 1994 was 118±19 GtC, and Waugh 
et al.’s (2006) was 134 GtC for the same period. Khatiwala et al. (2009) valued the inventory at 
140±25 GtC. Sabine and Tanhua (2009) summarized that the most common estimate of the oce-
anic anthropogenic CO2 inventory in the mid-1990s was about 120 GtC. DeVries (2014) esti-
mated the same sink value to be 160–165 GtC in 2012.  It should be noted that the anthropogenic 
CO2 amounts are not based on direct observations but the methods always include assumptions 
and models. 
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Some research studies have used so-called isotope models, which simulate the atmospheric d13C 
values using carbon cycle fluxes like Raynar et al. (2008), Hellevang and Aagard (2015), and 
Keeling et al. (2017). These simulated d13C values are usually close to the observed atmos-
pheric d13C values, but the absolute anthropogenic amount in the atmosphere has not been re-
ported. 

There is only Figure 5.6 in the latest (IPCC, 2021), where the IPCC shows the acronym d13C — 
the trend of d13C. The IPCC does not explain this acronym nor show any calculations or explana-
tion for the trend.  One purpose of this study is to reveal why this measurement result gets no 
attention from the IPCC. 

According to AR6 (IPCC, 2021), “the ocean uptake of anthropogenic carbon is a two-step set of 
abiotic processes that involves the exchange of CO2, first across the air-sea boundary into the 
surface mixed layer, followed by its transport into the ocean interior where it is stored for decades 
to millennia, depending on the depth of storage (Gruber et al., 2019).” This adiabatic process 
means that the atmospheric CO2

 dissolves in the surface ocean according to Henry’s law, or ac-
cording to “buffer-factor”-mechanism.  

The AR6 (IPCC, 2021) does not report, in which way the anthropogenic CO2 is divided between 
the ocean mixing layer and the intermediate & deep ocean. Gruber et al. (2019) reported that 50 
% of the anthropogenic CO2 is in the layer above 400 meters depth. The total anthropogenic CO2 

in the ocean was 160 GtC in 2019 (IPCC, 2021). Since the surface mixed layer depth is 75-100 
meters, the anthropogenic CO2 in this layer can be estimated to be about (80/400)*0.5*160 GtC 
= 25 GtC. According to IPCC (2021), the annual average recycled 2008-2017 flux of anthropo-
genic CO2 was 25.5 GtC. These figures would mean that the recycling flux would return into the 
atmosphere all the anthropogenic CO2, which was absorbed by the surface mixed layer.  

Two schools of thought exist about the ocean’s capacity to dissolve the atmospheric CO2 and at 
which rate this dissolution can happen. The most common approach could be called the “buffer 
factor”-based estimation, or the buffering of the CO2 exchange from air to seawater, also known 
as the “Revelle factor” (Revelle and Suess, 1957). The Revelle factor value is about 14 in the high 
latitude waters and 10 in equatorial waters. A buffer factor 10 means a 10 % increase of partial 
CO2 pressure can increase only 1 % of the ocean’s total carbon amount. This approach has led to 
the net dissolving rate of 3.1 GtC yr-1 by Ciais et al. (1995), 2.2 GtCyr-1 by Gruber et al. 
(2009), 2.3 GtC yr-1 by Graven et al. (2012), 2.6 GtC for the period 2000–2010 by DeVries 
(2014), 2.6 ± 0.5 GtC yr-1 by Goto et al. (2017), and 3.0 GtC yr-1 by Woolf et al. (2019). The 
CO2 circulation models referred to by the IPCC apply the buffer capacity restriction. 

Some studies do not accept the ocean’s almost constant buffer capacity. The increased atmos-
pheric CO2 concentration can increase the buffer capacity by 2.5 to 6 times (Butler, 1982). Other 
minerals like borate, kaolinite, and clay minerals can increase the storage capacity of CO2 (Stumm 
and Morgan, 1970; Meier-Reiner and Hasselman, 1987); in the latter study, the researchers con-
cluded that these buffers together mean an infinite buffer capacity. 

Two aspects challenge the buffer capacity approach. Firstly, the ocean can absorb CO2 yearly at 
about 90 GtC. Before the year 1750, the dissolving and absolving rates were equal. The increased 
atmospheric CO2 concentration has caused an imbalance in these fluxes. If a real buffer mecha-
nism exists, there cannot be two different processes for CO2 absorption by the surface ocean. 
Secondly, the recycled flux from the ocean into the atmosphere can compensate for the absorption 
rate of the anthropogenic CO2 flux by bringing the net total CO2 absorption rate closer to zero as 
depicted in Fig. 1. The simulation results of the author’s model DAOBM show this fact for 2020.  

A general observation from different types of carbon cycle models is that no research paper shows 
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exact numerical values from 1750 to the present while including all three essential elements: 1) 
the carbon budget values of anthropogenic, natural, and total CO2 amounts in different reservoirs, 
2) the carbon cycle fluxes, and 3) the atmospheric d13C values. Van der Velde et al. (2012) tested 
their model for closing a 13C budget, but could not report good results. This may be a symptom 
of the underlying assumption, which can be found in all CO2 circulation models: that the increased 
atmospheric CO2 amount since 1750 is fully anthropogenic. The budget values in different reser-
voirs do not fit, or 13C does not fit. 
 

3. Analyses of bomb carbon impulse  
 

Adjustment time (marked with Ƭadj) or relaxation time is a time decay of an instantaneous pulse 
input in a system to return to zero. It is also a time needed for a system to reach a new balance 
after a stepwise change of input. Lifetime has been sometimes used to mean adjustment time. In 
many cases, a carbon cycle system has been approximated by a dynamic process model with a 
single time constant called the first-order system. Residence time is the same as the time con-
stant of the first-order system, and it is also called e-folding time. It means that after the e-fold-
ing time, the output of a step change has happened to 63.2 %, and 36.8 % (=100/e) of the 
change is still left. Because theoretically, Ƭadj would be infinitely long, in practice Ƭadj is approx-
imated by multiplying the e-folding time Ƭ by four: Ƭadj = 4 Ƭ. At this time moment, a step 
change has reached the level of 98.2 % from the final equilibrium value.  Sometimes a half life-
time has also been used, which means the time when 50 % of the change has happened which is 
mathematically defined in  a first-order linear system = 0.693 * Ƭ. Confusion about these time 
terms happens sometimes but these terms have been specified in the proper way in the Glossary 
of AR5 (IPCC, 2013). 

Radiocarbon isotope 14C from the nuclear bomb tests in the atmosphere accidentally created a 
global test for the carbon cycle system, and it can be considered the only full-scale climate test 
by humans,  Fig. 3. 

Figure 3: The observed decaying rate of 14C (blue curve) (LLNL, 2022), the simulation result of (Ollila, 
2016) (red curve) for anthropogenic CO2, and the theoretical decaying rate of 14C without recycling fluxes 
in the carbon circulation system (black dashed curve). 
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Fig. 2 depicts the observed d14C values, including a peak in 1964. Since nuclear bomb tests ceased 
in 1964, this measurement is a test of carbon circulation. The curve fitting of these observations 
gives the best fit with 16 years of e-folding time, meaning 64 years of adjustment time. If no CCFs 
in the climate system existed, the 14C would have decreased only 0.7 % by 2022 since the half-
life time of 14C is 5730 years. It is imminent that the major role in the rapidly decaying rate of 14C 
is the circulation of CO2 between the reservoirs, which removes 14C very quickly from the atmos-
phere: about 26 % annually!  

Terrestrial and oceanic plants play a crucial role in anthropogenic CO2 recycling in explaining 
fractionation between reservoirs since they discriminate 13C molecules. 14C is heavier than 13C; 
therefore, plants should discriminate 14C molecules even more than 13C molecules. Nevertheless, 
the decaying rate of 14C is surprisingly short, hinting that the anthropogenic emissions decay rate 
should be about the same. 

Revelle and Suess (1957) concluded in the 1950s that the average lifetime of a CO2 molecule in 
the atmosphere before the ocean absorbs it is about 10 years. This estimate was based on the 
analyses of cosmogenic isotope 14C lifetime, which is not identical but is related to atmospheric 
CO2 molecules according to Revelle and Suess. In the first-order dynamic system, the average 
lifetime is 0.693 * residence time, which means that the observed residence time of bomb carbon 
of 16 years corresponds to 11 years average lifetime.  The average lifetime value of 10 years by 
Suess and Revelle corresponds to 14.4 years of residence time. This value calculated from cos-
mogenic 14C data is surprisingly close to 16 years of Ƭ confirmed by the empirical nuclear bomb 
tracer test years later. 

4. DAOBM-4 improvements and results 

4.1  Fractionation between the carbon reservoirs 

The δ13C value differs in the carbon reservoirs. When carbon dioxide fluxes move from one res-
ervoir to another, the δ13C value does not remain the same as in the reservoir from where a flux 
flows. This phenomenon of partitioning isotopes between substances with different isotopic com-
positions was coined “fractionation.” 

Photosynthesis of C3 and C4 plants convert inorganic CO2 to carbohydrates in different ways; 
therefore, the δ13C of these plants differ. The permille value of plants today varies closely from  
-25.7 ‰ (NOAA, 2022a), -25.9 ‰ Battle et al. (2000), -27.2 ‰ Tans et al. (1993), and -28.1 ‰ 
(Quay et al., 2003). However, the -28 ‰ value will be used in this study. 

Many researchers have concluded that the preindustrial surface ocean δ13C was at equilibrium 
with the atmospheric δ13C, and its value was around -6.35‰ (Francey et al., 1999 ), from -6.35‰ 
to -6.45‰ (Böhm et al., 2002), or -6.35‰ (Rubino et., 2013) based on ice core samples and cor-
alline sponge samples of Caribbean shallow waters. The author used the δ13C value of -6.35 ‰ 
for surface water and atmosphere in 1750. 

The current observational research studies on the fractionation of air-to-sea and sea-to-air started 
in about 1970. All these studies have not been carried out on a global scale; however, the results 
are still close to each other. 

Inoue et al. (1987) carried out their experiments in 1982; their air to sea δ13C value was -10 ‰, 
sea to air -8 ‰, and the surface water δ13C for four years was +1.33 ‰. Marino and McElroy 
(1991) also reported -8 ‰ for the sea-to-air fractionation. Some researchers have only reported 
the difference between the δ13C of the atmosphere and the surface water. Siegenthaler and Mun-
nich (1981) found that the air-to-sea fractionation decreases the δ13C value by -1.8 to -2.3 ‰. 
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Battle et al. (2000) and Alden et al. (2010) have estimated that the same fractionation effect is -
2.0 ‰. 

The δ13C value varies for surface water CO2, according to research studies. Gruber et al. (1999) 
found that surface water d13C varies from 1.6 ‰ to 2.2 ‰, according to latitudes from the database 
of the 1980s. Schmittner et al. (2013) calculated the value of +2.3 ‰ for 1990–2005. The surface 
water’s high d13C value can be explained: Photosynthesis occurs within the euphotic surface layer 
where phytoplankton and plants live to a depth of 200 meters. The biological pump removes the 
CO2 from the surface layer to the deeper part of the ocean almost with the same magnitude fluxes 
as CO2 moves into it (Sarmiento and Gruber, 2006). Since photosynthesis also prefers the 12C 
isotope, the dissolved carbon in surface waters becomes strongly enriched in the 13C isotope. 

These studies conclude that the exact knowledge of the numerical values of air-to-sea and sea-to-
air fractionation numbers still varies among different research studies. However, general trends 
from 1750 to now, with accuracies of about ± 0.5‰, can be estimated. The author has constructed 
simple equations for calculating yearly values for air-to-sea and sea-to-air fractionation trends. 
The curves based on these equations are explained in the attachment and the permille values ac-
cording to these equations are depicted in Fig. 4. 
 

 
Figure 4: Permille trends from 1750 to 2020 for air to sea and sea to air. The observed atmospheric δ13C 
(blue curve) and anthropogenic CO2 (green curve) trends in the surface ocean water (mixed layer) have 
been presented. 

The air to sea δ13C trend (grey curve) starts from -6.35 ‰ and increases in a linear relationship to 
atmospheric δ13C to the value of -10 ‰ in 1980; thereafter, this value stays the same. In the same 
way, the sea-to- air δ13C trend (red curve) starts from -6.35 ‰ and increases in a linear relationship 
to atmospheric δ13C to the value of -8 ‰ in 1980; thereafter, this value does not change. The 
simulation runs with the author’s updated CO2 circulations model DAOBM-4, producing the 
trend of the anthropogenic CO2 amount in the surface layer (green curve). This curve’s similarity 
to the air-to-sea and sea-to-air curves is obvious from 1940 onward.  
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The author changed the linear dependencies of the δ13C curves after this observation of the an-
thropogenic amount in the mixed layer from 1940 onward. A noteworthy feature of these δ13C 
curves is that air-to-sea and sea-to-air δ13C values stopped increasing around 1980, according to 
the research studies, following the behaviour of the anthropogenic amount in the surface layer. 
The linear dependency of δ13C offers a practical presentation for these variables for the last 80 
years. 

It can be criticised that there is no ocean chemistry description of the processes transporting the 
dissolved carbon into the deep sea and finally to the ocean floor. These descriptions have not been 
included since the net dissolved total CO2 amounts never exceed the maximum limits of the 
buffer-factor approach as will be analyzed later. 
 

4.2  Simulation results by the carbon cycle model DAOBM 

The author updated his carbon cycle model; the latest version is number 4: DAOBM-4. The basic 
construction is still the same as 1DAOBM-3 (Ollila, 2020), which includes 26 equations. The 
major change is in how to calculate the atmospheric δ13C and the addition of land-use emissions. 

The CCFs dominate the CO2 composition in the atmosphere. Before 1750, the CCFs were almost 
constant, and also during the 1800s due to small fossil fuel emissions. Let us use concrete numbers 
to illustrate: the CO2 mass at 600 GtC, cycle flux from and into the ocean at 75 GtC yr-1, and the 
same from the terrestrial biosphere at 120 GtC yr-1. The atmospheric mass can be divided into 
two compartments, whose magnitudes are (75/195)* 600 = 231 GtC, and (120/195)*600 = 369 
GtC. The changes in CCFs and the formation of the third compartment of the anthropogenic CO2 

must be included. The δ13C values can be calculated for each compartment. According to common 
mixture calculations, the actual atmospheric δ13C is the mixture of these compartments. This same 
approach was applied for calculating the composition of the atmospheric anthropogenic 
CO2 amount since it also originates from the same three sources: the fossil fuel emissions remain-
ing in the atmosphere, the fluxes cycling back from the ocean, and the biosphere. All the equations 
were detailed in the Appendix, encompassing 45 equations. 

The DAOBM-4 model uses the yearly fossil fuel usage based on CDIAC’s (2022a) bookkeeping 
method. CO2 concentration measurements are from NOAA (2022b) as well as sea temperature 
from NOAA (2022c). The analysis of these two data sources reveals that before the year 1956, 
the atmospheric CO2 concentration was higher than the accumulated CO2 emissions. The differ-
ence was assumed to be caused by land-use CO2 emissions, calculated as the difference between 
the observed CO2 measurement and fossil fuel emissions. This calculation method was used until 
1956; thereafter, the biosphere turned into a net sink. This method does not separate the current 
land-use emissions since the biosphere’s absorbed CO2 amount is on a net basis.  

Some basic features of DAOBM-4 can be summarized. There are no dynamic time constants 
applied, but the model simulates the CO2 fraction changes in the reservoirs and CCFs based on 
the yearly CO2 emission and ocean temperature changes. DAOBM-4 keeps the anthropogenic and 
natural CO2 fluxes and reservoir quantities separate all the time. The CCFs remove anthropogenic 
and natural CO2 quantities from the atmosphere, the surface ocean and the plants exactly in the 
same relationship as they are momentarily in these reservoirs – no discriminations. The permille 
calculations have been carried out based on the actual CO2 concentrations in the atmosphere and 
considering the fractionation as described above. The magnitudes of CCFs depend linearly on the 
total CO2 amounts in the reservoirs and therefore they increase from 1750 up to date. Henry’s law 
has been applied in the dissolution of atmospheric CO2 into the ocean considering the ocean’s 
temperature. The details have been described in the Appendix. The simulation results are depicted 
in Fig. 5. 
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Figure 5: The simulation results by DAOBM-4 from 1750 to 2020. 

 
The carbon budget values starting from 1750 can be calculated using the DAOBM-4 model; the 
essential values are collected in Fig. 6.  

 
Figure 6: The carbon budget from 1750 to 2020. 

 
Some key figures of the carbon budget should be noticed. The anthropogenic CO2 emissions are 
the fossil fuel and land-use emissions, totalling 494 GtC, which is the sum of fossil emissions of 
462 GtC and 32 GtC of land use. The total emissions are divided between reservoirs in 2020: 
biosphere 172 GtC, atmosphere 70 GtC, and the oceans 252 GtC. The small amount of 72 GtC of 
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the total CO2 absorbed by the ocean, can be explained by the great amount of 180 GtC of natural 
CO2 moving into the atmosphere, and at the same time 252 GtC of anthropogenic CO2 absorbed 
by the sea. The atmospheric anthropogenic CO2 amount is only 70 GtC,  which is 8 % of the total 
atmospheric CO2 mass originating from the direct fossil fuel emissions at 39 GtC, recycled from 
the biosphere at 27 GtC, and recycled from the ocean at 4 GtC in 2020. The basic reason for this 
is the continuous recycling of CO2 fluxes between reservoirs, which removes and add anthropo-
genic CO2 into the atmosphere even without increasing sink values. The plants start releasing 
anthropogenic CO2 according to different delay times, as the Appendix equation (23) describes. 
Another important feature is that the major fraction of the increased atmospheric CO2 increase is 
natural CO2 originating from the oceans at 180 GtC and the biosphere at 35 GtC, totalling 215 
GtC. 
 
  

 
Figure 7: The observed δ13C values of Mauna Loa are from CDIAC (2022b), and the reference δ13C values 
are from Francey et al. (1999) and Rubino et al. 2013). The calculated δ13C values and the anthropogenic 
CO2 in the atmosphere are calculated by the model DAOBM-4. 
 

The calculated and observed δ13C values are depicted in Fig. 7. As references, the δ13C values of 
Francey et al. (1999) and Rubino et al. (2013) are also shown. The model-calculated δ13C values 
deviate from the reference values around 1950, possibly because of missing land-use emissions. 
It looks like there was a discontinuation point around 1950.  Fig. 5.5 (b) of the AR6 (IPCC, 2021) 
depicts six different trends of land-use CO2 emissions from 1850 to 2019. They all show the same 
general pattern of increasing emissions from about 0.5 GtC yr-1 to about 1.7 GtC yr-1 in 1960, 
thereafter a descent to about 1.3 GtC yr-1

 in 1990 and thereafter a slightly increasing trend. There 
is a discontinuation point like in δ13C trends of Fig. 7. A significant spread can be noticed among 
these trends from 1940 to 1960 from 0.7 GtC yr-1 to 2.7 GtC yr-1. This uncertainty is a probable 
reason for the spread of calculated δ13C trends during this period as shown in Fig. 7. 
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It can be estimated that after 1850, the model-calculated δ13C values very accurately follow the 
atmospheric anthropogenic CO2 growth rate considering the opposite changes of these curves: 
These curves are like mirror images. Since the δ13C value -28 ‰ of anthropogenic emissions 
dramatically differs from the ocean’s recycling flux, it dominates the atmosphere’s δ13C value. 
Fig. 8 depicts the simulation results of DAOBM-4 for the anthropogenic CO2 and total CO2 in the 
atmosphere when the fossil fuel emissions drop to zero after 2020.  

 
Figure 8: Decay rates of anthropogenic CO2 and total CO2 when fossil fuel emissions drop to zero after 
2020. 
 
The total CO2 decay rate follows perfectly a simple dynamic model with a single time constant 
(residence time) of 55 years. The adjustment (relaxation) time is 220 years. The decay rate of 
anthropogenic CO2 does not perfectly follow a dynamic model with a 16-year residence time, but 
it is a relatively good approximation. The decay curve of anthropogenic CO2 starts to slightly 
increase just before 2100 since land plants recycle back this fraction into the atmosphere. We will 
see in the coming 10 - 30 years if the 14C concentration starts to slightly increase due to this effect. 
It should be noticed that finally, about 5 % of land-sequestrated CO2 remains in the land sink. 
 
O’Neill et al. (1994) analyzed why there are so many different timescales and results for anthro-
pogenic CO2 decay times. They concluded that the empirical turnover time of 30-60 years should 
be explained. Anyway, they calculated that if emissions would cease in 1990, the adjustment time 
would be 175 years for anthropogenic CO2. Berry (2021) concluded that the anthropogenic CO2 
amount in 2020 was 70 GtC and it would fall to 21 GtC in 2100 meaning a longer adjustment 
time than a bomb carbon test. Some researchers like Lashof and Ahusja (1990) have concluded 
that the adjustment time for the total CO2 excess removal from the atmosphere is different from 
the anthropogenic removal rate, and it would take 230 years which is close to the value of 220 
years of this study. 
 
5. Validation 

Some key figures of the DAOBM-4 simulation can be used as validation evidence. The observed 
CO2 concentration values were not used in the model calculations except for estimating the net 
land-use emissions. The medium absolute error of the model-calculated CO2 concentration for 
1750–2020 is 1.6 ppm; with the same accuracy, the model calculates the total atmospheric CO2 
mass increase: The difference in 2020 is 2 GtC. 

Most carbon cycle models apply the buffer-factor restriction, keeping the yearly ocean absorption 
rate at a maximum of 2.3–3.0 GtC yr-1. According to Table 5.1 (IPCC, 2021) the average 
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absorption rate into the ocean is 2.5 ± 0.6 GtC yr-1 2010-2019. The buffer-factor restriction was 
unapplied in the DAOBM-4 model. However, the maximum net annual absorption rate is 2.2 GtC  
yr-1 in 2020 since the anthropogenic absorption rate is 5.8 GtC yr-1, while the oceans release nat-
ural CO2 of 3.6 GtC yr-1 into the atmosphere. A noteworthy property of the DAOBM-4 model is 
that it does not violate the buffer-factor restriction even though it has not been applied in calcula-
tions. On the other hand, a fundamental feature of the DAOBM-4 model is that the carbon cycle 
fluxes between the atmosphere and ocean vary from 75 to 86 GtC yr-1.   
 
According to the ocean research surveys, the anthropogenic CO2 amount in the oceans was about 
118–165 GtC in 1994, as referred to in the earlier section. The DAOBM-4 model calculates the 
same amount to be 144 GtC. Khatiwala et al. (2013) have estimated that the best estimate for the 
year 2010 is 155 GtC. The result of DAOBM-4 is 201 GtC. As noticed before, the anthropogenic 
CO2 amounts in the oceans have high uncertainties. 
 
The strong fluctuations in the net yearly anthropogenic CO2 fluxes into the atmosphere, are de-
picted in Fig. 9.  

  

Figure 9: The correlation of yearly atmospheric CO2 changes (NOAA, 2022b) to the temperature changes 
of the southern oceans (NOAA, 2022c). 

The yearly CO2 fluctuations relate to the southern oceans’ temperature changes since these warm 
ocean areas absolve CO2, and the high-latitude ocean areas (mainly NH) dissolve CO2. There is 
an anomaly from 1991 to 1995 during the Mt. Pinatubo eruption. Different explanations were 
proposed, but the real reason is that during the eruption, the plants could photosynthesize more 
effectively in the diffuse sunlight from various directions (NASA, 2001); therefore, there is an 
anomaly downwards in the CO2

 concentration. The model-calculated CO2 concentration trend 
follows the observed CO2 ppm values. 

The DAOBM-4 model’s most prominent feature is its capability to calculate all essential elements 
of the carbon cycle: yearly budget values, different isotopic CO2 flux values, yearly CO2 concen-
tration values, and yearly δ13C values. Keeling et al. (2017) summarized one of the major prob-
lems of carbon cycle models: “A further difficulty is that the global d13C budget does not balance 
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convincingly.” This problem was also called the “missing” carbon problem” (Siegenthaler and 
Sarmiento (1993); Field, 2001). DAOBM-4 does not have this problem. 

The missing carbon problem can be partly explained by the Earth’s strong greening, which is not 
included in its full magnitude in the carbon cycle models. Bastin et al. (2017) estimated that the 
biosphere sink value increased to 158.3 GtC by 2017. The DAOBM-4’s calculated sink value is 
137 GtC. 

The earlier simulation results using the 1DAOBM-3 version showed that the residence time of 
the anthropogenic CO2 is about 16 years — the same as the radiocarbon from the nuclear tests. 
Physically, radiocarbon’s decay rate is a perfect tracer test for anthropogenic CO2 since its con-
centration has been also very low in the atmosphere, and it started to increase notably after 1950. 
It also means that the anthropogenic CO2 recirculation fluxes from the sea and plants started from 
a very low level in comparison to natural CO2. 

6. Conclusions and discussion 

The conclusion about the IPCC’s carbon budget is that its numerical values conflict with the 
physical facts. It is physically impossible that the increased CO2 amount after 1750, which is at 
292 GtC in 2020, is solely anthropogenic by nature. The carbon flux cycles remove annually 
about 26 % of the atmospheric CO2, and the same applies to the anthropogenic fraction. Carbon 
fluxes cycle back annually into the atmosphere with almost the same total amount of CO2; the 
difference is the yearly sequestration rate. The return fluxes from the sinks have lower anthropo-
genic amounts than the entering fluxes and this feature dilutes the anthropogenic CO2 from the 
atmosphere.  The common idea that about 44 - 46 %  of annual anthropogenic emissions will stay 
in the atmosphere since the growth rate of total atmospheric CO2 amount indicates this figure, 
does not consider the complicated nature of recycling fluxes of the carbon cycle. It is impossible 
for natural processes to control the atmospheric CO2 increase to be exactly only anthropogenic by 
nature. 

Fractionation has an insignificant role in calculating the anthropogenic CO2 amount in the atmos-
phere. If the increased CO2 amount of 292 GtC from 1750 to 2020 would be anthropogenic 
(permille -28 ‰), its 13C amount would be 3.19 GtC and if it would be the average composition 
of today (permille -8.6 ‰), its 13C amount would be 3.25 GtC.  

The carbon cycle fluxes remove all CO2 isotopic amounts according to their fractions in the at-
mosphere. Although the fractionation happens during the absorption and photosynthesis, over 99 
% is the isotope 12C, and fractionation processes cannot control if a 12C molecule originates from 
natural CO2 or anthropogenic CO2 emissions. The DAOBM-4 model treats all the isotopic frac-
tions equally in carbon cycle fluxes except for a very small amount of 13C molecules. This is 
justified, based on the empirical observation that the adjustment time of radiocarbon is only 64 
years even though 14C is the least wanted isotope in the sinks.  Fractionation calculations consider 
how δ13C changes in the carbon cycle fluxes pass the interfaces of air to sea, sea to air, and pho-
tosynthesis and respiration of terrestrial plants. Using this physical principle, the anthropogenic 
CO2 in the atmosphere is only 70 GtC in 2020; its adjustment time of 64 years is about the same 
as the radiocarbon’s adjustment time. 

According to greening studies of the Earth, the major results of DAOBM-4 can be validated 
against the observed values like CO2 concentration, δ13C values, the ocean-absorbed anthropo-
genic CO2 amount, and the biosphere sink.  
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The results of DAOBM have been reviewed many times since this article is not the first publica-
tion of the model. Some general observations can be noticed. A concern has been raised that this 
kind of carbon cycle model makes bold claims about the amount of atmospheric anthropogenic 
CO2, and therefore the cause of the recent CO2 rise and further global warming is different from 
the presentation of the IPCC. 

This paper has questioned the IPCC-calculated composition of the atmospheric CO2 from 1750 
up to date, but it keeps the total atmospheric CO2 amount as the observed-based fact. It has not 
been in the scope of this study to consider a theoretical case, what would be the total amount and 
composition of atmospheric CO2 if there were no anthropogenic emissions. 

Natural emissions could also increase the amount of atmospheric CO2, and DAOBM considers 
the warming impact on the sequestration rate of the oceans. Anyway, this effect is not significant 
in the long run but it explains very well yearly CO2 variations in the atmosphere, see Fig. 7. 

Another simple fact is that the CO2 composition, anthropogenic or natural, has no impact on the 
warming impact of CO2. The third fact is that the amount of anthropogenic CO2 does not affect 
global warming since the total amount of atmospheric CO2 defines the warming impact of CO2. 
Therefore, it is unprofessional to claim that the idea of this carbon cycle model is to question 
anthropogenic global warming. They are two different issues. Coupling these things together 
raises questions about the integrity of reviewers if they have to defend the IPCC’s approach with 
this kind of review comments. There is a direct connection to scenarios of global warming since 
the future atmospheric CO2 levels are based on the carbon cycle models. Also, in scenarios, the 
total atmospheric CO2 amount defines the warming impact of CO2 – not the anthropogenic CO2 
amount. 

An observation can be drawn that in many cases reviewers have not commented on the discrep-
ancies and violations of physical laws in the IPCC’s carbon cycle models like those presented in 
Table 1. A conclusion will be that there is no explanation. Eq. (2) has been generally doomed to 
be wrong. Something is indeed wrong since it gives a wrong atmospheric δ13C value but no phys-
ical explanation or a reference has been given of what is wrong according to simple physical facts. 
Since this study challenges the IPCC’s carbon cycle, the results of this paper can be used as an 
explanation for differences. 
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Appendix.  
 
The calculation bases and changes in DAOBM-4. 
 
Table A-1. The calculation bases for variables and coefficients of the DAOBM-4. The changes of version 
DAOBM-4 are written in italic font. The amounts are in GtC and fluxes are in GtC yr-1. The present-day 
values are updated for the year 2020. Acronyms: n means an individual year, tot means total, nat means 
natural, ant means anthropogenic, ff means fossil fuel, and lu means land use. 
 

Variable  Variable name Calculation formula 
FOtot,dn Total dissolution carbon pump flux from the 

atmosphere into the ocean 
75.0 + Kdn*(CIA - CIA1750); Kdn = 0.0378; 
CIA is the total atmospheric carbon            (1) 

FLUSHAO-% Flush-% of the dissolution pump from the at-
mosphere into the ocean 

100 * FOtot,dn / CIA                                         (2) 

FOant,dn Anthropogenic dissolution carbon pump flux 
from the atmosphere into the ocean 

FLUSHAO-% * CIAant,n-1 / 100                     (3) 

FOnat,dn Natural dissolution carbon pump flux from the 
atmosphere into the ocean 

FOtot,dn – FOant,dn                                           (4) 

FOtot,up Total dissolution carbon pump flux from the 
ocean into the atmosphere 

75.0 + Kup* (CSOtot - CSO1750); Kup=0.333    
                                                                      (5) 

FLUSHOA-% Flush-% of the dissolution pump from the 
ocean into the atmosphere 

100 * FOtot,up / CSOtot,n                                 (6) 

FOant,up Anthropogenic dissolution carbon pump flux 
from the ocean into the atmosphere 

FLUSHOA-% *CSOant,n-1 / 100                      (7) 

FOnat,up Natural dissolution carbon pump flux from the 
ocean into the atmosphere 

FOtot,up – FOant,up                                           (8) 

ΔCIAnat Natural net CO2 flux change from the ocean 
into the atmosphere 

FOnat,up - FOnat,dn                                            (9) 

CSOtot Dissolved organic carbon in the ocean in the 
range of 280 ppm – 430 ppm 

2.2 - 5.5774*10-3*T - 8.631*10-5*T2 + 6* 
10-4* (C-350); T is ocean temperature (⁰C), C is 
CO2,tot concentration in CSO                       (10) 

CSOtot Dissolved organic carbon in the ocean in the 
range of 430 ppm – 600 ppm 

2.255 – 5.114*10-3*T – 6.84*10-5*T2 + 3*10-4 * 
(C-500); T is ocean temperature (⁰C), C is 
CO2,tot concentration in CSO                                  
(11) 

FNant,deep Anthropogenic net CO2 flux from the surface 
ocean into the intermediate & deep ocean 

Kant * (CSOtot,n – CSOtot,1750) * (CSOant,n-1 / 
CSOtot,n); Kant = 19.0                                     (12) 

ΔCSOtot Total CO2 change in the surface ocean CSOtot – CSOtot,1750                                       (13) 
ΔCSOant Anthropogenic CO2 change in the surface 

ocean 
FOant,down – FOant,up - FNant,deep                       (14) 

ΔCSOnat Natural CO2 change in the surface ocean ΔCSOtot - ΔCSOant                                         (15) 
FNant,ocean Anthropogenic CO2 flux into the ocean FNant,deep + ΔCSOant                                       (16) 
FNnat,deep Net natural CO2 flux from the deep ocean FOnat,atm - ΔCSOnat                                         (17) 
FNtot,deep Total net CO2 flux into the deep ocean FNant,deep + FNnat,deep                                       (18) 
ΔCDOant Anthrop. CO2 change in the deep ocean Fdeep,n – Fdeep,n-1                                               

(19) 
FBtot,dn Total biosphere carbon cycle flux from the at-

mosphere into the biosphere 
120 + KBdn* (CIA - CIA1750); KBdn=0.0426   
                                                                     (20)                                                         

FBtot,up Total biosphere carbon cycle flux from the bi-
osphere into the atmosphere  

120 + KBup* (ΔCIBant - ΔCIBant,1750); 
KBup=0.03246                                               (21) 

FBant,dn Anthropogenic carbon cycle flux from the at-
mosphere into the biosphere 

 (FBtot,dn/CIA)* ΔCIAant - Flu                         (22) 

FBant,up Anthropogenic carbon cycle flux from the bio-
sphere into the atmosphere 

0.5*FBant,dn,n + 0.1*FBant,dn,n-7 + 0.1*FBant,dn, n-20 
+ 0.15 * FBant,dn,,n-70 + 0.05*FBant,db, n-250        (23)                     

FLUSH-% Total-% of the carbon cycle from the atmos-
phere into the ocean and the biosphere 

100 * (FOtot,dn + FBtot,dn) / CIA                      (24) 

ΔCIBant Anthropogenic CO2 change in the biosphere FBant,down – FBant,up                                        (25) 
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from 1750 onward 
ΔFff Anthropogenic CO2 emission flux from fossil 

fuel combustion 
Based on the booking-keeping data 

ΔFlu Anthropogenic CO2 emission flux from land-
use changes 

ΔCIAobs  - ΔCIAff  from 1750 to 1956  
                                                                      (26) 

ΔCIAant Anthropogenic CO2 change in the atmosphere 
from 1750 onward 

ΔFff + ΔFlu – ΔCSOant - ΔCDOant - ΔCIBant  ( 27) 

ΔCIAtot Total calculated CO2 change in the atmosphere 
from 1750 onward 

ΔCIAnat +  ΔCIAant                                        (28) 

CIAtot Total atmospheric CO2  CIA1750 + ΔCIAtot                                                                (29) 
ΔCIAobs Observed total CO2 change in the atmosphere 2.1313 * CO2 (ppm)                                      (30) 
CIAO Total atmospheric CO2 originating from the 

ocean 
((FOtot,up/(FOtot,up +FBtot,up - ΔCIBant))* 
(ΔCIAobs + ΔCIA1750 – ΔCIAant)                     (31) 

CIAB Total atmospheric CO2 originating from the 
biosphere 

(FBtot,up – ΔCIBant)/(FBtot,up - FOtot,up + ΔCIBant )) 
*( CIAobs + ΔCIA1750 – ΔCIAant)                    (32) 

CIAE Total anthropogenic CO2 in the atmosphere  CAE + CAO +CAB                                           (33) 
CAE The amount of anthropogenic CO2 in the at-

mosphere originating from emissions 
CAE,n-1 + FFff + FFlu – (FLUSH-%)*CAE,n-1 /100 
                                                                       (34) 

CAO The amount of anthropogenic CO2 in the at-
mosphere originating from the ocean 

CAO,n-1 + FOant,up - (FLUSH-%)*CAO,n-1 /100 
                                                                      (35) 

CAB The amount of anthropogenic CO2 in the at-
mosphere origin. from the biosphere 

CAB,n-1 + FBant,up - (FLUSH-%)*CBB,n-1 /100 
                                                                      (36) 

pas Permille fractionation air to sea 1750 – 1944: 15.05 + 3.3704 * Pn-1              (37)                       
1944 - 2020: -5.34351-0.534 * ΔCSOant      (38) 

psa Permille fractionation sea to air 1750 – 1944: 2.24 + 1.3525 * Pn-1                (39)                                  
1944 - 2020: -5.80256-0.252 * ΔCSOant         (40) 

pA,n Permille value of the anthropogenic amount in 
the atmosphere in the year n 

(CAE * (-28) + CAB * (-28) + CAO* (-28 – Pas + 
Psa)) / CIAE                                                        (41) 

PO,n Permille portion of the CIAO in the year n (CIAO *Pn-1 - pas * FOtot,dn + psa * FOtot,up) / 
CIA                                                                                 (42) 

PB,n Permille portion of the CIAB in the year n ((-6.35) * CIAB + (-28.0 – pn-1) * (FBant,up – 
FBant,dn))/ CIA                                               (43) 

PA,n Permille portion of the anthropogenic CO2 
amount CIAE in the year n 

pA,n *CIAE /CIA                                             (44)                 

Pn Permille value of the atmospheric CO2 mixture 
in the year n 

PO,n + PB,n + PA,n                                           (45) 

 
Total carbon pump flux FOtot,dn from the atmosphere into the ocean depends linearly on the dif-
ference of the atmospheric CO2 amount minus the same in 1750 per eq. (1).  
 
Therefore, FOtot,dn increases  from  75.0 GtCyr-1 in 1750 to 85.6 GtCyr-1 in 2020. Total dissolu-
tion carbon pump flux FOtot,up from the ocean into the atmosphere depends linearly on the sur-
face ocean’s total CO2 concentration minus the same in 1750 per eq. (5). Therefore, FOtot,up in-
creased from 75.0 GtCyr-1 in 1750 to 83.5 GtCyr-1 in 2020. The linear dependencies of eq. (1) 
and eq. (5) means both fluxes increase as the total atmospheric CO2 increases. Both fluxes di-
minish into the 1750 value if the actual CO2 concentration values in the atmosphere or the sur-
face ocean approach the values of 1750. 

The coefficient Kant is 19.0 in eq. (12) and is calibrated, so the amount of atmospheric anthropo-
genic CO2 gave permille values of -8.60 for δ13C in 2020. The coefficient KBdn in eq. (20) was 
calibrated, so the net natural CO2 flux from the biosphere is 32 GtC in 2020—the same as the net 
land-use flux ΔFlu. Therefore, FBtot,dn increases from 120 GtCyr-1 in 1750 to 132.0 GtCyr-1 in 
2020. The coefficient KBup was calibrated, so the anthropogenic absorption ΔCIBant is 169 GtC 
closing the anthropogenic CO2 budget in reservoirs. Therefore, FBtot,up increases from 120 GtCyr-

1 in 1750 to 129.1 GtCyr-1 in 2020. Coefficients Kdn and Kup were calibrated, so the natural 
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cumulative CO2 flux from the ocean is 180 GtC from 1750 to 2019, closing the total CO2 amount 
in the atmosphere in 2020. 

The impacts of respiration and photosynthesis rates on the biosphere’s mass CO2 changes were 
analyzed in the Appendix (Ollila, 2020). The atmospheric CO2 mass can be divided into three 
portions—from the ocean CIAO, biosphere CIAB, and anthropogenic CO2 emissions CIAE—
which relate to the corresponding flux values according to eq. (31), (32), and (33) based on the 
incoming and outgoing flux values. 

The anthropogenic CO2 amount is the sum of three origins: the anthropogenic emissions CAE, 
ocean CAO, and biosphere CAB. CAE, CAO, and CAB can also be calculated from the incoming and 
outgoing anthropogenic fluxes according to equations (34), (35), and (36). 

The fractionation across the air-sea Pas is linear from 1750 to 1944 according to eq. (37): -6.35‰ 
in 1750 and -7.71‰ in 1944. From 1944 onward, the Pas depends linearly on the anthropogenic 
CO2 in the surface ocean according to eq. (38). The fractionation across the sea-air Psa is linear 
from 1750 to 1944 according to eq. (39): -6.35‰ in 1750 and -6.89‰ in 1944. From 1944 onward, 
the Pas depends linearly on the anthropogenic CO2 in the surface ocean according to eq. (40).  

The permille value pA,n of the atmospheric anthropogenic CO2 combines the permille values of 
anthropogenic emissions (-28‰), the permille value (-28‰) of the biosphere CO2 portion, and 
the permille value of the anthropogenic CO2 cycled back from the ocean. The permille value of 
this latter portion is -28‰, corrected by the difference between the fractionation air-sea and sea-
air as formulated by eq. (41). 

The yearly permille portion PO,n of the atmospheric mass CIAO originating from the ocean is cal-
culated according to eq. (42): multiplying the mass value by the earlier year’s permille value of 
the total atmospheric mass and adding the yearly permille change of this mass—the difference 
between the recycled total CO2 flux into the ocean and the ocean applying the air-sea and sea-air 
permille values. 

The yearly permille change PB,n of the CIAB mass originating from the biosphere is based on two 
terms according to eq. (43). The first is the cumulative increase of the anthropogenic biospheric 
mass in the atmosphere multiplied by the permille value of -6.35‰. Since the atmospheric 
permille value has been changing from 1750 onward, this change is calculated by multiplying the 
difference of recycling fluxes FBant,up, and FBant,dn, and the fractionation across the air to the bio-
sphere is (-26 + p,n-1). 

The yearly permille change of anthropogenic mass PA,n is calculated according to eq. (44) by 
multiplying the mass CIAE by the permille value pA,n. The yearly permille value Pn of the total 
atmospheric CO2 is the sum of the three mass portions of PO,n, PB,n, and PA,n according to eq. (45). 
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Abstract  

This essay examines how in the twentieth century established scientists blocked the development 
of scientific work about the theory of continental drift.  There are many similarities between this 
blocking behaviour and the manner in which the IPCC and the scientists who believe the IPCC, 
block scientific work that is not consistent with the IPCC doctrine.   

Until the mid-1960s, most geologists believed that the surface structure of planet Earth had been 
fixed for many hundreds of millions of years.  This outlook is also known as ‘fixism’.  The leading 
scientists of the period had pronounced this to be true; it was set out as a scientific truth in many 
standard geology textbooks of that period.   

The theory of continental drift (‘mobilism’) held that the dominant theory was false and that the 
land masses had been drifting for hundreds of millions of years, were still drifting and would 
continue to drift.  They would collide and split apart resulting in earthquakes and volcanoes.   

The established scientists opposed this with a distinctly unscientific vehemence.   

Reasons advanced for the extraordinary unscientific behaviour of hundreds of scientists, include 
tunnel-vision, groupthink, herd-like behaviour, persistent bullying by senior scientists, personal 
jealousies, empire building, loyalty to colleagues and institutions, arrogance, vicious pettiness 
ignorance, lack of moral courage, a visceral reluctance of some very senior scientists to 
acknowledge they were wrong.   

There were cover-ups, including keeping the main geology textbooks free of evidence indicating 
fixism to be false.   

The extraordinary antiscientific vehemence shown by hundreds of established scientists is char-
acteristic of proponents of the IPCC doctrine.   

In relation to the theory of continental drift, inevitably scientific breakthroughs – plate tectonics 
- outside of the scientific outlook of the established scientists, demonstrated that the theories of 
the established scientists were false.  This suggests a pathway out of the IPCC debacle.   
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1. Introduction  
The four volumes of The Continental Drift Controversy, over 3,300 pages, are the life’s work of 
Professor Henry Frankel (1944 – 2019) (Frankel 2012).  It is the culmination of a distinguished 
forty-year research.  Professor Frankel received his PhD from Ohio State University in 1974.  He 
was appointed to a teaching position in the Philosophy Department at the University of Missouri, 
Kansas City (UMKC) shortly after.  In 1999, he was appointed Professor of Philosophy and Chair 
of the Philosophy Department.  At the time he retired in 2014, he was professor emeritus in the 
Department of Philosophy at UMKC.   

He researched the combination of geology, physics, history, and philosophy in relation to the 
scientific controversy over continental drift and its evolution into plate tectonics.  His interest in 
the continental drift controversy and the plate tectonics revolution began while teaching a course 
on conceptual issues in science during the late 1970s.  The controversy provided him with an 
example of a recent and major scientific revolution to test philosophical accounts of scientific 
growth and change.   

In 2014, Professor Frankel received the Mary Rabbitt History of Geology Award, which the Ge-
ological Society of America's History and Philosophy of Geology Division presents annually to 
an individual for exceptional scholarly contributions of fundamental importance to our under-
standing of the history of the geological sciences.  In 2013, the Geological Society of London, the 
oldest and most prestigious geological society in the world, recognized his contributions to the 
history and philosophy of the Earth sciences by awarding him the Sue Tyler Friedman Medal, a 
medal awarded for distinguished contributions to History of Geoscience.  In 2015, the UMKC 
awarded him the Thomas Jefferson Award.  The award recognizes faculty who rise above excel-
lence and demonstrate clear distinction in teaching, research, writing, creative activities and ser-
vice to the University of Missouri and humankind.   

In 2009, 2011, 2014, Dr Allan Krill, a retired professor of geology at the Norwegian University 
of Science and Technology (NTNU), published a thoroughly researched, desktop published book, 
Not Getting the Drift - A Hard Look at the Early History of Plate-Tectonic Ideas (which he has 
also named, Fixists vs. Mobilists) (Krill 2009, 2011, 2014).  In his 2014 edition, Professor Krill 
states 

Having just passed the 100-year anniversary of Wegenerʼs first paper, it is time to con-
front the main reason why the anniversary was not celebrated: the long denial of conti-
nental drift is an embarrassment to earth scientists. We donʼt even know some of the 
important parts of this history. Maybe we have not wanted to know. The purpose of this 
book is to draw attention to these parts, not to embarrass us further, but to encourage 
healthy scientific debate. The history of the continental drift hypothesis reminds us that 
scientific consensus can be wrong. Even the best scientists can err. Unorthodox hypoth-
eses should be encouraged and treated fairly. To be against a scientific consensus is not 
the same as being against science.   

His book consists of a detailed compilation of historical data - the works of leading geology text-
book authors.  In his 2011 edition, Professor Krill states the following about these authors:  

These authors are especially important, because their textbooks teach students the prin-
ciples of the science. The theory of continental drift involved a new scientific paradigm, 
of mobile, not fixed, continents. The textbooks used in introductory geology courses de-
fined the fixist paradigm and influenced the likelihood of a paradigm shift. I have thus 
paid extra attention to what the main English-language textbook authors wrote and tried 
to understand in depth how these highly respected scientists thought. I know from long 
experience that scientists think just the way other people do.   

In the same edition, he comments:   

I began this project with the feeling that the rejection of continental drift was a scandal 
for geology and for science. Scientists should not reject a correct interpretation for so 
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long. In more familiar scandals, such as recent ones in finance, politics, sports, and reli-
gion, one naturally looks for cover-ups. If there were cover-ups here, what was being 
hidden and who was being protected? I collected all the important historical literature, 
and I found what I was looking for.   

2. The continental drift controversy   
The Continental Drift Controversy is based upon critical analysis of the entire primary literature 
and Professor Frankel's 35 years of active correspondence with the leading figures during the 
revolution's climactic final quarter.  Professor Frankel drew on his extensive oral historical work 
with the key players in the development of plate tectonics.  Because of that, his account can never 
be repeated in terms of its proximity to the events narrated, so many of those key players now 
being deceased.  The four volumes are the definitive work on continental drift and plate tectonics 
in the field of Earth science.  The books won awards including the journal Choice’s designation 
as an outstanding academic title, the Friedman award of the Geological Society of London, and 
the Geoscience Information Society’s 2013 Best Reference Book Award for his first volume.   

 
2.1 The Continental Drift Controversy Volume 1, Wegener and the Early Debate   
In this Chapter, Professor Frankel introduces the reader to the work of Frank Taylor and Alfred 
Wegener.  In 1905 Alfred Wegener (1880 -1930) obtained a doctorate in astronomy at Friedrich 
Wilhelms University (today Humboldt University), Berlin.1  Wegener's thesis, “The Alfonsine 
Tables for the use by a modern computer”2 involved conversion of a thirteenth-century set of 
astronomical tables in sexagesimal numbers into decimal numbers (see Appendix A); thereafter 
he abandoned astronomy in favour of meteorology.  Alfred Wegener first presented his hypothesis 
of continental drift in a public lecture in Frankfurt in 1912.  After this, he published two short 
papers in German, and then in 1915 his first book on the subject.  He revised this in 1920, 1922 
and 1929.  The third edition, published in 1922, was translated into several languages, including 
English, having the title The origin of continents and oceans. (Wegener 1922).  Wegener postu-
lated that the present-day landmasses had been one huge supercontinent, which he called Pangaea, 
in the Mesozoic era (252-66 million years ago).   

Professor Frankel presents a detailed analysis of Wegener’s account, pointing out that it had many 
flaws as well as some strengths.  A significant shortcoming was Wegner’s inability to give a 
plausible explanation of any process that would enable the landmasses to drift apart.  Professor 
Frankel explained that Geology at that time was a significantly underdeveloped science, awaiting 
the discovery of considerable evidence about the formation, structure, and development of the 
planet.  Nevertheless, he details the dogmatism and outright hostility of those opposed to We-
gener’s principal hypothesis of continental drift.  A dogmatism and hostility that had no scientific 
basis being essentially irrational.  Professor Frankel provides extensive detail about those who 
supported continental drift and who published many papers providing new evidence in support of 
continental drift and against the prevailing orthodoxy.  After Wegener’s death, several scientists 
kept his drift theory simmering on the back burners of the science kitchen, including Professor 
Alexander du Toit, (For. Mem. RS) (1878 – 1948), Professor Arthur Holmes (FRS) (1890 – 1965), 
Professor Reginald Daly (1871 – 1957), and three distinguished Swiss geologists, Professor Émile 
Argand (1879 – 1940), Professor Eugéne Wegmann, (1896-1982), and Professor Rudolf Staub 
(1890 – 1961). 

The prevailing orthodoxy was that the surface structure of the planet was fixed and that the planet 

 
1 Frankel incorrectly reports the date on which the Friedrich Wilhelms University awarded Dr Wegener 

his PhD as November 1904.  It was March 1905 – see Appendix A. 
2 Note that in 1904 the word “computer” referred to a person whose job was mostly doing calculations. 
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had been slowly contracting for hundreds of millions of years.  The oceans resulted from land-
masses sinking because they contained heavier elements than the landmasses above the water.  
Furthermore, because the Earth contracted, the mountains resulted from the crumpling up of land-
masses as the Earth contracted.  The mountains also came about because the sinking of the heavier 
landmasses - that now formed the bottom of the oceans - squeezed the lighter landmasses.  The 
irregular structure of the Earth’s surface was the result of the original structure being irregular by 
the way the Earth formed from material dragged out of the Sun irregularly by-passing stars.  This 
prevailing orthodoxy was necessarily seriously flawed.  Professor Frankel outlines and discusses 
these flaws.  He compares the arguments of the orthodox with the evidence, showing the vast gap 
between orthodoxy and reality.  He details the tunnel vision and groupthink as well as the irra-
tionality, hostility, bigotry and pig-headed prejudice that kept the orthodox view of the world 
dominant until the late 1960s.   

 
2.2 The Continental Drift Controversy Volume II, Paleomagnetic Support for Shifting 
Continents  
In this Chapter, Professor Frankel explains that the development of continental paleomagnetism 
formed the evidential basis for seafloor spreading and plate tectonics.  Palaeomagnetism, the study 
of ancient magnetism preserved in rocks, depends on the finding that the magnetisation of mag-
netic material is always parallel to the magnetic field in which it was magnetised, and the intensity 
of magnetisation was proportional to the intensity of that field.  The magma oozing up from the 
viscous Asthenosphere and solidifies, the mineral magnetite (Fe3O4) in the magma crystallizes.  
As it does so, it is magnetized with an orientation parallel to that of Earth’s magnetic field at that 
time, similar to the way a compass needle aligns with the magnetic field to point north.  This 
magnetic record in the rock is called remnant magnetism.  The study of remnant magnetism shows 
that the Earth’s magnetic poles changed place several times over the many hundreds of millions 
of years during which life evolved on the planet.  For example, here have been at least 183 rever-
sals over the last 83 million years (on average once every ~450,000 years).  The latest occurred 
780,000 years ago.  As the magma oozes up spreading the sea floor, the new sea floor is magnet-
ized in the direction of the then-current field.  Thus, sea floor spreading from a central ridge will 
produce pairs of magnetic stripes parallel to the ridge.  Research showed that the same magnetic 
records were found over most of the world's ocean floors, which permitted estimates of the times 
that most of the oceanic crust had developed.  As seafloor spreading results in continental drift 
and plate tectonics, palaeomagnetism provided hard evidence for continental drift.   

Professor Frankel provides a detailed account of the development of paleomagnetism and of the 
realisation that it supported continental drift.  He reports that almost all the prominent advocates 
of the orthodox view of the surface structure of the planet did not read the published paleomag-
netism papers.  Those who did, rejected the science of palaeomagnetism because they were con-
vinced it must be wrong as it tended to undermine the orthodox view.   

 

2.3 The Continental Drift Controversy Volume III, Initiation of Seafloor Spreading   
In this Chapter, Professor Frankel provides a detailed account of the findings showing that the 
seafloor has been slowly spreading since more than 200 million years ago.  Professor Frankel 
shows the obdurate refusal and tunnel vision of the scientists leading the orthodox view to the 
considerable evidence being published about the spreading of the seafloor.  He also reports that 
in 1963 two leading scientific journals, Nature and the Journal of Geophysical Research, refused 
to publish work demonstrating that seafloor spreading would result in magnetic stripes parallel to 
the central ridge.  He shows how dominant persons leading scientific institutions would enforce 
a groupthink in their institutions.   
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2.4 The Continental Drift Controversy Volume IV, Evolution into Plate Tectonics  
In this Chapter, Professor Frankel shows that plate tectonics was discovered almost simultane-
ously and independently by Dr Jason Morgan (1935 – 2023) early in 1967 and Dr Dan Peter 
McKenzie CH FRS (1942 to present) later in 1967.  Both built on the substantial foundations of 
seafloor spreading, palaeomagnetism and the integration of these principally by John Tuzo Wil-
son, Drummond Matthews, Frederick Vine, Lawrence Morley, Sir Edward Bullard FRS, and Jim 
Everett.   

Dr. Morgan, a 32-year-old post-doctoral research assistant in the Department of Geology at 
Princeton University, gave a paper on April 17 at the 1967 meeting of the American Geophysical 
Union.  He was scheduled to deliver a paper on the Puerto Rico Trench, but instead read a paper 
he called “Rises, Trenches, Great Faults, and Crustal Blocks,” and revealed to the geological 
profession the existence of plate tectonics.  The Journal of Geophysical Research published his 
paper, having the same title as his address to the 1967 meeting of the American Geophysical 
Union, on March 15, 1968 (Morgan 1968).   

According to Dr. Le Pichon (Le Pichon 1991), who attended Dr. Morgan’s talk and got inspired 
to verify or falsify Dr. Morgan’s new theory,  

On the basis of this document [the paper Dr. Morgan circulated to a few senior col-
leagues], it seems extraordinary that, in this hall packed with the best geophysicists and 
geologists in the United States, nobody got excited or even interested by the implications 
of Morgan’s ideas.   

They were too new, too different from anything that had been done.   

Even among those who received the extended outline and had time to digest these new 
concepts, I apparently was the only one to have considered it sufficiently important to 
drop everything else and start working along these new lines.    

Professor Frankel reported that Dr. Jason Morgan began to develop his account of plate tectonics 
from the beginning of 1967.  Significantly, Dr Jason Morgan was not a geologist.  He was not a 
geophysicist.  He was a physicist.  The title of his PhD Thesis was An astronomical and geophys-
ical search for scalar gravitational waves.  He wrote this thesis while attached to the Palmer 
Physical Laboratory at Princeton University under the direction of Professor Robert Dicke (1916 
– 1997), who held the Cyrus Fogg Brackett Professorship of Physics from 1957 until he was 
named the first Albert Einstein University Professor of Science in 1975, becoming emeritus in 
1984.  Professor Dicke suggested this topic to Jason Morgan.  In his thesis, he searched for evi-
dence that gravitational waves would affect any or all of: (i) the Earth’s rotation; (ii) the Moon’s 
motions; (iii) the planets’ motions; (iv) earthquakes; and (v) the data from a gravimeter.  Jason 
Morgan found no evidence.   However, using data sets covering the period 1850 to 1962, he found 
a significant negative correlation between the Length of Day and large, shallow earthquakes, and 
a significant positive correlation between Length of Day and large, intermediate, and deep earth-
quakes.3    

Dr. Morgan developed the first global-scale predictable quantitative model of plate motion that 
accounted for most of the seismicity at plate boundaries.  He presented an outline of his ideas to 
a large audience on April 17, 1967, and published a more detailed account in 1968.  Dr. Morgan 
was the first to demonstrate the validity of spherical plate kinematics.  He constructed great circles 
perpendicular to the motion that should intersect at the pole of rotation.  He did that between two 
plates on each side of the Africa/North America portion of the Mid‐Atlantic Ridge.  He obtained 

 
3 This relationship (between the Earth’s rotation and tectonic activity) has been corroborated many times 

since 1964.  Recently published research shows that the decadal variations (speeding up and slowing 
down) give rise to earthquakes. It is a significant relationship that can improve the prediction of earthqua-
kes.  This research is summarised in Mackey (2023).  See also Bostrom, R C (2000) Tectonic conse-
quences of the Earth’s rotation; Oxford University Press. 
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the rotation rates through the spreading rates on the ridge.  George Backus (1930 to present) pro-
posed in Backus (1964) to use the Euler rotation theorem, also known as Euler’s Point Theorem, 
(see Appendix B), to analyse the width - and rate of increase of the width - of the magnetic stripes 
on the seafloor.  He thus tested the rigidity of involved plates, obtained vectors of motion, and 
could quantify the motion throughout the boundary.  In the 1968 version, he added the treatment 
of the Pacific‐Antarctic Ridge.  He also determined the North America/North Pacific motion using 
the continental transform faults and the rate of motion along the San Andreas Fault.  He finally 
obtained the Antarctica/Africa motion through closure of the three previous ones.  All this was 
discussed within the framework of a 20-plate model presented at the beginning of the paper.  
Backus (1964) acknowledged that Creer, Irving, Nairn and Runcorn (1958) had suggested this.  
Professor Frankel reports that Dr. Backus applied to the National Science Foundation (NSF) to 
obtain the needed data.  The NSF rejected his request, judging it “too speculative”, an attitude 
indicative of the institutional dismissal of continental drift.  However, some 20 years later geolo-
gists recognised Dr. Backus’ paper to be visionary!  

Dr. Morgan and Dr. McKenzie independently discovered, developed, and tested their versions 
of plate tectonics.  Dr. Morgan discovered plate tectonics approximately five months before Dr. 
McKenzie, and worked on refining and testing it for six months before submitting his paper to 
the Journal of Geophysics Research.  Dr. McKenzie and Dr. Parker’s paper, "The North Pacific: 
An Example of Tectonics on a Sphere", appeared at the end of December 1967 in the journal, 
Nature (McKenzie and Parker 1967); Dr. Morgan’s paper appeared in April 1968.  At the time, 
Dr. McKenzie was a 25-year-old post-doctoral student at Cambridge University and Robert 
Ladislav Parker, also was a post-doctoral student at Cambridge University and of the same age 
as Dr McKenzie.   
 
Professor Frankel explains (Frankel (2012) Vol IV, page 527) the similarities and differences 
between Morgan’s and McKenzie and Parker’s papers as follows:  

Morgan’s testing of plate tectonics was more extensive than McKenzie’s: McKenzie’s presenta-
tion of plate tectonics was conceptually cleaner.  Despite the differences between their presenta-
tions, both made essentially the same monumental discovery: a precisely formulated kinematic 
theory that subsumes the kinematics of continental drift and seafloor spreading, the Vine-Mat-
thews4 hypothesis and the idea of transform faults, the two key corollaries of seafloor spreading.  
By dividing Earth’s outer surface into plates, most comprising both oceanic and continental lith-
osphere, and of sufficient rigidity to apply Euler’s Point Theorem, they could explain the move-
ments of the Earth’s outer surface in terms of relative rotational velocities, why almost all earth-
quakes occur in typically long and narrow seismic zones, why most earthquakes in the same type 
of seismic zones have the same mechanism, and why slip directions of earthquakes along the 
common boundary of two plates are roughly parallel to each other.  There was simply no com-
peting theory that solved so many important problems without creating serious difficulties.  De-
spite differences in presentations, both made a monumental discovery.   

According to Dr. Le Pichon,5  

McKenzie had arrived in Scripps Institution of Oceanography in June 1967 (Menard, 
1986).  Cox (1973) wrote that “in June, 1967 he got the idea of using rigid-body rotations 

 
4 The Vine-Matthews hypothesis, which is referred to more correctly as the Vine–Matthews–Morley hy-

pothesis, describes the magnetic reversals of oceanic crust.  The hypothesis correlates the symmetric 
magnetic patterns seen on the seafloor with geomagnetic field reversals.  At mid-ocean ridges, the injec-
tion, extrusion, and solidification of magma creates new crust.  After the magma has cooled through the 
point above which certain materials lose their permanent magnetic properties, ferromagnetism becomes 
possible and the magnetization direction of magnetic minerals in the newly formed crust orients parallel 
to the current background geomagnetic field vector.  Once fully cooled, these directions are locked into 
the crust and it becomes permanently magnetized.  The hypothesis links seafloor spreading and geomag-
netic reversals in a powerful manner, with each expanding knowledge of the other. 

5 Le Pichon, X (1991) ibid., page 3   
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to describe plate motions while re-reading the paper by Bullard, Everett and Smith (1965) 
on fitting the continents together.  Robert Parker had just completed a general computer 
program called SUPERMAP for plotting worldwide geophysical data using any conceiv-
able projection. Parker introduced the idea of using a Mercator projection in plate tec-
tonics...“. As noted above, I independently started using oblique Mercator projection in 
late May early June 1967 and presented the first oblique Mercator maps with the Eulerian 
pole of rotation as pole of projection at the early September Woods Hole meeting.  

My main contribution was to dare computing a simplified global kinematic model (six 
plates instead of the twenty of Morgan) and to show that it could still be considered real-
istic.  In other words, I demonstrated the validity of the plate tectonic concept for a global 
quantitative description of the tectonics of the Earth.  I also did use the oblique Mercator 
test simultaneously and independently of McKenzie and Parker (1967) and made the first 
plate kinematic constructions of past oceans, pointing out the geodynamic implications 
of finite rotations around triple junctions.  On the other hand, the elegant discussion made 
by McKenzie and Parker of the kinematics of the Pacific plate was original and first out-
lined in a correct way the significance of fault plane solutions for plate kinematics.  Their 
paper shows no evidence of any direct filiation from J. Morgan’s paper, substantiating 
MC Kenzie’s claim that it was developed independently.   

According to Professor Frankel, Dr. Xavier Le Pichon (1937 to present) was most likely the only 
person in Dr. Morgan’s audience in April 1967 who appreciated the significance of Dr. Morgan’s 
discovery of plate tectonics.  At the time Dr. Le Pichon was a junior research assistant at the 
University Columbia, New York City.  Dr. Morgan’s talk inspired Dr. Le Pichon to stop work on 
everything he was doing and concentrate on corroborating or falsifying Dr. Morgan’s theory.  To 
do this, he had to develop Dr. Morgan’s theory for the entire surface of the Earth.  He found that 
six plates would be sufficient.  Amongst other things, he had to verify that each of the planet’s 
rift openings behaved according to spherical geometry and Euler’s rotation on a sphere theorem.  
Dr. Le Pichon proved that the plates formed an integrated system where the sum of all crust gen-
erated at oceanic ridges is balanced by the cumulative amount destroyed in all subduction zones.  
He started on the new work towards the end of April 1967 and finished it by the end of August 
1967, when he submitted his 36-page paper to the Journal of Geophysics Research.  Reviewers 
of his paper, including Dr. Morgan, suggested several revisions that Dr. Le Pichon took into ac-
count.  He waited until Dr. Morgan’s paper, “Rises, Trenches, Great Faults, and Crustal Blocks,” 
was published in the Journal of Geophysics Research in April 1968.  Dr. Le Pichon’s paper, “Sea-
Floor Spreading and Continental Drift”, was published on June 15, 1968 in the Journal of Geo-
physics Research (Le Pichon 1968).   

Drs. Bryan Isacks, Jack Oliver and Lynn Sykes published the next major paper, “Seismology and 
the New Global Tectonics” in the Journal of Geophysics Research on September 1968.  It was a 
44-page defence of the new global tectonics, showing how it was so strongly supported by seis-
mology (Isacks et al.1968).  According to Professor Frankel, “it helped tremendously in convey-
ing what later became known more or less as plate tectonics to Earth scientists who did not work 
in areas that played a significant role in establishing seafloor spreading, V-M,6 and plate tecton-
ics”.   

Plate Tectonics (Appendix C) is the grand unifying theory of the solid earth sciences.   

Plate Tectonics allows describing consistently and within one logical framework many geological 
processes that were until then perceived as being unrelated.  According to the modern conception 
of plate tectonics, the surface of the Earth is composed of rigid lithospheric plates that incorporate 
the crust and the upper (strong) portion of the mantle and move coherently relative to one another 
over the asthenosphere through geological time, such that deformation, seismicity, and volcanism 
occur at their boundaries.  Some of the most destructive natural hazards that occur on Earth —

 
6 Professor Frankel uses “V-M” to refer to the “Vine-Matthews” hypothesis; see footnote 4. 
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earthquakes, tsunamis and volcanic eruptions — are associated with tectonic plate boundaries.   

According to Dr. Le Pichon (Le Pichon 2019): Knowing that Morgan had already demonstrated 
the validity of spherical plate kinematics, I could not simply repeat what he had done.  I progres-
sively realized that I could have an original contribution in three domains: demonstrating the 
impossibility of pure expansion of the Earth, obtaining the first global kinematic model, produc-
ing the first finite reconstructions based on magnetic anomalies.   

Professor Krill (Krill 2009, 2011, 2014) concluded that mobilism displaced fixism officially in 
1969 as a result of the above-mentioned papers as well as three further publications.  These were 
the proceedings of the Gander International Conference on Stratigraphy and Structure Bearing 
on the Origin of the North Atlantic Ocean, held in 1967 (Kay 1967); and new editions of the 
leading North American textbooks, Longwell Flint and Sanders (1969) and Dunbar and Waage 
(1969).   

In 1967, Dr. Marshall Kay, Newberry Professor of Geology, Columbia University, organised the 
Gander International Conference, held in Gander, Newfoundland (Kay 1967).  The conference 
gave geologists familiar with the areas bordering the North Atlantic Ocean with an opportunity 
to present their knowledge and ideas about continental drift, especially as it related to the North 
Atlantic Ocean.  This publication contains most of the papers that were presented at that confer-
ence and a few others that were prepared for the sessions.  Dr Kay’s summation, Continental Drift 
in the North Atlantic Ocean, (Kay 1967) is a most carefully reasoned, evidence-based account of 
the formation of the North Atlantic continents, islands and oceans of the current era.  He summa-
rised several tectonic epochs relating to the North Atlantic area over the past one billion plus years 
that geologists and others have documented.  

Geophysicists now have strong evidence that on several occasions in Planet Earth’s long history 
when the land masses formed one huge supercontinent.   See the Geologic time spiral—A path 
to the past at Appendix D.  

 
3. Issues Arising for the IPCC debacle 
There are significant parallels between the debate over continental drift, and eventually plate tec-
tonics, and the on-going IPCC debacle   

 

3.1 Don’t debate – humiliate  
The continental drift controversy reveals that most of the leading scientists who rejected Alfred 
Wegener’s continental drift theory did so in a highly pejorative way.  They mocked the theory as 
absolute nonsense; Alfred Wegner was mocked for being quite devoid of critical faculty.  The 
scientific establishment joined ranks and tore holes in his theories, mocked his evidence and ma-
ligned his character.  They scorned him for writing “delirious ravings” and introducing “moving 
crust disease and wandering pole plague.”  The British ridiculed him for distorting the continents 
to make them fit and, more damningly, for not describing a credible mechanism powerful enough 
to move continents.  At a Royal Geographical Society meeting, an audience member thanked the 
speaker for having blown Wegener’s theory to bits—then thanked the absent “Professor Wegener 
for offering himself for the explosion.”   One prominent American Geologist commented, “If we 
are to believe Wegener’s hypothesis, we must forget everything which has been learned in the 
last 70 years and start all over again.”  Others referred to continental drift as “Germanic 
pseudo-science” and accused Wegener of toying with the evidence to spin himself into “a state of 
auto-intoxication.”  Wegener’s lack of geological credentials troubled another critic, who de-
clared that it was “wrong for a stranger to the facts he handles to generalize from them.” 

Sir Harold Jeffreys FRS (1891 to 1989) was the leading geophysicist of the early 20th century, 
and in 1924, published a book that became the bible of geophysics, The Earth: Its Origin, History, 
and Physical Constitution (Jeffreys 1924).  He was reader in geophysics at Cambridge (1932–46) 
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and was the Plumian chair of Astronomy and Experimental Philosophy (1945–58).  Harold Jef-
freys was knighted in 1953.   

He made significant contributions to mathematics and statistics.  His books, Logic and Scientific 
Inference, first published in 1931, and Theory of Probability, first published in 1939, played an 
important role in the revival of the objective Bayesian view of probability.  Both became defini-
tive texts.  In 1940, he married fellow mathematician and physicist, Bertha Swirles, (1903–1999) 
and together they wrote Methods of Mathematical Physics, first published in 1946.   

Sir Harold Jeffreys was unshakably opposed the theory of continental drift.  He considered the 
hypothesis "impossible".   

According to Professor Frankel: 

After election to the Plumian Chair of Astronomy and Experimental Philosophy at Cam-
bridge in 1946, Jeffreys occasionally visited his old department of Geodesy and Geophys-
ics), where he learned intermittently of the new work in paleomagnetism and its support 
for continental drift to which he was adamantly opposed.  In the fourth edition of The 
Earth: Its Origin, History, and Physical Constitution (1959), he argued that the mecha-
nism difficulties against polar wandering were bad enough, but those against drift were 
insurmountable.  Hence, the paleomagnetic method must be flawed because the conti-
nents could not have drifted.  

Sir Harold Jeffreys was especially unyielding, certain that the crust’s rigidity made continental 
drift impossible.  His influence was enormous.  His disciples denounced Wegener’s hypothesis 
for decades and lugged Sir Harold Jeffreys’ animosity into fifty years of future debates against 
plate tectonics.  Sir Harold Jeffreys lived to 1989, dying at age 98, long after plate tectonics was 
mainstream – but still opposed the idea.  

According to Professor Frankel, Sir Harold Jeffreys was so opposed to anything to do with con-
tinental drift that he refused to go to presentations of work-in-progress that gave support, however 
remote, to continental drift.  Professor Frankel shows that because of Sir Harold Jeffreys standing 
as one of the world’s leading scientists in the fields of Physics, Astronomy, Geophysics, the sci-
entific method and the theory of probability, students and university staff mimicked his attitudes 
to continental drift and ignored and dismissed the topic as unworthy of serious study.  

David Attenborough, who studied geology and zoology at Cambridge University in the second 
half of the 1940s, recounted an incident illustrating its lack of acceptance then:7  

I once asked one of my lecturers why he was not talking to us about continental drift and 
I was told, sneeringly, that if I could prove there was a force that could move continents, 
then he might think about it.  The idea was moonshine, I was informed.   

The distinguished Australian geologist, Rhodes Fairbridge (1914 – 2006), was an early champion 
of Wegener’s theories.  When Rhodes was a boy of seven living with his family at Fairbridge 
Village, Pinjarra in Western Australia, Professor G E Nichols, the Professor of Zoology at the 
University of Western Australia at the time, visited the Fairbridge family at their new village.  
Whilst showing the young Rhodes about the differences between millipedes and centipedes, he 
also excited Rhodes’ imagination by telling him about Alfred Wegener and his exciting ideas of 
continental drift.  This explained how closely related species that could not swim are found all 
across the Southern Hemisphere: they had been passengers on landmass life rafts that drifted 
around the globe.  The idea stayed with Rhodes.  Later in 1928 as a fourteen-year-old, he read J. 
G. A. Skerl’s translation of Wegener, (Wegener 1922) which made a great deal of sense to him.  
Rhodes became an enthusiast of Wegner’s theories.  Rhodes was immune to the hostile consensus 
that derided Wegener’s ideas.  According to Dr Charles Finkl: “In the 1940s, the distinguished 
economic geologist Blanchard once told Rhodes that his thoughts about continental drift should 
be kept to himself else he would never see a full professorship with tenure.”  Dr Finkl added: “At 

 
7 David Attenborough: force of nature | David Attenborough | The Guardian 



Richard Mackey: Lessons from the Continental Drift controversy for the IPCC debacle 

Science of Climate Change https://scienceofclimatechange.org 

 496 

that time Rhodes had not made any discoveries that justified expressing these opinions, so the 
moral dilemma never arose.”  As mentioned above, Rhodes publicly championed Wegner’s con-
tinental drift hypothesis long before it became an integral part of the scientific canon, albeit mod-
ified by subsequent evidence and analysis.8    

In the United States, (Newman (1995)) where opposition to continental drift was stronger and 
more deeply entrenched than in England and Europe, several prominent scientists ridiculed the 
theory of continental drift and forcefully opposed any mention of it.  These scientists included 
Walter Munk FRS, (1917 – 2019),9 Maurice Ewing FRS (1906 – 1974), Thomas C. Chamberlin 
(1843-1928), Rollin Thomas Chamberlin (1881-1948), Bailey Willis (1857–1949), Charles 
Schuchert (1858 – 1942) Professor Emeritus at Yale University, President of the Geological So-
ciety of America, associate editor of the American Journal of Science, and author of the leading 
American textbook of historical geology.  

Bailey Willis was professor and chairman of the geology department at Stanford University from 
1915 to 1922.  He was president of the Seismological Society of America from 1921 to 1926 and 
was president of the Geological Society of America in 1928. 

Professor Bailey Willis called Wegener’s theory a fairy tale (Willis 1944).  He says it seems 
impossible that the continents could move.  

Gordon Macdonald (1929 – 2002) was opposed to continental drift.  He held various significant 
positions at the University of California, Santa Barbara.  These included Professor of Geophysics 
in the Department of Earth Science; Professor of Physics in the Department of Physics; and Vice 
Chancellor, Research and Graduate Affairs.  He was a member of the US President's Science 
Advisory Committee and a member of the Committee’s Panel on Atmospheric Sciences.   

According to Professor Macdonald (Macdonald 2003):  

In all science, there is a strong ‘herd instinct.’  Members of the herd find congeniality in 
interacting with other members who hold the same view of the world.  Before the 1950s, 
the North American herd of geologists found it comforting and amusing to ridicule those 
foreign geologists who advocated continental drift. In the early 1960s (several) respected 
leaders decided to shift directions and the herd soon followed.   

In Europe, geologists were reserved in their criticism, but in America, Wegener was most severely 
berated.  “Utter damned rot,” said William Scott, (1858 – 1947) geology professor at Princeton 
(and President of the American Philosophical Society) in 1923, describing the theory of continen-
tal drift.  Edward Berry, an American palaeobotanist, called Wegener’s theory “a selective search 
through the literature for corroborative evidence, ignoring most of the facts that are opposed to 
the idea, and ending in a state of auto-intoxication.”  According to Professor Bailey Willis (Willis 
1944), a renowned earthquake seismologist and geologist for the US Geological Survey, “further 
discussion of it [continental drift] merely encumbers the literature and befogs the minds of fellow 
students.  [It is] as antiquated as pre-Curie physics.  It is a fairy tale.” Willis also claimed Wegener 
was more “an advocate rather than an impartial investigator.”   

America was the hotbed of anti-continental drift hostility.  Ralph Chaney, (1890 – 1971) an Amer-
ican expert on plant fossils and ancient climates, wrote “It is amusing to note that in taking care 
of their Tertiary forests, certain Europeans [Wegener] have condemned our forests to freezing.”  
Chaney dismissed Wegener’s palaeoclimatology as amateurish, apparently unaware that We-
gener, with his father-in-law, Wladimir Köppen, wrote the world’s primary textbook on the sub-
ject.  Others, such as Chester Longwell (1887 – 1975) of Yale University, rejected the concept of 
mobile continents in the 1920s and stayed opposed into the 1960s, even as the evidence became 
overwhelming.  In 1968, Longwell commented, “Although partisans favouring drift may have 

 
8 Further information about Rhodes Fairbridge can be found in Mackey (2007).  
9 For most of his career, Walter Munk was a professor of geophysics at Scripps at the University of Cali-

fornia in La Jolla. 
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been right, they based most of their case on the wrong reasons and were unable to visualize a 
mechanism.”  His statement rings of revisionist history with a touch of sour grapes.  The most 
powerful opponent to Wegener’s idea was Rollin T. Chamberlin, Professor of Geology at the 
University of Chicago.  He was also editor of Science and a fellow of the National Academy of 
Sciences, the American Academy of Arts and Sciences, and the American Philosophical Society.  
Chamberlin wrote about the theory of continental drift, “Can geology still be considered a science 
if it is possible for such a theory as this to run wild?”  

Lawrence Morley (1920 – 2013) was a Canadian geophysicist and remote sensing pioneer.  He 
was the Director of the Geophysics Branch of the Geological Survey of Canada in Ottawa (1950–
1969).  In 1970, he established the Canada Centre for Remote Sensing and served as its Director 
General from 1971 to 1980.  

Dr Morley was the first to suggest that repeated reversals of the Earth's magnetic field resulted in 
magnetic striping in the Earth's crust.  He explained that a record of the direction and intensity of 
the Earth's magnetic field was imprinted on the rocks on the ocean floor.  He pointed out that 
because of the planet's magnetic polarity reversed direction every half-million years, iron-rich 
rocks and ridges on the sea floor provided a record of field reversals by locking into place their 
magnetic properties at the time of formation.  

In 1963, Dr Morley submitted a letter to Nature reporting these findings in February 1963.  The 
editor of Nature rejected his letter.  Dr Morley revised his letter and in April 1963 submitted it to 
the Journal of Geophysical Research.  The editor of that journal refused to publish it, writing to 
Dr Morley, that a referee’s assessment was: “Such speculations make interesting talk at cocktail 
parties, but it is not the sort of thing that ought to be published under serious scientific aegis." 

In 1974, Professor Norman Watkins (1934 to 1977) at the time Director of the Division of Earth 
Sciences of the National Science Foundation, described Dr Morley’s paper as "probably the most 
significant paper in the earth sciences ever to be denied publication." (Watkins, (1974)).  Dr Wat-
kins’ 1974 letter is at Appendix E.  

At virtually the same time, two geologists at Cambridge University, Drummond Matthews FRS 
(1931 to 1997), at the time a research fellow at King's College, Cambridge, and Frederick Vine 
FRS (1939 - present), at the time his research student, developed the same ideas.  Nature published 
their paper “Magnetic Anomalies Over Oceanic Ridges” on September 7th, 1963 (Vine and Mat-
thews (1963)).    

Even now, there are strange comments.  For example, Professor Robert Merrill, Professor Emer-
itus of Earth and Space Sciences at the University of Washington, writes in his recent book, Our 
Magnetic Earth, (Merrill, (2010)) that:   

“I am sometimes asked, “Who discovered plate tectonics?”  I reply that many scientists were 
involved and no one or two individuals should be given credit for the discovery.”  Page 199.   

He does not mention anywhere in his book that Dr. Morgan and Dr. McKenzie have been univer-
sally recognised for discovering plate tectonics in 1967.  Both have received international prizes 
for their discovery.   

 

4. Common features between the impact of the IPCC debacle and the continental drift 
controversy  
 
Professor Frankel gives an analysis of the extraordinary unscientific behaviour of those scientists 
who opposed Wegener’s theory of continental drift.  His main points are that the key blockages 
to the acceptance of continental drift were groupthink and tunnel vision.  In saying this, he docu-
ments the many shortcomings in Wegener’s theory.  These include the absence of any plausible 
account to explain how or why the continents drifted; the use of unreliable, in some cases invalid, 
data; having an unsatisfactory timetable for continental drift; internal inconsistencies within We-
gener’s theory, especially in relation to the formation of mountains and landmasses ploughed 
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through the sea floor in the way Wegener speculated.  Nevertheless, science progresses by anal-
ysis, new evidence and debate because rarely can one scientist propose a theory that is without 
shortcomings.  Even the brilliant theories of Isaac Newton, James Clerk Maxwell and Albert Ein-
stein had shortcomings!   

 
4.1 Tunnel vision and groupthink rule   
Professor Frankel ((2012) Vol 1 pp. 1-37, 488-553, 545-55; Vol IV pp. 421-424) provides con-
siderable detail about the tunnel vision (see Appendix F) and groupthink in the various commu-
nities of geophysicists and geologists in the Western world.  He considers that these two factors 
are the key to understanding why the scientific community took so long to reject the dominant 
theory that the geological structure of the lithosphere were fixed and discover plate tectonics.  He 
documents in detail the narrowness and narrowmindedness of the leading scientists opposed to 
continental drift.  Even so, those two factors do not help much to understand the rancorous nature 
of those opposed to continental drift, the dominance of prejudice, hubris, and outright hostility of 
those opposed to continental drift, and the pig-headed refusal of most of those against continental 
drift to engage in constructive debate.   

The scientists opposed also showed limited or no recognition or understanding of how little the 
phenomena under study was described or understood or even the vast data problems in geology 
and geophysics at that time.   

Eventually, evidence from outside the field of the main focus of geologists overturned the atti-
tudes of those opposed to continental drift.  The evidence came from Palaeomagnetism.  

 

4.2 Cover-up 
Professor Krill’s forensic analysis of geology textbooks within the span of the climate drift con-
troversy led him to these findings (Krill 2009, 2011, 2014):  

It was Charles Schuchert – professor emeritus at Yale University, President of the Geological 
Society of America (in 1922), associate editor of the American Journal of Science, and author 
of the leading American textbook of historical geology – who headed the campaign against 
mobilism. Wegenerʼs theory would have been taken as a working hypothesis in 1924, were it 
not for Schuchertʼs conscious decision to hide and discredit evidence in support of it. 
Schuchertʼs tactical moves began with his second edition of the textbook, Historical Geology. 
He understood that the directions of Permian glacial ice-flow proved mobilism, so he re-
moved arrows from his map that showed those directions. He carefully worded his explana-
tions to sidestep other evidence for mobilism. His efforts continued in his 1928 publications, 
where he misquoted and ridiculed Du Toit, Daly, and others. He decided not to update and 
correct key maps and paragraphs of his textbooks. He succeeded in keeping Holmesʼ break-
through article on mantle convection-currents out of the American Journal of Science.  

And  

Established scientists find it difficult to disavow their previous opinions, especially if those 
opinions appeared in print. I think we might call this the constancy of published scientific 
opinion. It has to do with the nature of a publication record, and the nature of a scientist. 
Highly respected scientists are mostly characterized as authoritative, committed, reliable, 
and stable. It is far less likely for reputable scientists to be adaptable, amenable, flexible, and 
persuadable. Scientists are people. They like to correct others, but do not like to stand cor-
rected. An ambitious scientist might hope to “rewrite the book” on his science, but not if the 
book that needs rewriting is his own. If circumstances are right, a scientist will gladly correct 
his own work. If he is personally involved in making new discoveries, he will be happy to 
publish a new paper that announces the developments and corrects his earlier conclusions. 
If his competitor makes new discoveries, he will usually accept them and adopt the new results 
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in his next published paper on this topic. But if it is apparent that the evidence was available 
all along, and that he got it wrong the first time, he will probably not publish again on that 
particular topic. I know this from personal experience, having myself made an embarrass-
ingly incorrect geological interpretation of this type. 

    

5. The impact of the IPCC debacle is much worse than the impact of the continental 
drift controversy  

 
5.1 The IPCC structure is one of the worst ways of doing science   
The IPCC consists of a political/ideological group that oversights a bureaucratic group that over-
sights the scientists.  The effect of this is stifled debate amongst the scientists and the tunnel vision 
and group think - that was a dominant feature of the continental drift controversy – that is endemic 
in the community of scientists that the IPCC oversights.  The conduct of science depends on the 
freedom to debate, the freedom to challenge, the freedom to be wrong; the freedom to publish 
evidence, analysis and theories that challenge, undermine, contradict long held, established theo-
ries.  The conduct of science is an open process, whereas the IPCC process is not only closed, but 
closed tightly.    

Dr Xavier Le Pichon noted, “that science that is completely regulated top-down is not efficient”.10 

Professor Richard Feynman (1918 – 1980) explained the conduct of science in this way (Feynman 
(1965))   

Now I’m going to discuss how we would look for a new law. In general, we look for a new law by 
the following process.  First, we guess it (audience laughter), no, don’t laugh, that’s the truth.  
Then we compute the consequences of the guess, to see what, if this is right, if this law we guess 
is right, to see what it would imply and then we compare the computation results to nature or we 
say compare to experiment or experience, compare it directly with observations to see if it works.   

If it disagrees with experiment, it’s wrong.  In that simple statement is the key to science.  It 
doesn’t make any difference how beautiful your guess is, it doesn’t matter how smart you are who 
made the guess, or what his name is … If it disagrees with experiment, it’s wrong.  That’s all 
there is to it. 11   

That is not the way of the IPCC.   

  

 
10 Meeting Plate Tectonics – Xavier Le Pichon; the Blog of the Tectonics and Structural Geology Division 

of the European Geosciences Union; David Fernández-Blanco November 6, 2018; See Tectonics and 
Structural Geology | Meeting Plate Tectonics – Xavier Le Pichon (egu.eu)  

11 This is an extract from Professor Feynman’s speech that he delivered as part of the Messenger Lectures 
on “The Character of Physical Law” at Cornell University on November 9, 1964.  Feynman's Messenger 
Lectures.  It is from Chapter 7, Seeking new laws.  See The Feynman Messenger Lectures Video Viewer 
(caltech.edu)  
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5.2 There is no direct evidence to support the IPCC hypothesis   
 
Using the established framework of independent and dependent variables12  in which an inde-
pendent variable is a cause and a dependent variable is the effect, the climate system is the de-
pendent variable and the variables that cause the climate system to change are the independent 
variables.  Historically, the ideas of independent and dependent variable developed in Mathe-
matics as the concept of a mathematical function became defined systematically in the work of 
Descartes in 1637, Newton in 1670 and Leibnitz in 1673.  It was Leibnitz who defined the con-
cept of “function” as it is used now throughout mathematics and science in 1673 (Yousch-
kevitch 1976).  

The alleged evidence for the IPCC hypothesis consists of hypothetical projections of a handful of 
climate indices (including average global temperature, global sea levels) derived from computer 
simulations based on a radically simplified theory of climate dynamics from which has been ex-
cluded key independent variables.  In addition, the computer simulations ignore non-linear, non-
stationary functional relationships between the independent and dependent variables; the interac-
tion effects of all relevant independent variables on the behaviour of the independent variables 
and on the dependent variables; the time gaps between changes in the values of independent var-
iables and changes in the values of dependent variables of which the climate system is composed; 
and the interaction effects of the dependent variables in aggregate and on the behaviour of the 
dependent variables  Accordingly, the IPCC provides no evidence to support the advocated hy-
pothesis.   

The set of independent variables include the Sun’s output of radiation and matter; electromagnetic 
and gravitational fields; shape; and the topological structure of the heliosphere.   

The set of dependent variables, that is the climate system, includes the Earth’s: atmospheric sys-
tems; ocean systems; coupled atmospheric-oceanic systems; clouds; Rossby and Kelvin waves; 
rotation of the planet; atmospheric angular momentum; dynamo; electromagnetic field; and global 
electric circuit.  

There are other factors relevant to our understanding of the Earth’s climate dynamics: 

a) climate system’s internal variability.  
b) Earth’s albedo.  
c) cosmic rays.  
d) Earth’s orbital geometry, including Milankovitch processes. 
e) planets’ gravitational effects on the Earth’s and Moon’s orbital geometry and,  
f) Sun’s epitrochoid-shaped barycentric motion. 

It is well-known that the relationships between the independent variables (the causes) and the 
dependent variables - climate system (the effect) - are not simple linear relationships (Rial et al 
2004).  Four non-linear, non-stationary processes relating the set of independent variables (in-
cluding those of the Sun mentioned above) to the set of dependent variables (the climate system) 
have been identified.  They are: strange attractors; resonant amplification; phase synchronisation; 
complexity matching.  See, for example, Tsonis et al. (2007), Cohn and Lins (2005), Scafetta, 
(2023), Paluš and Novotná (2009), Tobias and Weiss (2000)13. 

 
12 It is customary in all areas of science to make graphs with the independent variable on the horizontal 

axis and the dependent variable on the vertical axis.  In the teaching of science from elementary levels 
onwards this helps show hypothesised relationships between the cause (the independent variable) and the 
effect (the dependent variable).  In the fields of health and pharmacy, the graphs are called dose-response 
curves.  Anyone who has done experimental science at secondary or tertiary level would have made 
similar graphs.  See also Youschkevitch (1976), Winston and Blais (1996), and Dependent and inde-
pendent variables - Wikipedia. 

13 The authors' findings are best stated in their own words: "It is clear that the resonance provides a powerful 
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The IPCC prevents the development and testing of a comprehensive theory of climate.  The IPCC 
prevents the derivation of quantitative predictions about the climate system from a comprehensive 
theory of climate that includes all relevant independent variables.  The IPCC prevents the appli-
cation to climate science, hence to the IPCC hypothesis, of the approach to science described by 
Professor Feynman and universally recognised as the way to do science.   

As a result, the IPCC is anti-science.    

 

5.3 Outsiders keep out, stay out! 
Almost all the leading scientists connected with the IPCC refuse to debate, discuss, read, and/or 
publish, any scientific paper that provides evidence that does not support the IPCC hypothesis.  
The climate scientists devoted to the IPCC’s doctrine refuse to recognise any work about the 
Earth’s climate dynamics if they regard the authors of that work as being other than climate sci-
entists just like themselves.  In this manner, they imitate the behaviour of many geologists, espe-
cially American geologists, who rejected the continental drift hypothesis because Wegener and 
several prominent advocates of his theories were not geologists.  And yet the correct geological 
theory about the movement of the lithosphere’s landmasses was discovered by physicists not ge-
ologists.  Furthermore, throughout the history of science and mathematics, persons outside a par-
ticular discipline have made significant contributions to that discipline.   

One famous example is that of the mathematician, Dr. Paul Cohen (1934 – 2007). 14  Without any 
formal background in Logic, in 1963, Dr. Cohen proved that neither the continuum hypothesis 
nor the axiom of choice can be proved from the standard Zermelo–Fraenkel axioms (ZF) of set 
theory (Cohen 1966).  In conjunction with the earlier work of Kurt Gödel (1906 – 1978), this 
showed that both of these statements are logically independent of the ZF axioms: these statements 
can be neither proved nor disproved from these axioms.  In this sense, the continuum hypothesis 
is undecidable; it is the most widely known example of a natural statement that is independent 
from the standard ZF axioms.  Dr. Cohen discovered a new methodology to use in Logic, which 
he called forcing, to prove the undecidability of the continuum hypothesis.   

For his result in the theory of logic, namely proof of the undecidability of the continuum hypoth-
esis, in 1966, the mathematician, Dr. Cohen, won the Fields Medal15 in mathematics and in 1967, 
the National Medal of Science.   

In 1963, Dr Cohen invited Kurt Gödel to examine his proof before submitting it for publication 
in the Proceedings of the National Academy of Sciences USA.  

Kurt Gödel found the proof to be satisfactory and in 196316 wrote to Dr. Cohen saying, amongst 
other things,  

Let me repeat that it is really a delight to read your proof of the independence of the 
continuum hypothesis.  I think that in all essential respects, you have given the best pos-

 
mechanism for amplifying climate forcing by solar activity."  Hence, there need no longer be any re-
luctance to accept as fact the observation that the many correlations that have been documented between 
solar variability and the time histories of various climatic phenomena do indeed have a cause that is of 
extraterrestrial origin. 

14 This account of Dr Cohen, including the quotation of Kurt Gödel is based on, and derives from, Paul 
Cohen (1934 - 2007) - Biography - MacTutor History of Mathematics (st-andrews.ac.uk) 

15 The Fields Medal, which is often considered the mathematical equivalent of the Nobel Prize, is granted 
every four years.  In accordance with the prize's statutes, it is given to mathematicians under the age of 
40.  The Fields Medal that Dr Cohen won continues to be the only Fields Medal to be awarded for a work 
in mathematical logic, as of 2022, the last year in which the Fields medal was awarded.  

16 At the time (1963) that Professor Gödel received Dr Cohen’s draft, he had devoted more than 30 years 
trying to prove what Dr Cohen had proved in about six months! 
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sible proof & this does not happen frequently.  Reading your proof had a similarly pleas-
ant effect on me as seeing a really good play. 

Dr. Cohen was an outsider to the discipline of Logic.  

He was not a logician; he was a mathematician who had specialised in several areas of pure math-
ematics, including Analysis, Topology and Algebra.  

The title of his 1958 doctoral thesis was Topics in the Theory of Uniqueness of Trigonometrical 
Series. 

In 1959 and 1960, he published two papers Factorization in group algebras and On a conjecture 
of Littlewood and idempotent measures that established him as an emerging leader in the areas of 
Analysis, Topology and Algebra.  

The history of science and mathematics shows that a person outside a particular discipline can 
solve problems in the discipline of which they are an outsider because they bring new expertise, 
new methods, new knowledge, new ways of understanding to the problem and thereby solve it.   

The phenomena that humans try to understand does not come neatly pre-packaged in discipline 
wrappers ready for humans to unwrap.  

The geologists and other scientists opposed to continental drift would not accept the findings and 
theories of paleomagnetism.  Professor Frankel describes the uncompromising determination of 
Walter Munk FRS, jointly with his then junior colleague, Gordon MacDonald, to debunk palae-
omagnetism.  According to Professor Frankel, “Their assessment of paleomagnetism carried great 
weight with many Earth scientists, often, with the latter, I suspect, regardless of whether they had 
taken the trouble to understand the palaeomagnetic arguments.”17  Nevertheless, the findings and 
theories of palaeomagnetism were crucial to the discovery of plate tectonics.   

Dr. Paul Cohen was able to prove the undecidability of the continuum hypothesis because he 
could frame it as a mathematical problem rather than a problem in the theory of Logic.  This 
enabled him to develop the idea of forcing inspired by analogies with parts of modern algebra 
including that part which deals with adjoining mathematical entities to algebraic fields and a 
lemma in Topology about the structure of particular types of topological spaces.18 

 

5.4 The IPCC is circular by design 
At core, the IPCC is inherently, unavoidably, and by design, circular.19   

The IPCC is required to assess human-induced climate change and provide advice about the like-
lihood of human-induced climate change and strategies to deal with adaptation to, and mitigation 
of, human-induced climate change.  It is prevented from assessing and reporting evidence that 
conflicts with the theory of human-induced climate change.  The IPCC therefore begins with the 
assumption that human-induced climate change is changing the planet’s climate.  The IPCC then 
sets about assembling any evidence of the planet’s warming climate, claiming that that this is 
evidence for what has been assumed.  The IPCC has consistently ignored well-established evi-
dence reported by scientists in the world’s leading scientific journals and in textbooks that the 
planet experiences regular cycles of global warming and cooling arising from geophysical phe-
nomena (Mackey 2023). 
The computer simulations that the IPCC uses to project the impact of hypothetical human-induced 
climate change likewise assume that the only form of climate change to take into account in the 

 
17 Frankel Vol II pp 389 – 390; op. cit. page 1 
18 The Discovery of Forcing (projecteuclid.org) and Pages from letter-2011-fall-2.pdf (ias.edu) 
19 Paper: Circular Reasoning in Climate Change Research • Watts Up With That?; See also Spencer, Roy 

W (2012), especially page XXVII and pp 99 to 100.   
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algorithmic simulations is human-induced climate change (Pindyck 2015; Munshi 2018).20   

In a breath-taking example of circularity within circularity, the IPCC asserts that the computer 
simulations with their built-in circular reasoning are evidence for the circularly reasoned IPCC 
hypothesis!  

The United Nations Framework Convention on Climate Change (UNFCC 1992) defines (in its 
Article 1) ʹclimate changeʹ as: a change of climate which is attributed directly or indirectly to 
human activity that alters the composition of the global atmosphere and which is in addition to 
natural climate variability observed over comparable time periods.   

According to the website of the IPCC, (IPCC 1998) the role of the IPCC is to assess on a com-
prehensive, objective, open and transparent basis the scientific, technical and socio-economic 
information relevant to understanding the scientific basis of risk of human-induced climate 
change, its potential impacts and options for adaptation and mitigation. IPCC reports should be 
neutral with respect to policy, although they may need to deal objectively with scientific, tech-
nical, and socio-economic factors relevant to the application of particular policies. 

The IPCC definition of climate change refers to a statistically significant variation in either the 
mean state of the climate or in its variability, persisting for an extended period (typically decades 
or longer) arising only from human activity.   

And yet in all of the IPCC’s reports, no evidence, independent of the assumption of human-in-
duced climate change, has been published that corroborates the theory of human-induced climate 
change.   

The scientific examination of climate change that considered climate dynamics in totality, would 
inquire into all reasons for the Earth’s climate dynamics.  These include theories that explain the 
Earth’s climate dynamics in terms of solar variability; in terms of the natural internal variability 
of the climate system; and/or in terms of the consequences of the massive re‐engineering of the 
planet by human beings over the last 300 years or so (Cotton and Pielke 2007).   

The disinterested approach of science formulates theories and proceeds to produce evidence and 
analysis that corroborates or refutes existing theories.  Science thrives on doubt, debate, the pro-
duction of conflicting evidence and analysis and the advancement of theories of greater and 
greater explanatory power, covering broader classes of phenomena and longer periods.  Science 
is forever uncertain, rarely settled.  In an area as complex and as young as the science of climate 
dynamics, the statement that “the science is settled” will always be false.   

Had the IPCC been established to understand the planet’s climate dynamics scientifically, its role 
would have been defined in relation to climate dynamics as such without a qualifier limiting ‘cli-
mate dynamics’ to a particular cause.  

 

5.5 The anti-science IPCC is ideological    
In contrast, and in an entirely anti‐scientific, as against, non‐scientific, manner, the IPCC has 
denigrated alternative explanations, has sought to vilify valid scientific explanations, and person-
ally attack with a view to silencing scientists and others who present valid scientific explanations 
that are contrary to the IPCC hypothesis.  Is this the hallmark of a disinterested scientific inquiry 
into the truth about climate change?  No! It is the distinctive sign of an uncompromising ideolog-
ical agenda.   

An example of the ideological, rather than scientific, modus operandi of the IPCC, is the highly 
political and dismissive way in which the IPCC, in 2003, responded to the advice offered to it by 

 
20 See, for example, Circular reasoning with climate models - CFACT; Structural errors in global climate 

models | Climate Etc. (judithcurry.com); Gerry Browning: In Memory of Professor Heinz Kreiss « Cli-
mate Audit . 
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two distinguished (and retired) experts, Ian Castles AO OBE (1935 – 2010) and David Henderson 
(1927 – 2018).  At the time, Dr Castles was a Visiting Fellow at the Asia Pacific School of Eco-
nomics and Government at the Australian National University, an economist and statistician, a 
former head of Australia’s Bureau of Statistics and former Secretary of the Australian Govern-
ment Department of Finance (1979–86).  Between 1995 and 2000, Ian Castles was Executive 
Director and Vice President and of the Academy of the Social Sciences in Australia and he was 
also President of the International Association of Official Statistics.  David Henderson (1927 – 
2018), was a former Chief Economist of the Organisation for Economic Co‐operation and Devel-
opment and a former visiting professor at Westminster Business School.21   

The scientists, devoted to the circular anti-science reasoning of the IPCC, have succeeded in clos-
ing down debate that questions the IPCC hypothesis.  They have succeeded in the sanctioning of 
individuals who question the IPCC’s self-asserted infallibility.22   

On February 24, 2023 the editors of the EGU journal, Earth Systems Dynamics, published by 
Copernicus Publications, published an extraordinary editorial that stated, amongst other things, 
that it will no longer accept papers to be considered for publication that examine scientifically 
whether global warming, or at least a significant part of it, is caused by factors other than the 
direct and indirect effect of anthropogenic greenhouse gas emissions. 

The reason for this clear rejection policy is not a lack of scientific openness of the journal and its 
editors but rather the extremely well-established scientific basis of how the Earth's atmospheric 
greenhouse effect works, how it affects surface temperatures, and how it is altered by anthropo-
genic emissions of greenhouse gases.23 

This statement is an absurd mockery of the publisher’s name and of the scientific method.   

It reveals a stunning ignorance of the nature of the IPCC’s modus operandi and of the design of 
the computer simulations used by the IPCC.  

The IPCC’s use of a poorly educated, photogenic, messianic, and bigoted teenage girl, to be 
throughout the world, a key champion of the IPCC hypothesis, is a further sign of the anti-science 
nature of the IPCC.   

IPCC has created a secular religion that has overtaken governments, bureaucracies, scientific 
academies and many large, including multi-national corporates, just like the Catholic religion had 
in medieval Europe.  The IPCC chair is equivalent to the Pope (Joffe 2019).   

Richard Feynman observed: Religion is a culture of faith; science is a culture of fact. 

And  

The only way to have real success in science, the field I’m familiar with, is to describe the evidence 
very carefully without regard to the way you feel it should be.  If you have a theory, you must try 
to explain what’s good and what’s bad about it equally. In science, you learn a kind of standard 
integrity and honesty. 

The IPCC has imposed and continues to impose a monstrous expense on the World.  

Governments throughout the World have spent many billions of dollars dealing with the IPCC’s 
chimerical theory; they have committed many billions more.   

The European Commission has instructed EU members to adopt complex strategies, costing many 
 

21 An account of this can be found on the websites http://www.onlineopinion.com.au/view.asp?ar-
ticle=2147 and http://www.lavoisier.com.au/papers/articles/IPPCissues.html.  See also - Bishop Hill 
blog - Henderson on Castles (bishop-hill.net). 

22 There are many examples- eg - Institutional Bias (bishop-hill.net) ; here is but one recent one Climate 
censorship is worse than you think | Financial Post 

23 ESD - Editorial: Global warming is due to an enhanced greenhouse effect, and anthropogenic heat emis-
sions currently play a negligible role at the global scale (copernicus.org) 
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billions of dollars, designed to adapt to and/or mitigate against hypothetical consequences of the 
chimerical theory.  The strategies have done, are doing, and will do significant damage to the 
economies of member states and the European Union.   

Even more damaging is the role central bankers, financiers, IMF, World Bank, global conglom-
erates, World Economic Forum, the bureaucracies, and bureaucrats of the sovereign states in 
NATO, the EU, and the OECD in the quixotic devotion to the IPCC’s chimerical hypothesis.  This 
disparate assembly is supporting governments in closing down all forms of use of carbon-based 
compounds, including coal and natural gas, diverting extraordinary volumes of money (many 
billions of US dollar equivalents) to the development of energy sources that do not use carbon-
based compounds.   

5.6 The IPCC ignores established science of climate dynamics  
The causes of the variations in global temperatures and sea levels over the past few decades that 
the IPCC has falsely attributed to Carbon Dioxide generated by humans’ use of carbon-based 
fuels are well known.  These causes have been documented in the scientific literature and in text-
books for over forty years.  The causes are of geophysical origin and involve interaction of geo-
physical phenomena with the Sun’s variable output and the intrinsic dynamics of the atmosphere 
and oceans (Mackey 2007, 2023; Kilifarska et al.  2021; Kilifarska et al. 2020; Sidorenkov 2009; 
Yndestad et al. 2008; Yndestad 2009; Zharkova, Valentina 2023. The anti-science, ideological 
IPCC ignores this substantial body of substantial science, and, in consequence engages in scien-
tific misconduct on a grand scale.    
5.7 A pathway out of the debacle 

The pathway has ten steps. 

The first step is to more thoroughly detail the geophysical basis for the sixty-year cycles of global 
warming and cooling.  

Over the past fifty years, geophysicists have established that the planet experiences cycles of 
global warming and cooling episodes that are repeated about every 60 years; that these cycles 
are driven by decadal variations in the rate of rotation of the Earth; that these variations result 
from oscillations of the Earth’s inner core; and that these oscillations have their origins in the 
celestial mechanics of the solar system documented by LaPlace in 1799.24 

The second step is to bring together all the science of solar physics and celestial mechanics that show 
how variations in the Sun’s output and solar system celestial mechanics contribute to the regulation of 
the Earth’s climate.  

Over the last several decades, scientists from several disciplines have published in many of 
the world’s leading scientific journals abundant evidence about the key determinants of cli-
mate dynamics.  The most significant determinant is the Sun.25   

The third step is to consolidate and test the findings of Humlum et al. (2013) and the recent findings 
of Koutsoyiannis and Kundzewicz (2020), and Koutsoyiannis et al. (2022a, 2022b) that variations in 
global temperature give rise to variations in quantities of Carbon Dioxide in the atmosphere rather 
than the obverse as is asserted (without evidence) in the IPCC doctrine.   

The fourth step is to consolidate in one place the many flaws in the IPCC’s computer simulations and 
provide a critical analysis of them.   

The fifth step is to consolidate in one place the many flaws in the IPCC processes and provide a critical 
analysis of them.   

The sixth step is to consolidate in one place the many flaws in the quality of data used by the IPCC 

 
24 This is summarised in the publications mentioned in footnote 8. See also Cazenave et al. (2023)   
25 See publications mentioned in the preceeding Paragraph 5.6, and, amongst many others, Kilifarska 

(2021) and Zharkova et al. (2023).  
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and weather/climate agencies and provide a critical analysis of them.  

The seventh step is to document the evidence of scientific misconduct practiced by the IPCC since 
1990.   

According to the U.S. Office of Science and Technology Policy (National Academy of Sci-
ences (US), National Academy of Engineering (US) and Institute of Medicine (US) Commit-
tee on Science, Engineering, and Public Policy (National Academy of Sciences 2009), 
and endorsed by the Organisation for Economic Co-operation and Development (OECD 
Secretariat (2022)), not representing in the research record accurately by the deliberate omis-
sion of scientific results, constitutes the falsification of science and is scientific misconduct.   

The IPCC does not mention in any of its many reports the vast body of research published 
over the last 50 years about the regulation of the Earth’s climate by variations in the Earth’s 
decadal rotation; it does not mention the well-documented dominant role in the regulation of 
the Earth’s climate of the Sun’s output of matter, of the Sun’s electromagnetic and gravita-
tional fields, of the Sun’s shape; and of the topological structure of the heliosphere; it does 
not mention the well-documented dominant role of the Lunar Nodal Cycle in the regulation 
of the Earth’s climate.  The IPCC has deliberately omitted reporting these scientific results 
for over thirty years, since the publication of its First Assessment Report in 1990.  In relation 
to the role of the Sun in the regulation of the Earth’s climate, the IPCC presents a partial and 
biased account of the published science of only the impact of the Sun’s irradiance on the 
climate system in order to reduce the role of the Sun to a minimum.  The IPCC deliberately 
omits the other ways in which the Sun influences the climate system, including interactions 
between these ways.   

Accordingly, the US and OECD scientific authorities would find the IPCC guilty of egregious 
scientific misconduct.   

The eighth step is to document that administratively the IPCC changes data and continues to mislead 
the public with the deceit that the actual tropospheric temperatures measured throughout the world are 
the same as the tropospheric temperatures projected by the IPCC’s computer simulations when the 
actual measured tropospheric temperatures are significantly lower and the trends noticeably different.   

The ninth step is to enable the public to recognize that the IPCC’s computer simulations are erroneous 
since they project temperatures that are too high, with the consequence that the computer simulations 
are falsified routinely, including since 1990.   

The tenth step is to terminate use of the IPCC computer simulations and use, and develop, the science 
of climate dynamics based on observation, analysis, and testable theory.   

The results of these ten steps should be presented to an international conference at which the IPCC 
would be invited to respond to the findings and analysis of each of the ten steps.   

Following the conference, the IPCC should be dismantled.   
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Appendix A  

Alfred Wegener’s PhD thesis, The Alfonsine Tables for the use by a modern 
computer    

 
From: Wielen, Roland and Ute Wielen, Ute (2017) WegenerSup.pdf (uni-heidelberg.de) 

 
The Alfonsine Tables   

 

According to Dr Mott Greene (2015), Professor Julius Bauschinger (1860 – 1934) Director of the 
Astronomisches Rechen-Institut and Professor of Theoretical Astronomy in Berlin, and Alfred 
Wegener’s dissertation advisor, directed Wegener to do the thesis about the Alfonsine tables.   

Dr Greene explained the background.  

According to DR Greene, (Greene (2015)), the distinguished American Astronomer, Professor 
Simon Newcomb (1835 - 1909), Director of the Nautical Almanac Office as well as Professor of 
Mathematics and Astronomy at Johns Hopkins University in Baltimore, had approached Profes-
sor Julius Bauschinger, Alfred Wegener’s supervior, to examine the Alfonsine Tables to obtain a 
lengthy time series of the Moon’s positions.  In 1870 Professor Newcomb found evidence show-
ing that that the Moon’s actual positions deviated from the Moon’s predicted positions, using 
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tables of the Moon’s predicted positions (the Hansen Tables) prepared by the German astronomer 
Peter Hansen (1795 -1874).   

These tables, known as Hansen’s Tables, were regarded at the time as being the most accurate 
data about the Moon’s position.  Established astronomical doctrine of the time was that the theory 
of the Moon’s orbit was complete and the position of the Moon at any time was known with great 
accuracy.  For example, The Nautical Almanac and Astronomical Ephemeris, published by the 
Royal Greenwich Observatory in England used Hansen’s Tables as did the United States Nautical 
Almanac Office.   

Dr Greene explained that Professor Newcomb was so concerned about the discrepancy he found 
between the data in Hansen’s tables and his observations that he travelled to Germany to study 
tables older than the Hansen Tables.  He found that the further he went back before 1750 the 
greater the discrepancy became.  He found a potential source of invaluable data in the Alfonsine 
Tables covering the period from 1252, the date of the coronation of King Alfonso, to sometime 
in the first half of the sixteenth century.   

However, the Alfonsine Tables were not readily accesible to a 19th Century astronomer.  They 
were in rare books held only by a few universities; they were written in a difficult form of Medi-
eval Latin using obsure phraseology of Ptolemic (Earth-centered) solar system with its immense 
geometrical complexities and obscure terminology.  Professor Newcomb found them inaccessi-
ble.   

Furthermore, Professor Newcomb was coming to the view that the very small discrepancies he 
found were most likey real, and if so, most likely arose from variations in the Earth’s rotation.  At 
the time Professor Newcomb was forming this view (1880s onward), the established astronomical 
doctrine was that the Earth’s rotation was constant.  It was the standard for time, thereby placing 
the rotation of the Earth as the standard clock in the same category as the physical standards for 
length and weight.  As a result, astronomers used the presumed fixed constant of the Earth’s 
rotation to determine all astronomical attributes of the Sun and the solar system.   

As a careful, honest scientist dedicated to discovering truth, Professor Newcomb wanted to as-
semble the longest record possible record, back to preclassical antiquity if possible, in order to 
determine the best possible pattern of the Moon’s behaviour.  The Alfonsine Tables, covering a 
period of about 300 years, and containing high quality data, was a crucial source of the data Pro-
fessor Newcomb required. 

Professor Julius Bauschinger considered Alfred Wegener a suitable scholar to present the Alfone-
sine Tables in a way accessible to astronomers of the late 19th Century.   

Professor Greene describes how Alfred Wegener went about his task, starting in September 1904.  
He examined six manuscripts to eliminate printer errors; translated the Medieval Latin into Ger-
man; converted the sexagesimal tables into decimal tables, a task involving about 9,000 hand 
calculations.  He provided extensive notes to explain how to use the tables, including worked 
examples; a detailed glossary of Medieval Latin technical terms for which there was no German 
equivalent; and diagrams to show how Ptolemic earth-centric ideas translated into heliocentric 
ideas. 

The Alfonsine Tables were named after Alfonso X King of Castile, León and Galicia from 30 
May 1252 until his death on 4 April 1284) who sponsored their creation.  They provided data in 
the form of sexagesimal numbers for computing the position of the Sun, Moon and planets relative 
to the fixed stars.  The positions of a planet are not given directly in the Alfonsine Tables as in 
modern tables, but the mean longitude is given for the epoch of the tables, which is the beginning 
of the Christian era (radix incarnationis), to which has to be added the change of mean longitude 
in the interval between the epoch and the time for which the position of the planet is required.  It 
is this quantity, which the tables supplies.  The interval elapsed since the epoch is not expressed 
in years and parts of a year, but in a The sexagesimal system.  The unit of time is a day, which is 
divided into 60 minutes, and these again are divided into 60 seconds, and so on.  On the other 
hand, the unit above a day is 60 days.  The computer has therefore, first of all, to express the date 
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in this peculiar system, which is done by a small auxiliary table, so that additional work is hereby 
thrown on his shoulders.  But, on the other hand, the use of the sexagesimal system reduces the 
number of tables required for the mean longitude of each planet to one, if only we change the 
name of the tabular quantity each time.  (In the same way we only want one table for converting 
hours, minutes, and seconds into arc, or vice versa.)  This reduced the work of copying a set of 
tables a good deal, and in the days before the invention of printing, this was an advantage worth 
considering.  It is most likely that the introduction of the sexagesimal system was simply made in 
imitation of Ptolemy, who had also divided the day into sixty minutes.  This account is based on 
Dreyer (1920).   
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Appendix B  

Euler’s rotation theorem, also known as Euler’s point theorem 
and Euler’s fixed point theorem 

Euler’s rotation theorem describes the motion of rigid bodies on the surface of a sphere.  
Considering the Earth a sphere, the movement of the rigid geological structures of which 
the Earth’s lithosphere is composed can be thought of as movements of rigid elements of 
the surface of a sphere.  The genius mathematician, Leonard Euler (1707 – 1783), exam-
ined this purely mathematical idea in 1776.  He proved that the displacement of a rigid 
element on the surface of a sphere is equivalent to a rotation of that element around a 
suitable axis that passes through the centre of that sphere.  That is to say, a rigid element 
on the surface of a sphere can be moved anywhere else on that sphere by a single rotation 
around a given axis.  Applied to the lithosphere, Euler’s rotation theorem means that all 
plate motions can be described by a rotation axis, which passes through the centre of the 
Earth and cuts the surface at two points, called the poles of rotation.  The relative motion 
of two plates then needs a pole of rotation and an angular velocity to be defined.  It means 
that the land masses could move on the surface of the Earth by a single rotation by a 
properly chosen axis.  Euler’s theorem meant that the composition of two rotations could 
be expressed as a single rotation about an axis known as the Euler axis.   
According to Professor Frankel (Vol II Section 5.16 Attempts at paleogeographies by 
Newcastle and Canberra groups), in 1958, Creer, Irving, Nairne and Runcorn (1958) 
were the first to consider the possible movement of the continents by means of the geom-
etry of a spherical surface and apply Euler’s point theorem to solve the problem of conti-
nental reconstructions.  Professor Frankel attributes the application of Euler’s theorem in 
this way to Dr. Irving, at the time a Research Fellow in the Department of Geophysics at 
the Australian National University  

Creer et al. (1958) reported26  
The problem of continental reconstructions is clarified by considering the geom-
etry of a spherical surface.  A displacement of a continent to any other position 
on the Earth’s surface may be obtained by a finite rotation about a fixed pole on 
the Earth’s surface, which is convenient to call a pivot point.  It is required to 
determine what relative continental displacements have to be assumed to satisfy 
the palaeomagnetic data…  
If pole positions for any two continents are available for more than one geological 
epoch, then a set of pivot points can be found; one for each pair of poles of the 
same age.  In general, they will not coincide.  If no relative movement between the 
continents has taken place between the earliest and latest geological periods un-
der discussion, then the loci of the pivot points for the separate periods should all 
intersect in one point.  In this case, continental drift took place since the latest 
geological period, by rotation of one continent with respect to the other about this 
point.   

  

 
26 Frankel, Vol II pp 252 – 253; op. cit. page 1.  



Richard Mackey: Lessons from the Continental Drift controversy for the IPCC debacle 

Science of Climate Change https://scienceofclimatechange.org 

 512 

The chronology after this is:  
Backus (1964).  Dr. Backus refers to the work of Dr. Irving and the paper by Sir 
Edward Bullard et al, in preparation at the time Dr. Backus wrote his short Letter 
to Nature, published on 8 February, 1964.  
Bullard, Everett, and Smith (1965). 

Morgan (1967), (1968).  
McKenzie and Parker (1967).  Professor Frankel quotes Dr. McKenzie explaining 
that Dr. Backus told him about Euler’s theorem over morning tea at Department 
of Geodesy and Geophysics, Cambridge University.27  

Le Pichon  (1968).  
According to Bullard et al. (1965): 

A contour line at the edge of a continent can be defined by the latitudes and lon-
gitudes of a set of points along it, spaced at small enough intervals for the form 
of the contour to be interpolated between them. If the two contours on opposite 
sides of an ocean are defined in this way, one may be considered to be moved over 
the surface of the Earth until it fits as well as may be to the other. By the fixed 
point theorem, usually called Euler’s theorem in this application, any displace-
ment of a spherical surface over itself leaves one point fixed; that is any displace-
ment of a contour line or of a continent may be considered as a rigid rotation 
about a vertical axis through some point on the surface of the Earth. We call this 
point the ‘centre of rotation’. The problem is to find its latitude and longitude and 
the rotation about it that gives as good a fit as possible between the two contour 
lines.   

Professor Frankel confirmed that Dr. James Everett did not know of Euler’s theorem at 
the time he was a junior scientist working with Sir Edward Bullard on the Bullard, Everett 
and Smith paper of 1965.  Dr. Everett developed an equivalent method to calculate the 
movement of continents on the spherical Earth.  Sir Edward Bullard explained to him that 
he was using Euler’s theorem when he, Dr. Everett, discussed his work with Sir Edward.28   

 
27 Frankel, Vol IV p 510; op. cit. page 1. 
28 Frankel, Vol IV pp 170 – 186; op. cit. page 1.   
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Appendix C  

Plate Tectonics 
This shows the plates of the landmasses including those under the oceans and their bound-
aries. 

 
Credit: Grotzinger and Jordan  (2014). Understanding Earth. [Plate boundaries by Peter Bird, UCLA]  
Tectonics and Structural Geology | Meeting Plate Tectonics (egu.eu)   
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Appendix D  

The geologic time spiral—A path to the past 
Geologists have evidence that the formation of the continent into one landmass followed 
by dispersal into several is cyclical.  This means that the process identifed a continental 
drift in which the unitary landmass of Pangea becomes the continental landmasses of 
today has occurred several times in the planet’s 4.5 billion year history.  This diagram 
shows the spiral of landmass development over the 4.5 billion years.   

 
By United States Geological Survey - Graham, Joseph, Newman, William, and Stacy, 
John, 2008, The geologic time spiral—A path to the past (ver. 1.1): U.S. Geological Sur-
vey General Information Product 58, poster, 1 sheet. Available online at 
http://pubs.usgs.gov/gip/2008/58/, Public Domain, https://commons.wikimedia.org/w/in-
dex.php?curid=5597404   
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Appendix E  

Professor Watkins’ Letter  
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Appendix F  

Tunnel vision in science  
Professor Frankel found that tunnel vision, the capacity to look only at one’s area of aca-
demic study and nothing else, was one of the social dynamics that kept the theory of 
continental drift in the backwaters of science for about 50 years.  Tunnel vision is the 
obsession with a scientist’s singular field coupled with the inability to find merit in any-
thing outside that field.  

 
Frankel (2012): The Continental Drift Controversy (4 volumes), Vol. I, Wegener and 

the Early Debate page 550; Cambridge University Press; 2012.   
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Climate: Man or Nature? 
A Contribution to the Discussion 

Eike Roth 
Klagenfurt, Austria 

Abstract 
From a purely logical perspective, humans can only be the main cause of the ongoing warming if 
two preconditions are met: CO2 must have a strong climate impact and the large amount of CO2 
in the atmosphere must primarily be anthropogenic. However, the fulfillment of both 
preconditions is scientifically controversial.  

Controversy regarding the strength of the climate impact of CO2 stems primarily from this being 
a quantitative question with many uncertain assumptions that everyone makes differently. This 
leads to results and consequences ranging from "harmlessly small" to "catastrophically large". A 
resolution of this dissent is not in sight. 

Controversy regarding the primary origin of CO2 is less about quantitative aspects but more about 
the fundamental assessment of the behavior of CO2. 

In this paper, an assessment of the behavior of CO2 is made, based on elementary physical 
quantities and principles. Different viewpoints are taken into consideration, but results stay the 
same: The increase in atmospheric CO2 is most likely predominantly due to increased emissions 
from natural sources with only a minor contribution from anthropogenic emissions. The popular 
thesis "It's all man-made" is challenged and a careful review is urgently required. 

If the predominantly natural origin of the large amount of CO2 is confirmed, then there are 
logically only two possibilities left: Either climate is primarily dependent on CO2, then it is 
primarily dependent on natural CO2. Or, other climate influences predominate, then CO2 only 
plays a minor role, regardless of its origin. In both cases, nature is stronger than man and it makes 
no sense to reduce or even stop anthropogenic CO2 emissions for climate protection reasons! We 
could concentrate on more urgent tasks. That is why the question of the origin of all the CO2 is so 
important. The intention of this paper is to contribute to an in-depth discussion. 

Keywords: Carbon cycle; global warming; CO2-budget; CO2 residence time; anthropogenic 
emissions.  
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1. Introduction 
Climate has always changed, and it will continue to do so. Nowadays, temperatures are rising 
again. This climate change differs from previous ones in that this time humankind could be the 
cause through its CO2 releases. Whether this is the case is examined in this paper.  

For this purpose, Fig. 1 shows the development of the CO2 concentration in the atmosphere and 
the globally averaged air temperature close to the ground from 1880 to the present day. The scales 
are chosen so that the curves can be compared as easily as possible. Superficially, there seems to 
be a relatively good agreement, which might justify a cause/effect relationship (CO2 determines 
the temperature - or vice versa?). In detail, however, there are also considerable deviations, which 
rather speak against such a relationship. The roughly similar course of the curves could also just 
be a coincidence (or the result of a completely different common cause). What applies? This paper 
attempts to clarify the issue. 

But prior to that an important comment on the CO2 concentration in Fig. 1 is necessary: This 
figure shows the "usual" CO2 curve, as it can be found in almost all publications on the climate 
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problem, with a continuous increase since 1880 (and before that, not shown here, a constant value 
of approx. 280 ppm for thousands of years). However, the course of this curve is largely 
undisputed only from 1958 onwards, when a new spectroscopic measurement method with 
considerably improved accuracy was introduced. Prior to that there is controversy: In this period, 
the curve shown in Fig. 1 is based exclusively on proxy data, particularly reconstructions from 
ice cores. Direct measurements using chemical methods, which show a completely different 
picture, are not considered. Among others, Beck (2022) analyzed almost 100000 individual 
measurements in detail and found strong fluctuations, with values in the 19th century and around 
1940 similarly high as today. Engelbeen (2023) criticizes this evaluation as erroneous and cherry-
picking, Harde (2023) confirms particularly the high values around 1940, and Fiedler (2023) 
shows that around the midst of the 19th century values around 400 ppm were the generally 
accepted state of knowledge. An end of the controversy is not in sight. This paper conservatively 
uses the "usual" curve as shown in Fig. 1. However, it should be explicitly pointed out that if the 
chemical measurements of that time were more accurate than the reconstructions from proxy data, 
the climate problem would differ strongly. 

 

 
Fig. 1: CO2 and temperature in the atmosphere from 1880 to 2021:Green: CO2 concentration in 
parts per million (ppm), blue: Globally averaged air temperature near the ground in °C (anomalies 
to the initial value, more precisely to the average of the years 1881-1910). Source: Climate 
Central, Climate Matters, May 4, 2022, “Peak CO2 & Heat Trapping Emissions”. 

 

Since the start of the Industrial Revolution, three changes have undeniably taken place: 

• Humans have started to release large amounts of CO2. 
• The concentration of CO2 in the atmosphere has increased significantly. 
• The temperature has increased by a little more than 1 °C. 

Thank God, some say, because in their opinion life has become much more comfortable as a result 
of warming, and because the global food supply has been improved substantially, not least due to 
the large amount of CO2 in the atmosphere (“CO2 fertilization”, e. g. Scinexx 2016; Zhu et al. 
2016). 

Bad, say others, because they think they can already see more extreme weather events and they 
expect truly catastrophic climate changes in the future if we don't completely stop our CO2 
emissions as soon as possible ("net zero").  

These different opinions are only mentioned here because they contribute to the overall picture of 
"scientifically open “, but they will not be discussed further. Rather, the central topic here is the 
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elementary question of the entire climate discussion: What is the definitive cause of the warming 
that has already occurred and could possibly still be expected? Is it mankind, or rather nature? 

Commonly, this is regarded to have been clarified at length: it is clearly mankind with its CO2 
releases, so they say. Of these releases, half would remain in the atmosphere long-term, increasing 
the concentration and, consequently, the temperature. However, this can only be true if two 
essential preconditions are met: 

• First: CO2 must have a strong impact on climate! 
• Second: The large amount of CO2 in the atmosphere must have been released by 

humankind! 

Even if only one of these two preconditions is not met, humankind cannot be predominantly 
responsible for the climate! Are they met or not? Contrary to popular belief, this is scientifically 
open in both cases! If one takes a closer look, dissent exists and is plausible in many cases.  

Regarding the climate impact of CO2, there is a very large and constantly growing number of 
scientific papers that only attribute a minor role to CO2 in climate events. Instead, other influences 
would be more significant. The sun is typically cited for this, but often also internal variabilities 
and other factors are quoted. 

In the opinion of the author of this paper, however, nothing has been decided yet, the science is 
clearly at odds! Only to the general public is it presented differently: the science is said to be 
settled, even though science never really settles. And in the case of the climate impact of CO2, it 
gets increasingly difficult to hide the existing dissent, because of the increasing number of 
opposing statements. But it doesn't matter, whether this dispute is held publicly or only within the 
sciences. Because the question of "climate impact" of CO2 is a very complex question that can 
only be answered with complicated calculations and on the basis of uncertain assumptions (e.g. 
about the effects of water vapor and clouds), a timely end to the dispute is uncertain. Opinions 
don't tell much (everyone has their own!), only time will tell which one is more correct. Only the 
existing dissent is certain!  

Regarding the large amount of CO2 in the atmosphere, the essence of the debate differs: Doubts 
about the anthropogenic origin are raised only rarely and have therefore only been discussed very 
little up to now. Publicly, this dissent almost does not exist at all, but in science, it clearly does 
exist (e.g. Andrews 2023; Andrews 2023A; Berry 2019; Berry 2021; Berry 2023; Berry 2023A; 
Harde 2019; Harde et al. 2021; Mueller 2023; Pollard 2022; Roth 2023; Salby et al. 2021A; Salby 
et al. 2021B; Schrijver 2022; Stallinga 2023). And because "skeptics" very well quote physically 
plausible arguments (see below), and because the subject is factually not quite as complex and 
untransparent as that of the climate impact of CO2, an agreement is perhaps easier to achieve here. 
Only time will tell. In any case, this paper aims to make a contribution to an in-depth discussion.  

 

2. The Origin of the Large Amount of CO2 in the Atmosphere 
To make the scientific dispute more understandable, the main reasons for the doubts about the 
anthropogenic origin of the large amount of CO2 in the atmosphere should be explained and 
discussed in more detail: 

2.1 Basics 

2.1.1. Inert gas 

CO2 within the atmosphere behaves like an inert gas. Except for minimal amounts, no CO2 is 
produced or lost in the atmosphere. The concentration in it therefore only ever changes according 
to the (momentary) difference between release and removal (each calculated as the sum of all 
sources, or, accordingly, all sinks): If more CO2 is released into the atmosphere than is removed 
from it, the concentration rises precisely by the difference, if less is released than removed, 
concentration sinks precisely by the difference.  
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2.1.2. Removal increases with concentration 

The removal of CO2 from the atmosphere (number of molecules per second) principally increases 
with increasing concentration in it (and decreases with decreasing concentration) and it is 
generally independent of whether and how much CO2 is released into the atmosphere 
simultaneously. That's just required by physics. (Caution: Often there is no clear distinction 
between "removal", which is the absolute number of CO2 molecules removed per second, and 
"net removal", which only gives the difference to the CO2 molecules released at the same time; 
unless otherwise stated, the “removal” is generally meant here in this paper). 

2.1.3. Stabilization 

As a result of item 2.1.2, whenever the release occurs at a constant value, the concentration adjusts 
itself to that level, where removal is the same as release. Then, there is equilibrium. Fig. 2 
illustrates this. 

That concentration adjusts itself to the value at which outflow equals inflow is not only required 
by physics (as a consequence of the removal increasing with concentration!), but it is probably 
also a necessary requirement for all life on earth: otherwise, there would probably not be a stable 
atmosphere, because CO2 concentration would run away after the slightest disturbance! The self-
stabilization of the atmosphere (decoupling of concentration from emissions via adjusting outflow 
to inflow) can therefore be regarded as sufficiently proven. 

2.1.4. Historical data 

Before the beginning of the industrial revolution, such a situation prevailed. Input and output were 
approximately 80 ppm/y and concentration settled at 280 ppm/y (e.g. IPCC 2021; ppm = parts 
per million, 280 ppm are 0.028%). 

Since then, anthropogenic releases have been added. These have grown from initially very low 
values up to about 5 ppm/y today (this is about 5% of natural releases; Fig. 4). In this period, 
concentration has increased to about 420 ppm (e.g. IPCC 2021). 

 

 
Fig. 2: For illustration: In a water tank with inflow from above and outflow through a hole in the 
bottom, the water level always adjusts itself to the one value, where outflow equals inflow. And the 
atmosphere behaves analogous: The CO2-concentration adjusts itself to the one value, where 
outflow equals inflow. 

2.1.5. Interim findings  

Items 2.1.1 to 2.1.4 appear to be clearly correct and are probably not seriously questioned. 
However, it follows logically mandatory from item 2.1.3 that a reduction of anthropogenic 
releases to zero is not necessary. Not necessary, because, if anthropogenic releases are frozen at 
a fixed value (e. g. today's), concentration tends towards a stable value, that value, where outflow 
equals inflow. This is correct at least, when only anthropogenic releases are responsible for the 
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increase in concentration, as the IPCC assumes. This state would be stationary and theoretically 
it could be maintained indefinitely without concentration (and potentially also temperature) 
continuing to rise, despite ongoing releases. 

However, this poses serious consequences: IPCC claims that a "fixed CO2 budget" exists, which 
is „the maximum amount of cumulative net global anthropogenic CO2 emissions that would result 
in limiting global warming to a given level” (IPCC 2021, Glossary). The "fixed CO2 budget" is 
often used as the basis for far-reaching assessments and decisions in the field of climate 
protection. But due to the described effect of self-stabilization of the atmosphere, a “fixed CO2 
budget” cannot exist, and all these assessments and decisions lack justification. 

This result alone sets the entire climate problem in a completely different light: supposedly 
reliable findings suddenly hang in the air without any justification! 

2.2 Core arguments 
2.2.1. All molecules are the same  

Because all CO2 molecules are the same regardless of their origin, they must all behave the same 
way. And because removal of CO2 from the atmosphere does not remain constant, but increases 
with increasing concentration (item 2.1.2), all sources contribute to the concentration according 
to their respective strength of releases. If the anthropogenic releases account for only about 5% 
of natural releases (item 2.1.4), then they can only have increased the concentration by about 5% 
(at equilibrium, less before; but see also section 2.4). There can be no disproportionately higher 
contribution from any source! 

2.2.2. Increased releases from natural sources 

In reality, concentration has increased by 50%, from 280 ppm in the past to 420 ppm today. In 
order to reach and maintain this value, the total releases into the atmosphere must have increased 
by 50% too! This means that releases from natural sources must have increased almost 10 times 
more than anthropogenic releases have been added! If natural releases were constant and 
anthropogenic releases increased the way they have, concentration wouldn’t even have reached 
300 ppm. For possible sources of increased natural releases, see section 2.4. 

The same result of a significantly increased release from natural sources can also be obtained by 
a slightly different approach: The concentration in the atmosphere (the only value that is really 
measured!) can be used to calculate the level of removal (see below). From the change in the 
concentration, then it can be calculated which release must have taken place simultaneously, so 
that the concentration could have developed in exactly the way it did. In detail: 

The rules of physics not only require that gross removal (not net removal!) of CO2 from the 
atmosphere depends on the concentration in the atmosphere (item 2.1.2), but they also make it 
possible to quantify the amount of removal: Because removal takes place primarily via diffusion 
processes, in principle it must be proportional to the absolute concentration. In reality, however, 
this is probably only an approximation, because only "primarily" diffusion processes work 
(counterexample: CO2 removal from the atmosphere through rain, but this could also be 
approximately proportional to the concentration), and because even in diffusion processes other 
influences may have some influence.            

So, for example, in the case of biomass as a sink, the growth of plants not only depends on CO2 
concentration in the atmosphere (photosynthesis is executed via diffusion processes!), but also on 
the availability of water and nutrients. However, since plants grow well where they have enough 
water and nutrients (and therefore also remove a lot of CO2 from the atmosphere there!), and since 
they also need less water when the CO2 concentration is high (because their evaporation losses 
are smaller as a result of narrowed stomata), this dependency on availability of water and nutrients 
should not result in a major deviation from proportionality in the real world. Furthermore, 
proportionality to concentration probably also applies where other parameters already exert some 
influence, if these other parameters are kept constant. In addition, it must also be taken into 
account that the biomass has significantly increased (Scinexx 2016; Zhu et al. 2016), and therefore 
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it also removes more CO2 (and then inevitably it returns more CO2 too). Regarding biomass, 
proportionality should therefore be at least a reasonable approximation.  

The situation is similar with the second major sink, the ocean: In principle, the number of CO2 
molecules that go into solution per second is proportional to the concentration in the atmosphere 
(diffusion process!), but because of chemical transformations of the dissolved CO2 this is valid 
only approximately in this case too: most of the CO2 dissolved is converted into carbonate and 
bicarbonate, which do not contribute to the CO2 partial pressure (the so-called "Revelle effect"). 
If the ratio between these chemical forms were constant, it would not have any further influence 
on the proportionality. But in reality, it is not constant, rather it changes slightly with 
concentration. Therefore, the proportionality between concentration and removal is only 
approximate for the ocean too. (To clarify: the Revelle effect has a very significant influence on 
the amount of carbon that is stored in the ocean water (in different chemical forms), but it only 
slightly influences the proportionality of the CO2 exchange rate to the concentration, which is 
what matters here).  

At least approximate proportionality therefore applies to both sinks, the removal by dissolution 
in ocean water and by photosynthesis in plants. But the question here is not proportionality per 
se, but rather whether the 5% anthropogenic releases alone are sufficient to increase the 
concentration by 50%, or whether considerable additional sources are required for this. And 
because both sinks are so strong, it is clearly sufficient for the latter if even only one of the two 
sinks is approximately proportional. However, since these two processes are physically 
completely different, and since they occur independently of one another (the only interconnection 
between the two is the atmosphere as a part of both processes), there must be a substantial error 
in both assessments for the releases from natural sources to have remained constant or increased 
only slightly, which is extremely unlikely. In any case, a deviation large enough to fully 
compensate for the above-mentioned factor of 10 is hardly imaginable. If no physical process can 
be defined that explains a significantly disproportionate effect of the anthropogenic releases under 
realistic conditions, significantly increased releases from natural sources are logically mandatory 
(see also section 2.4)!  

2.2.3. Interim findings  

Items 2.2.1 and 2.2.2 show very clearly the necessity of significantly increased releases from 
natural sources in order to explain the high concentration observed in the atmosphere. Therefore, 
almost certainly, the climate problem is very different from how it is usually perceived! 

2.3 Supporting arguments                     
2.3.1. Continuously high increase  

Another strong argument for significantly increased releases of CO2 from natural sources (item 
2.2.2) is the continuously high increase in the atmospheric concentration (Figs. 1 and 3). If the 
atmosphere were a closed reservoir with only anthropogenic releases as a connection to the 
outside, then these releases would remain in the atmosphere completely, and the concentration 
would correspondingly increase faster than observed (and it would also, contrary to item 2.1.5, 
continue to increase as long as there are anthropogenic releases!). However, since the 
concentration is growing slower than would be expected as a direct result of the anthropogenic 
releases, CO2 must be removed from the atmosphere. Thus, the atmosphere is not a closed 
reservoir! And because removal is greater the higher the concentration is (items 2.1.2 and 2.2.2), 
concentration cannot continually increase faster than releases increase! The additional supply of 
CO2 would simply not be sufficient for that. 

In more detail: In the last 60 years, concentration in the atmosphere has grown ever more rapidly. 
From year to year, it has grown a good 2 % faster than in the previous year: the slope has increased 
from approx. 0.7 ppm/y in 1960 to approx. 2.5 ppm/y in 2020 (Fig. 3). In contrast, the 
anthropogenic releases have grown considerably slower over a similar period. Their growth 
increased only under 1 % annually: the slope has increased from approx. 0.048 ppm/y in 1950 to 
approx. 0.085 ppm/y in 2010, and in the last decade, they have grown even slower (Fig. 4, note 
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the different scales)! Such slowly growing releases cannot explain the much faster growth of 
atmospheric concentration, as long as removal is concentration-dependent! The mass balance just 
wouldn’t add up otherwise. And since no CO2 is produced in the atmosphere (item 2.1.1), there 
must be another source emitting CO2 into the atmosphere, which in turn is growing rapidly, even 
much faster than anthropogenic releases. Releases from natural sources must therefore not only 
be larger than anthropogenic releases (section 2.2), but they must also grow faster than them! The 
anthropogenic releases alone just do not suffice. 

 

 

Fig. 3: Monthly CO2 concentration, Mauna Loa, Hawaii, 1958-2022; Source: Wikipedia, Data: Dr. Pieter 
Tans, NOAA/ESRL (https://gml.noaa.gov/cogg/trends/) and Dr. Ralph Keeling, Scripps Institution of 
Oceanography (https://scrippsco2.uscd.edu). Accessed 2023-12-15 https://w.wiki/4ZWn. 

This is often contradicted by arguing that the anthropogenic releases have been and are 
continuously twice as large as the CO2 inventory in the atmosphere is growing, so they could very 
well be solely responsible for the increase. However, this argument overlooks the dependence of 
removal on concentration (item 2.1.2): Because removal increases with increasing concentration, 
concentration cannot continuously rise faster than releases rise, because the additional supply of 
CO2 will not be sufficient. If concentration were to rise faster, another source must contribute!  

2.3.2. Seasonal cycles 

Another supporting observation are the seasonal cycles of concentration. These cycles are caused 
by seasonally fluctuating photosynthetic performance and decay of plants with significantly larger 
land areas in the northern hemisphere than in the southern hemisphere. Figure 3 shows the 
seasonal cycles superimposed on the long-term increase of concentration. The seasonal cycles 
show an amplitude of approximately 6 ppm. These cycles contradict the possibility that the 
increase in the concentration was caused by a limited capacity of the sinks, as the IPCC sees it 
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(IPCC assumes that the sinks can absorb only half the amount of anthropogenic releases). In 
reality, the sinks simply take CO2, from wherever it had entered the atmosphere, and if they are 
offered more, then they take more! All sinks must treat each CO2 molecule the same since all CO2 
molecules are the same, and therefore they behave the same! There can be no different treatment 
depending on the origin of the CO2. Saturation of the sinks can be ruled out, because otherwise 
atmospheric concentration, which is increased every seasonal cycle, could not be lowered again! 
The overall greatly increased concentration is therefore probably not the result of small additional 
releases together with limited sinks (as IPCC sees it), but rather the result of greatly increased 
releases together with well-acting sinks! 

Supplement: According to the IPCC, the sinks have been removing more and more CO2 from the 
atmosphere over time: In addition to the previous (and according to the IPCC unchanged) 80 
ppm/y (item 2.1.4) comes half of the anthropogenic releases. Today, this equals an additional 
removal of 2.5 ppm/y. Therefore, the IPCC attributes the sinks the potential to easily take up that 
much. Consequently, at least as long as anthropogenic releases still were below 2.5 ppm/y (until 
around 1970, Fig. 4), the concentration should only have increased minimally because the sinks 
were not yet saturated. However, even in those days’ concentration increased considerably (Fig. 
1), so the IPCC’s view cannot be correct. The introduction of a much stronger source easily solves 
the problem. 

 

 
Fig. 4: Global anthropogenic CO2 emissions 1850-2021 (conversion: 7.8 billion t CO2 per year = 
1 ppm CO2 per year). Source: Hannah Ritchie, Max Roser and Pablo Rosado (2020) - "CO₂ and 
Greenhouse Gas Emissions". Published online at OurWorldInData.org. Retrieved from: 
'https://ourworldindata.org/co2-and-greenhouse-gas-emissions' [Online Resource]. 

Supplement to the allegedly constant "natural 80 ppm/y": IPCC apparently assumes that the pre-
industrial equilibrium of fluxes has remained unchanged, and that it is only superimposed by the 
anthropogenic releases, which can be considered separately (and which, according to the IPCC, 
alone caused all the changes!). But that can't be correct, because the pre-industrial equilibrium 
came about just because removal is dependent on concentration (item 2.1.2). If the concentration 
changes, then the balance necessarily shifts! But not because of the anthropogenic releases, but 
because of the increased concentration! Rationale: If other releases had decreased to the same 
extent simultaneously, then anthropogenic releases would have only just compensated for that, 
without any overall effects arising! As long as the concentration is increased, there is no return to 
the previous equilibrium, not even if the anthropogenic releases were reduced to zero, because 
the boundary conditions have changed and simply would not allow such a return. And it is not 
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only the enhanced concentration, but also the general warming, whatever the reason, that have 
shifted the equilibrium explicitly. And finally, the atmosphere has no memory for any previous 
equilibrium, it only knows the current boundary conditions. All of this proves that the idea of a 
constant natural equilibrium cannot be true!  

2.3.3. The last 10 years and COVID 

For about 10 years, the anthropogenic releases have been growing noticeably slower than before 
(Fig. 4), perhaps a consequence of global efforts to reduce CO2. If these releases were to determine 
concentration, a slowdown should also be evident in the concentration curve. However, this is 
clearly not the case, see Fig. 3. Likewise: Due to the COVID lockdown, the anthropogenic CO2 
releases temporarily even fell sharply in 2020 (Fig. 4, by 17% at peak!). That should be noticeable 
as a clear dent in the concentration curve. However, this is not the case, see Fig. 3. This also 
contradicts the view that the anthropogenic releases dominate the concentration. 

2.3.4. IPCC’s numbers 

A confirmation of significantly increased CO2 releases from natural sources can also be found in 
IPCC’s own numbers: According to Fig. 5.12 in IPCC (2021), releases from natural sources into 
the atmosphere have increased by (converted) approx. 23 ppm/y, almost 5 times as much as 
anthropogenic sources amount to! Sadly, IPCC ignores its own numbers in their text and explains 
the concentration increase solely by long-term retention of half of the anthropogenic releases (not 
the individual molecules, but the corresponding amount of CO2). According to the IPCC, this 
separation of anthropogenic CO2 into two halves always occurs (constant "airborne fraction"!), 
regardless of the level of the anthropogenic releases and regardless of the concentration that has 
already been reached (for the future, however, the IPCC fears that the airborne fraction will 
increase due to a possible overburdening of the sinks). However, the IPCC does not give a 
physical explanation for this behavior of CO2, nor does the IPCC discuss the discrepancy to its 
own numbers. There is great need for clarification!  

 

 
Fig. 5: The 14CO2 concentration in the atmosphere: measurements at Vermuntsee (Black), Austria 
and at Jungfraujoch, Switzerland, at Baring Head, New Zealand (Red); Source: NASA. After the 
test ban agreement, the concentration fell very quickly and almost completely back to the starting 
level. The same must apply to any increased concentration if the increased release responsible for 
it is terminated again. 

 

Supplementary remark: The numbers in Fig. 5.12 in AR 6 also confirm in principle the 
proportionality between concentration and removal from the atmosphere as it is claimed in this 
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paper. This proves proportionality to be the correct interpretation of physics. IPCC does not 
elaborate this in AR 6 either. 

2.3.5. 14CO2 

There has not been a sustained decline in CO2 concentration for many millennia. Therefore, there 
are no corresponding observations. But there are such observations with a special form of CO2: 
14CO2. Its specialty is radioactivity with a half-life of approximately 6000 years, which allows it 
to be distinguished from "normal CO2". Chemically, both forms behave in the same way. 14CO2 
occurs in a very small percentage in the atmosphere naturally. It was produced anthropogenically 
by the above-ground atomic bomb tests in such quantities as to increase the concentration 
significantly (Fig. 5). After the test ban agreement in 1963, anthropogenic releases were largely 
stopped. Subsequently, the 14CO2 concentration has almost completely returned to its natural 
starting level with a constant time constant of only approx. 15 years (Fig. 5). 

Clearly, the long-term remainder of 14CO2 in the atmosphere is not half of the anthropogenic 
releases! Rather, practically all of it has been removed by now. Chemically, “normal CO2” cannot 
behave differently than 14CO2. This means, that the high increase in concentration of 50 % (Figs. 
1 and 3) cannot be reached without substantial additional releases! 

The strikingly large fluctuations in the concentration of 14CO2 in the first years after the test ban 
agreement, see Fig. 5, are due to subsequent seasonal delivery of 14CO2 from the stratosphere, 
where it was predominantly produced, to the troposphere, where it was measured. Only after these 
subsequent deliveries are largely completed does "undisturbed" dilution occur, particularly by 
storage in the deep ocean. For more detail on the time response, see the discussions in section 2.4. 
Here, just the hint that the same dilution must apply to any pulse-elevated concentration in the 
atmosphere, regardless of its isotopic composition. 

2.3.6. Interim findings 

The argumentations in items 2.3.1 through 2.3.5 strongly support the central statement that the 
releases from natural sources must have increased considerably for the concentration to have 
been able to increase as much as was measured (and that these releases still have to be strong 
now, because otherwise the concentration would have dropped again for a long time). It remains 
to be investigated where this increase comes from or could come from. This is done in section 
2.4. 

A small note beforehand: In section 1 it was pointed out that, according to some researchers, the 
CO2 concentration was already fluctuating strongly before human intervention and was similarly 
high in the middle of the 19th century and around 1940 as it is today.  Even if this is confirmed, 
it only confirms the variability of natural sources and does not eliminate the need to consider how 
this variability can be explained. This is the purpose of section 2.4. 

2.4 Possible sources 
2.4.1. General considerations 

The global warming has indisputably contributed to the increase of CO2 in the atmosphere, 
whatever its source: As a result of the temperature-dependent solubility of gases in liquids, more 
CO2 has inevitably been outgassed from the ocean, and biomass has also undoubtedly increased 
its CO2 exchange with the atmosphere with increasing temperature. In addition, biomass has 
increased its mass considerably as a result of fertilization with CO2 (Scinexx 2016; Zhu et al. 
2016), which further increases CO2 exchange with the atmosphere. By how much this has 
increased the total release is difficult to say, also because this depends not only on the average 
temperature, but also on its areal distribution, and also on many other influencing variables. But 
at least a considerable contribution from warming is probably undeniable. 

Other candidates for the cause of increased atmospheric concentration are e. g. relocations of 
ocean currents with different carbon content and volcanic outgassing. Since these processes are 
only superficially scientifically known, quantifications are hardly possible here. 
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An interesting observation was put forward for discussion in Pollard (2022): Freshwater 
ecosystems could release up to six times as much CO2 into the atmosphere as humans do by 
burning fossil fuels. This paper was retracted by the Chief Editor of Frontiers in Environmental 
Science and the Editor-in-Chief of Frontiers due to suspected methodological errors and 
limitations. The author did not agree to the retraction. It remains to be seen how the discussion 
will continue. 

2.4.2. Feedbacks in the Carbon Cycle 

Other possibilities for increased releases from natural sources are feedbacks, i.e. consequences of 
releasing additional CO2 into the atmosphere on other carbon fluxes in the system. In climate 
science, a distinction is made between the "long-term" (or "geological") and the "short-term" (or 
"biological") carbon cycle. The "long-term" cycle also includes processes such as sedimentation 
and weathering of rocks and plate tectonic processes, which occur on time scales of millions of 
years and longer and therefore do not play a role in current climate discussions. In contrast, the 
"short-term" cycle describes exchange processes between the atmosphere and the biosphere or 
the ocean that occur on time scales of days to several millennia. These are relevant for climate 
discussions. 

However, to discuss the development of the CO2 concentration in the atmosphere in more detail, 
it is proposed in Roth (2021) to divide the "short-term" carbon cycle even further: into fast-
running processes with time scales of days to decades, summarized in this paper as the "small 
cycle", and into longer-term processes, called in this paper the "large cycle" (see Fig. 6). The 
rapid processes include all intensive CO2-exchanges between the atmosphere and the near-surface 
ocean layer (about 50 to 100 m thick, well mixed by wind and waves, including all living 
organisms in it, sunlit (photosynthesis!), carbon exchange with the atmosphere on the one hand 
and with the deep ocean on the other hand), and all similarly intensive exchanges between the 
atmosphere and short-lived terrestrial biomass, such as annual plants, leaves, needles, etc. The 
"large cycle" then includes the slower exchanges with the deep ocean and with long-lived 
terrestrial biomass, such as long-lived woods, humus, peat, etc., and with permafrost.  

 

 

Fig. 6: Schematic diagram of the carbon cycle. In the first stage, all CO2 released into the atmosphere 
is rapidly distributed evenly in the "small cycle" (summarized in the ellipse). Then, in the second stage, 
carbon is more slowly removed from this "small cycle" into the long-lived terrestrial biomass and into 
the deep ocean ("large cycle"). As a result of the long storage time in the last two reservoirs mentioned, 
absorption in them and return from them are decoupled for long periods of time (indicated by the 
dashed red lines).  
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When CO2 is released into the atmosphere, it is very quickly (within a few months!) evenly 
distributed within the atmosphere by wind and weather. The atmosphere therefore practically 
always and everywhere shows the same concentration (the same CO2 partial pressure). Only this 
well-mixed atmosphere reacts with its partners. 

Note: This is generally true, but there are considerable local and temporal deviations in 
concentration, e. g. depending on the time of day, on wind- and weather-conditions, etc. This is 
not important for the considerations here, here only the so-called “background concentration” 
plays a role, which balances these local/temporal fluctuations, but it is very important for the 
interpretation of punctual measurements of the concentration, see the statement to corresponding 
discussions on the historical course of the CO2 concentration in section 1.  

CO2 is removed from the (well-mixed) atmosphere in a two-stage process: First, equal distribution 
is established within the "small cycle". Second, this "small cycle" interacts, like a united larger 
reservoir, within the "large cycle" with the deep ocean and the long-lived terrestrial biomass (Fig. 
6). Let us start with the first stage: the most important characteristic in it is the intensive exchange 
of CO2 between the atmosphere and its partners: about a quarter of the CO2 inventory of the 
atmosphere is exchanged annually (item 2.1.4), in first approximation in equal parts towards the 
terrestrial biomass and towards the near-surface ocean layer. This high exchange forces the near-
surface ocean layer to match the CO2 partial pressure of the atmosphere everywhere! And this 
partial pressure is the same everywhere on earth, see above. The temperature-dependent solubility 
of gases in liquids leads to areas of high concentration in cold water and areas of low concentration 
in warm water all at the same partial pressure! Roughly speaking, the cold ocean water near the 
poles absorbs CO2 from the atmosphere and the warm ocean water near the equator releases CO2 
into the atmosphere.  

Terrestrial biomass behaves similarly. However, because biomass strictly speaking has no CO2 
concentration, as it stores carbon exclusively in other chemical compounds, its behavior is very 
complicated. A sufficient approximation is that of a reservoir with a given CO2 concentration, 
which, at equilibrium, must be the same as that in the atmosphere. During the growing season in 
spring and summer, much CO2 is taken from the atmosphere, and in fall and winter, much CO2 is 
returned by decaying leaves, needles, and grasses. In equilibrium, the two effects balance each 
other out over the year. 

In order to better quantify the exchange processes within the "small cycle" and then also those 
between it and the deep ocean or the long-lived biomass, a stepwise approach is chosen: First, the 
processes within the “small cycle”: When the assumption is made that the two reservoirs "short-
lived terrestrial biomass" and "near-surface ocean layer" are much smaller than the atmosphere, 
even very small amounts of CO2 taken from the atmosphere would increase the concentration in 
them considerably. Subsequently, the same amount of CO2 received would be emitted back to the 
atmosphere after a short time! With increased concentration in the atmosphere, they would take 
out more, but they would also give back more, to the same extent and only minimally delayed. 
Such small reservoirs can be practically neglected. With them, the "small cycle" would simply 
behave as if it consisted of the atmosphere alone. Practically all additionally released CO2 would 
remain in the atmosphere and increase the concentration in it accordingly (the interactions in the 
"large cycle" are not considered at first)!  

If the two reservoirs “short-lived terrestrial biomass” and “near-surface ocean layer” were larger, 
they would play an independent role. If, for example, they had the same size as the atmosphere, 
then they would absorb half as much CO2 as is released additionally into the atmosphere 
(whatever its origin), and the same amount would remain in the atmosphere. This is exactly the 
scenario IPCC assumes for anthropogenic releases. As a result of the high exchange rates this 
distribution would proceed very fast, equilibrium would be reached at the latest within a few years 
(the "small cycle" always moves very close to equilibrium!).  

But equally sized reservoirs are rather unlikely under real earth conditions. The actual size of the 
reservoirs can only be given under arbitrary assumptions: Regarding the near-surface ocean layer, 
what is the best choice of its thickness? 50 m, 100 m, or 200 m? IPCC (2021) gives an inventory 
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of 900 Gt C for this layer. However, because of chemical transformations in seawater, most of 
this carbon is in the form of carbonate and bicarbonate, which do not contribute to the CO2 partial 
pressure (see also item 2.2.2). Therefore, the CO2 content in this layer is much smaller than in the 
atmosphere, but the total carbon content in the layer is large.  

Regarding the terrestrial biomass, there is a different problem: IPCC (2021) does not distinguish 
between short-lived and long-lived but gives values only for both combined: 1200 Gt C for 
“permafrost”, 450 Gt C for "vegetation" and 1700 Gt C for "soil" (essentially humus). These 
values, according to IPCC (2021), have not changed since 1750. What fraction of vegetation do 
long-lived woods make up? How much carbon do permafrost and soil exchange "rapidly" with 
the atmosphere? The author of this paper has found no data on this in the literature. For the 
atmosphere, IPCC (2021) gives 591 Gt C (before the beginning of industrialization, today it is 
870 Gt C).  

All together the "equal size" of reservoirs in the "small cycle" seems possible but would be pure 
coincidence. However, the exact value of these sizes is not important, as carbon is also removed 
from the “small cycle” into the deep ocean and into the long-lived terrestrial biomass (see below) 
in any case.  Therefore, even with the same storage size in the "small cycle" a completely different 
result emerges altogether than assumed by IPCC. 

The second step is the transfer of carbon from the "small cycle" into the deep ocean and into the 
long-lived terrestrial biomass. Even when taking the correct size of  the reservoirs in the "small 
cycle", there is a quantitative problem: the amount of exchange between the "small cycle" (more 
precisely, the near-surface ocean layer) and the deep ocean is given inconsistently by IPCC: For 
many years, IPCC gave numbers close to 50 ppm/y (IPCC 2007, IPCC 2013, latest draft "Final 
Government Distribution" of IPCC 2021). However, in the final report IPCC (2021), Fig 5.12, 
numbers close to 130 ppm/y are given, which is more than twice as much as before (in each case 
converted with 2.13 PgC/y = 1 ppm CO2 per year)! There is no reasonable explanation for this 
surprising jump (at least the author of this paper could not find one). However, the tremendous 
change makes it clear that we still do not know everything for sure in the carbon cycle! And 
concerning transport into the terrestrial biomass, IPCC (2021) does not distinguish between short-
lived and long-lived biomass, but only gives a total of 52 ppm/y (before the industrial age, for 
today, IPCC gives 64 ppm/y). Presumably, the vast majority of this is attributable to the "small 
cycle", but data on this is lacking. But for the question, whether the anthropogenic releases alone 
are responsible for the large increase in the concentration, this is of minor importance, because 
they are not large enough in any case, as will be shown later. In item 2.4.4, however, the value 
will play a role once more. 

Prior to that, however, a special feature of the carbon exchange between the "small cycle" and the 
"large cycle" should be explained: removal and return diverge (at least in relevant time scales)! 
The removal of carbon from the near-surface ocean layer into the deep ocean grows at least 
approximately proportionally with the concentration in the near-surface ocean layer (and thus in 
the entire "small cycle"), but the return of carbon from the deep ocean to the near-surface ocean 
layer takes place practically unchanged for some 500 to 1000 years due to the sheer size of the 
deep ocean and the slow currents in it. It simply takes this long for the deep ocean to respond to 
a change in the atmospheric concentration (and even then, most of the additional carbon released 
remains in the deep ocean because it is so huge).  

According to items 2.1.2 and 2.2.2, the proportionality of removal to concentration applies 
generally. In the special case of removal by the deep ocean, this is fully confirmed by the two 
pathways of removal effective here, the "biological pump" and the "physical pump", and their 
mode of operation - sinking calcareous shells of dead biomass and sinking water packs with their 
contents, respectively.   

Regarding the long-lived terrestrial biomass, detailed numbers are not available, as already stated. 
But here, too, the CO2 absorbed is only released back into the atmosphere after a considerable 
delay.  
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However, a growing withdrawal from the "small cycle" and a return to it that is constant for a 
long time enforce that the concentration in the "small cycle" can increase only very slowly, unless 
a considerable additional source helps! Therefore, the small anthropogenic releases are by far not 
sufficient for a 50 % increase of concentration (as a reminder: that they cannot contribute 
disproportionately to the increase of the concentration has already been said in item 2.2.1). So, 
that the 50 % could come about at all, a much larger additional source must have been added!  

This necessary additional source could be the deep ocean or the long-lived terrestrial biomass. 
But it cannot be caused by the anthropogenic releases, but only by other causes (e.g. 
rearrangement of ocean currents, whose cause we do not know yet, or enhanced temperatures, or 
volcanic outgassing into the ocean or into the atmosphere, or something else). We do not know 
this source, but it must exist, because the course of the concentration cannot be explained 
otherwise! Considering mass balance, the size of this additional release can be calculated 
retrospectively from the course of the curve of concentration.  

2.4.3. Some more details to the difference between the atmosphere and the “small cycle” 

Because of its importance, the crucial difference between the atmosphere and the "small cycle" 
should be discussed in more detail: Although in both cases the concentration could only increase 
by 50 % because the releases from natural sources have increased much more than the 
anthropogenic releases have added, the possibilities for this heavy increase in natural sources are 
crucially different:  

In the case of the atmosphere, part of the increase in the strength of the natural sources is due to 
the small inventory in them. Because of this small inventory, the concentration in them increases 
rather quickly, and they then return a large fraction of the CO2 stored back into the atmosphere 
relatively short term (not the individual molecules, but anyhow in quantity). It still is natural 
sources that must have become stronger, but in part they have become stronger as a result of the 
anthropogenic releases! (Supplement: Another part of the increased releases from natural sources 
definitely comes from the global warming, and other causes are also possible, e. g. increased 
volcanic outgassing, see item 2.4.1).  

However, if one considers the "small cycle" in total instead of just the atmosphere as a single 
reservoir, then the relevant sinks here, the "deep ocean" and the “long-lived terrestrial biomass”, 
are very large. Therefore, they respond to the enhanced carbon uptake into them (which is itself 
a consequence of the increased concentration in the atmosphere) only after a delay of several 100 
years! However, the release from the natural sources must already be increased now, because, 
only with the anthropogenic releases alone, the concentration in the atmosphere (and thus in the 
"small cycle") could have increased only very little. This need for a strong source to significantly 
increase the concentration always exists when the outflow into the sinks (here into the deep ocean 
and into the long-lived terrestrial biomass) increases with the concentration. The situation is: The 
answer to the enhanced concentration in the atmosphere has not yet been received, but the increase 
of sources must already have occurred. Therefore, the increase in the strength of the natural 
sources must have come about almost entirely from some cause other than the increased 
concentration in the atmosphere! 

To say it again quite clearly: In the case of the atmosphere, part of the increased release into it 
comes as a response to the increased concentration in it (and thus also as a response to the 
anthropogenic releases!), but in the case of the "small cycle" this is not possible in the relevant 
period of time! The reason for this is the large size of the deep ocean and the long-lived terrestrial 
biomass! It is ultimately this special feature of the interactions within the “large cycle” that makes 
a strong additional source truly unavoidable. 

A somewhat different attempt to quantify: Let us again briefly consider the theoretical borderline 
case with infinitesimally small reservoirs of the short-lived terrestrial biomass and the near-
surface ocean layer as in item 2.4.2: The "small cycle" then degenerates virtually entirely to the 
atmosphere alone, and without the deep ocean and the long-lived biomass, all anthropogenically 
released CO2 would accumulate exclusively in the atmosphere, increasing the concentration 
further and further. However, with these long-term sinks operating, they remove almost all 
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additionally released CO2, with the consequence that the concentration in the atmosphere (and 
thus in the degenerated "small cycle") could increase only minimally without a substantial 
additional source. More precisely: This source must be increased to fully close the gap between 
the anthropogenic releases and proportionality to the concentration. Now, instead of the 
"degenerated small cycle", let's take its real size: Then the near-surface ocean layer and the short-
lived terrestrial biomass store a considerable part of the anthropogenically released CO2 within 
themself (instead of giving it back to the atmosphere) and, as a consequence, the concentration in 
the atmosphere can only grow even less than it does in the “degenerated small cycle", which 
requires an even stronger additional source! Therefore, it is again the imbalanced CO2-exchange 
in the “large cycle” that makes a strong additional source truly inevitable! 

2.4.4. To quantify the additional source 

For the "small cycle" as a whole, of course, the same laws apply as for the atmosphere as a smaller 
reservoir. Therefore, all arguments put forward for the atmosphere are equally valid for the “small 
cycle”. Especially, if the concentration in the "small cycle" has increased by 50 %, then the 
releases into it must also have increased by 50 %! This is where the jump in IPCC’s data for CO2 
exchange with the deep ocean, described in item 2.4.2, comes into play: 50 % of the new value 
130 ppm/y are 65 ppm/y. Subtracting from this the 5 ppm/y anthropogenic releases, shows that 
the releases from natural sources must have increased by about 60 ppm/y, about 12 times the 
anthropogenic releases! But even with the old value of about 50 ppm/y, 50 % of it is 25 ppm/y, 
so in that case the releases from natural sources must have increased by 20 ppm/y. That is still 
about 4 times the anthropogenic releases! The anthropogenic releases therefore play in any case 
only a minor role, with the new IPCC value still much more pronounced than with the old one. 
For clarification: Because there are no relevant numbers for the long-lived terrestrial biomass 
available, these calculations only consider the deep ocean. This is conservative, because the total 
releases must be increased by 50 % and not just those from the deep ocean.  

2.4.5. Interim findings 

It was shown in item 2.2.2 that the releases from natural sources into the atmosphere must be 
about 10 times greater than the anthropogenic releases are. A (not well known) part of this 
increase is due to the increased releases from the short-lived terrestrial biomass and the near-
surface ocean layer as a consequence of the relatively small size of these reservoirs (item 2.4.2). 
In item 2.4.4 it was shown that for the releases from natural sources into the "small cycle" only a 
lower limit of 4 times greater than the anthropogenic releases can be specified, because of the 
great uncertainty in the exchange rates with the deep ocean and unknown exchange rates with the 
long-lived terrestrial biomass. But here, due to the large size of the reservoirs involved, all 
enhancement must come from another cause, independent of the anthropogenic releases. But 
whatever value applies, it is definitely a multiple of anthropogenic releases, these only play a 
minor role.  

Assessment: If all arguments above in section 2 are true, then the climate can be influenced only 
to a minor extent by anthropogenic CO2 releases! The main cause of the observed climate 
change must be nature! 

2.5 Some more counterarguments 
2.5.1. A sink cannot be a source 

It is often said that ocean and biomass could not have contributed to the increase in the 
atmospheric concentration, because they have always been and still are a sink. It is further said 
that a sink simply cannot be a source. However, this argument overlooks the fact that ocean and 
biomass are always source and sink simultaneously (they cannot do otherwise!), and that every 
increased release into the atmosphere increases the concentration in it, and that every increased 
concentration in the atmosphere increases the removal from it by ocean and biomass.  

A distinction should also be made, whether the increase in the concentration in the atmosphere is 
due to releases from the outside (from the outside into the "short-term” carbon cycle (item 2.4.2), 
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e. g. from fossil fuel burning or from volcanism), or from the inside (internal releases due to 
relocations within the "short-term” carbon cycle, e. g. as a result of warming, or of changes in 
ocean currents, or some other internal cause). External releases increase the amount of carbon in 
the "short-term” carbon cycle and are therefore irreversible. If the cause is terminated, there is no 
return to the previous equilibrium; rather, the system strives towards a new equilibrium. In 
contrast, releases from the inside leave the amount of carbon in the "short-term” carbon cycle 
unchanged and are therefore reversible. If the cause is terminated, the previous equilibrium is re-
established.  

Whether releases into the atmosphere come "from the inside" or "from the outside" also 
determines, whether ocean and biomass act as a net source or as a net sink: When releases come 
from the outside, a part of them remains in the atmosphere and the rest is transferred to the ocean 
and the biomass. Ocean and biomass therefore inevitably and always act as a net sink in the case 
of releases from the outside. If we look at the flows, releases from the ocean and from the biomass 
initially remain unchanged, but removals by them out of the atmosphere increase directly with 
the increasing concentration in the atmosphere. Higher removal and lower return signify a net 
sink! In contrast, releases from the inside are enhanced releases from the ocean and from the 
biomass through relocations between them and the atmosphere, and therefore the ocean and the 
biomass are inevitably and always a net source in the case of releases from the inside. If we look 
at the flows, releases from the ocean and from the biomass increase first, before removals by them 
increase with increasing concentration. Higher releases and lower removal signify a net source.  

When the two processes coexist, two things matter: their relative strength and the atmospheric 
CO2 exchange rate. It is exactly this coexistence, which we have in the real atmosphere: Releases 
from natural sources are predominantly internal releases, e. g. as a result of warming or of changes 
in ocean currents. They have been increased by approximately 50 %, which has also allowed the 
concentration in the atmosphere to increase by approximately 50 %. As a consequence, and 
somewhat delayed in time, removals by ocean and biomass have also increased. Because of this 
lag, the ocean and the biomass have always been a net source. This lag, and with it the strength 
as a persistent net source, are the smaller the higher the atmospheric CO2 exchange rate is.  

As a second process, anthropogenic releases have been added. These are essentially based on the 
burning of fossil fuels and are therefore largely releases from the outside. They are much smaller 
than the releases from natural sources, and they have increased the concentration just a tiny bit in 
addition, but still enough so that the removals by ocean and biomass have now become larger 
than the releases from them. Ocean and the biomass have thus become a persistent net sink, 
despite their increased releases!  

Generally: Even if the ocean and biomass are a net source of CO2 on their own, external releases 
make them a net sink if they increase the concentration to such an extent that the removal by the 
ocean and biomass now exceeds their release. Being a net sink and contributing to the 
concentration increase are therefore clearly not mutually exclusive! 

2.5.2. Extremely unlikely 

It is also sometimes said that it would be extremely unlikely for natural releases into the 
atmosphere and removals from the atmosphere both to increase tremendously over 150 years and 
to increase exactly that much as to accumulate net half of the amount of CO2 released 
anthropogenically. However, firstly, releases and removals do not grow independently of each 
other (the latter rather follow the former relatively closely, being linked over the concentration) 
and secondly, any following relationship to the anthropogenic releases would be just as unlikely! 
It's similar to pebbles on a beach: It's extremely unlikely that you'll pick one up with exactly those 
properties as the one you're holding, but you've still picked one up. Any other pebble would be 
just as unlikely. This probability simply does not signify anything.  

2.5.3. Time constant 

Often (e. g. in Vahrenholt et al. 2020) climatologists calculate a time constant for the removal of 
“excess” CO2 from the atmosphere using the difference between the present concentration and 
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that at the pre-industrial equilibrium (420 - 280 = 140 ppm) as the driving force and the present 
net removal rate from the atmosphere (2.5 ppm/y) as the flow rate. This time constant is then 
approx. 50 years, considerably longer than the few years resulting from the considerations made 
in this paper (removal proportional to the absolute concentration). However, this linking of the 
140 ppm and the 2.5 ppm/y is pure mathematics, without any physical basis, and therefore the 
time constant calculated in this way has no value. According to the laws of physics, the 
atmosphere has no memory of a previous equilibrium and the driving force for the net removal of 
CO2 can only be the distance to the new equilibrium, as it is determined by the current boundary 
conditions (e. g. temperature). This distance to the actual equilibrium can never be very large in 
a homogeneous (well-mixed) medium, where removal increases with increasing concentration. 
In any case, 140 ppm surplus can definitely be ruled out due to the slow nature of the occurring 
changes (the annual anthropogenic releases are only about 1% of the atmospheric inventory even 
today!). The real time constant for reducing an increased CO2 concentration is only a few years 
and not 50 years! 

2.5.4. Decreasing oxygen concentration  

It is also often cited as "proof" for the predominantly anthropogenic origin of the large amount of 
CO2 in the atmosphere that the oxygen concentration in the atmosphere has decreased 
correspondingly to the increase in the CO2 concentration (exactly to that extent, as is expected 
according to the amount of fossil fuels burned). However, this oxygen decrease only proves that 
the amount of fossil fuels burned is estimated correctly. It signifies nothing about whether or how 
much CO2 has been released into the atmosphere from additional sources without oxygen 
consumption!  

2.5.5. Saturation of sinks 

IPCC believes that half of the anthropogenic releases have always remained in the atmosphere 
(constant "airborne fraction"). IPCC gives no physical explanation for this, but fears that the 
"airborne fraction" could increase considerably in the future due to saturation of the sinks (see 
item 2.3.4). Due to the rapid equilibration in the "small cycle", saturation is only possible of those 
sinks, which have a slow exchange rate. Namely, the long-lived terrestrial biomass and the deep 
ocean. There is no obvious reason why the long-lived terrestrial biomass should become saturated 
in the relevant range, and saturation of the deep ocean can definitely be ruled out due to its huge 
volume and to the high pressure and the low temperatures in it. Even if the "50 % model" were to 
apply at all, deterioration due to potential saturation can be ruled out.  

2.5.6. Bern Carbon Cycle Model 

It is also often argued that IPCC does not simply assume that 50% of the anthropogenic CO2 
releases remain in the atmosphere permanently (constant "airborne fraction", item 2.3.2), but uses 
the "Bern Carbon Cycle Model" for more precise calculations. This model, named after a group 
of researchers in Bern, assumes that "excess" CO2 in the atmosphere is removed according to a 
formula as it is used for the radioactive decay of a mixture of unstable isotopes. This should 
account for the different time responses of the various sinks for CO2 (e. g. UNFCCC 2002). With 
an appropriate choice of parameters in the model, the historical course of the CO2 concentration 
can thus be calculated from the course of the anthropogenic releases, and with this, it is said, 
future courses can then also be calculated under assumed emission scenarios. However, this 
overlooks a fundamental difference: The individual unstable isotopes are different and decay 
according to their respective specific properties, whereas the CO2 molecules are all the same and 
are removed from the atmosphere by different sinks according to the respective specific properties 
of the sinks. Thus, in radioactive decay, the decaying substances determine how fast they 
disappear, whilst in CO2 removal, the sinks determine how fast the CO2 disappears. In the case of 
radioactive decay, the strongest sinks (shortest half-life) are the first to fade away, afterwards only 
the smaller sinks work; in the case of CO2-removal from the atmosphere, the strongest sinks 
remain fully active until the end. Therefore, the "Bern Carbon Cycle Model" does not obey the 
physical conditions in the atmosphere! For a more detailed critique, see e. g. Roth 2022. 
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2.5.7. Interim findings 

All these counterarguments do not hold. Of course, there are many other counterarguments, but 
the author of this paper has not found any that would be better than those rejected here. 

 

3. Appraisal of the Results 

Every single argument presented here seems to strongly support the statement that the fast 
increase in the atmospheric CO2 concentration is primarily fed from natural sources. All 
arguments together make this statement even more stringent. And all the counterarguments seem 
to be baseless. As long as no convincing counterargument is presented - at least in the opinion of 
the author of this paper - the rules of physics exclude a disproportionate contribution of 
anthropogenic releases to the concentration of CO2 in the atmosphere! The lion's share of the 
increase that has occurred must therefore come from natural sources, which must have grown 
faster (much faster!) than the anthropogenic releases! As always, all of this is much more 
complicated in detail, but the result is basically the same as shown in this brief description here: 
Nature is most likely stronger than humans when it comes to CO2 too! In any case, this view 
must be seriously discussed. 

For information: Some more information is given in Roth (2022) (in German). So far, no viable 
counterarguments have been put forward, at least none have been revealed to the author of this 
paper. To put it gently, the question of the origin of all the CO2 in the atmosphere is scientifically 
open! Just as is the question of the climate impact of CO2, and just as some other questions about 
the climate. A more detailed discussion of most climate problems can be found in Roth (2019) (in 
German). 

 

4. Conclusion 

If all of this is principally correct, i.e. if the strong increase of CO2 in the atmosphere is mainly 
due to releases from natural sources (and that is most likely true!), then there are, logically 
binding, only two possibilities left: 

• Either naturally released CO2 determines earth's climate, or 
• Earth's climate is not determined by CO2 at all, but other influencing factors predominate. 

In both cases, climate change is not man-made (at least not predominantly)! Therefore, it does 
not make any sense to call for a reduction in the anthropogenic CO2 emissions for reasons of 
climate protection. These emissions do not have a key influence (“if all of this is correct”) on the 
CO2 concentration and therefore they cannot have a key influence on the climate the more. 
Therefore, the question of wherefrom all the CO2 in the atmosphere comes directly affects the 
foundation of all climate considerations. If this CO2 comes mainly from natural sources, humans 
cannot be responsible for the climate (at least not through their CO2 releases)! It is therefore 
necessary above all to demand that science discusses and clarifies the question of the origin of 
the large amount of CO2 as quickly as possible without any bias. This question is at least as 
important as that of the climate impact of CO2. Only when both questions have been clarified can 
decisions about climate protection measures be made responsibly! And the media and the public 
should at last acknowledge that the science of climate is still divided in many cases, including 
important issues. Not wanting to admit this or even intentionally wanting to keep it under cover 
does not solve a single problem, it only creates new ones. 

 

5. Addendum: Actions 

However, it is not only the cause of climate change that is scientifically open, the actions we 
should take on the basis of the assumption "man-made" are controversial too: Usually, it is 
demanded to completely transfer our whole energy supply to "renewable energies" as quickly as 
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possible, primarily to wind and sun. But there are two fundamental questions scientifically open: 
Are these actions really necessary or not, and are they useful and cost-effective or not? 
Regarding the first, see above, there is no necessity. Regarding the latter, there is still no 
carefully carried out comparison of costs and benefits of these actions. Some experts say that the 
costs that certainly arise when implementing the demanded climate protection actions very 
probably exceed the costs that otherwise debatably might result from climate change, others 
contradict fiercely. There is no agreement in sight. 

But irrespective of these two open questions, the above-mentioned demand clearly violates the 
principles of "technological openness" and "modest use of the landscape".   

Regarding the first, because there may very well be better solutions (many people consider 
nuclear energy to be one!), and regarding the second, because wind and sun will probably never 
be the backbone of our energy supply! As long as there are no suitable (and affordable!) storage 
systems to compensate for their erratic energy availability, it simply doesn't add up in terms of 
numbers! For this reason alone, other solutions must be found. 

But the need for other solutions probably applies even if the storage problem could be solved one 
day (which in the opinion of the author of this paper is not foreseeable). This is, because the solar 
radiation reaching the earth is simply concentrated far too little! So little that its large-scale use 
(in whatever way, e. g. directly using the radiation, or converted into the kinetic energy of the 
wind, or converted into biomass via photosynthesis) inevitably involves large-scale land use! With 
more and more people on earth, however, "area" is becoming more and more of a precious 
commodity (we only have one planet!). We need this precious commodity for everything, from 
our food supply, to our homes, to shops, to schools, etc., up to ensuring an appropriate living 
environment for people and nature. To satisfy our energy needs, we should use it as efficiently as 
possible! Wind and solar parks instead of forests, fields and natural landscapes are not a desirable 
alternative (even if one does not initially consider the possible environmental impacts of the large-
scale use of wind and sun, the extent of these environmental impacts is disputed). Mankind can 
do better; it must not blindly follow what people feel to be “good” without analyzing impartially 
whether or not it is actually “good”. With climate, that seems to be the case at the moment!  

And one last argument: As long as trading in CO2 certificates applies in the EU (it has only just 
been expanded!), special additional requirements, such as the expansion of renewable energies in 
Germany up to x% in year y, are basically without any effect on the climate: if they are successful 
at all, they not only reduce CO2, but also the consumption of certificates. The certificates that are 
not consumed in this way are traded, and exactly the same amount of CO2 that was initially saved 
is then released elsewhere! That's what the buyer bought the certificates for. The climate doesn't 
care! Politicians must decide whether they want to achieve the CO2 reduction (if it is necessary at 
all) through specially defined measures or through general certificate trading. Pursuing both 
strategies side by side makes little sense because they work against each other and thus only 
increase costs unnecessarily! 

 

6. Summary 

Logically binding, the observed climate change can only be caused by anthropogenic releases of 
CO2, if CO2 has a strong impact on climate and if most of the CO2 in the atmosphere has been 
brought there by humans! Both are scientifically controversial, even if this is usually presented 
differently in public. While the climate impact is primarily a quantitative question that can only 
be answered with highly sophisticated calculations based on unsecured physical assumptions, the 
origin of the large amount of CO2 can also be checked very well by means of fundamental physical 
considerations. That is the central theme of this paper here. 

Essential starting points are the equality of all CO2 molecules, the dependence of the (total) 
number of CO2 molecules removed from a storage facility per second on the concentration in that 
storage facility, and the consideration of the fate of CO2 released into the atmosphere in several 
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stages (thorough mixing in atmosphere, approximate equal distribution within the three reservoirs 
atmosphere, short-lived terrestrial biomass and near-surface ocean layer, exchange with the deep 
ocean and long-lived terrestrial biomass). It turns out that under the real conditions on earth in 
relevant time periods no source can contribute disproportionately to the concentration in the 
atmosphere. For the concentration to have increased by 50% at all, the 5% anthropogenic releases 
are much too small, the releases from natural sources must have increased substantially in 
addition!   

Therefore, on the real earth, two processes go on simultaneously: Firstly, nature increases its CO2 
releases into the atmosphere quite substantially. This increases the concentration and with it the 
removals by ocean and biomass also increase, but delayed, so that ocean and biomass insofar act 
as a net source. Secondly, anthropogenic releases. These are much smaller, but they increase the 
concentration sufficiently for the removals by ocean and biomass to become stronger than the 
releases from them. Ocean and biomass thus become a net sink, despite greatly increased releases 
from them. 

This result is supported by considerations regarding the steepness of the increase in the 
concentration compared to the growth of the anthropogenic releases, regarding the comparability 
of these two curves in the COVID period and generally over the last decade, regarding the 
seasonal cycles of the CO2 concentration, regarding the saturation or not of the sinks, and 
regarding the course the concentration of 14CO2 in the atmosphere, as well as by showing the 
invalidity of the usual counter-arguments. The result is always the same: Physics requires that the 
releases from natural sources must have increased significantly in order to be able to explain 
the observations. 

Exactly the same result is shown by some of IPCC’s numbers as well: Even according to these 
numbers, the releases from natural sources have increased much more than the anthropogenic 
releases! IPCC just ignores its own numbers in its further text and says something clearly different 
in words. 

A final clarification of the question of the origin of the large amount of CO2 should therefore have 
the highest priority in all climate discussions! This contribution to the discussion here aims to 
give a boosted impetus to this. 

Complementary to the investigation of the origin of the large amount of CO2, this paper also 
shows that and why the climate counteractions, which are demanded on the basis of the 
assumption "man-made", cannot bring the desired result.  

More or less as a by-product of the considerations here, it becomes evident that the assumption 
put forward by the IPCC that there is a “fixed CO2 budget” for the anthropogenic releases in order 
to comply with a certain warming limit, which must not be exceeded, cannot be justified 
physically. For all decisions and demands based on such a "fixed CO2 budget", there is no 
objective justification. The climate problem must therefore be reconsidered also for this reason! 
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Abstract  

The four tenets of consensus climate theory are: (1) CO2 is a pollutant that causes harm to the 
environment. (2) Increasing CO2 causes global warming. (3) Increasing CO2 destabilizes climate. And 
(4) Those harmful effects last hundreds of years so, we must act now. In science, there are four roles 
for people: theoretician, scientist, technician/engineer, and philosopher. Many in science take on 
multiple roles, which have nothing to do with job titles. It is the role of theoreticians to develop theory 
(sometimes via consensus) so that it can be tested. It is the role of the scientist to apply the scientific 
method to test theories imagined by theoreticians. The scientific method must be based on 
confirmation via “observations of the natural universe.” Here, the first tenet of climate theory, “CO2 
is a pollutant that causes harm to the environment”, is tested using observations of changes in 
environmental quality. The purpose was to use the scientific method that complies with USA criteria 
of reliable principles and methods for expert testimony (Federal Rule 702 or the Daubert Standard). 
As such, a scientific hypothesis was tested using preferred processes and real-time climate records 
from respected sources (NASA, NOAA and the Hadley Met Centre). 
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1. Introduction  

This paper pulls from experience that includes biospheric science and engineering, including over 
twenty international patents that are flying on advance lift systems like Elon Musk’s Starship. But 
why biospheric science? And what does that have to do with climate change? 

Biospheric science in academia can be limited to the physics and biologic processes found in the air, 
sea, and land of Earth that contain life. But in industry, such limitations are invalid. Life is in the 
upper atmosphere and in space on ships and orbiting platforms. That life is affected by the Sun, other 
planets, and beyond. Biospheric scientists and engineers in industry need to understand the total 
picture affecting a variety of biospheres (commonly the land, seas, and air, along with space, the 
moon, and Mars). As such, in industry, all processes associated with climate science are a subset of 
the broader view—biospheric science. It also includes extreme climate change. Picture a capsule 
launched from a sub. It shoots through a saltwater biosphere. Then it transitions into a biosphere of 
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super-heated salty air. Where it is propelled up through the troposphere onward to the cold of charged 
galactic ionizing space. And then upon reentry, it encounters blistering heat. 

It is the job of the biospheric engineer/scientist to understand and design systems to protect payloads 
from all biospheres encountered on missions. The most precious payloads are astronauts in space and 
people on aircraft. That is why in aerospace, theory is always tested. Or, people will die. Climate-
change theory is no different. As such, between 2010 and 2023, climate-change theory has been tested 
six times. All resulted in the same conclusion. [1-6] Why were those tests ignored? Politicians 
successfully pushed theory over observation. They used tax dollars to censor research, scientific 
journals, media, and industry—giving birth to Climate Lysenkoism. [7] 

Theory vs observation? Theorist vs Scientist? Here, theorist and scientists are not used in terms of 
job title. They are used to describe the role people play in science. Theorists or theoreticians imagine. 
Whereas scientists use scientific methods to test that imagination. Consider Einstein. 

Theoreticians are critical to science. Like a lot people in science, Einstein wore several hats: theorist 
(general relativity), scientist (how to test relativity), and engineer (refrigeration). But his forte was 
imagination. He said: I am enough of the artist to draw freely upon my imagination [8]. He was not 
impressed by the word “theory”—the adult word for imagination. But no matter which word is 
preferred, testing one’s imagination/theory via the scientific method is required. All of Einstein 
theories were tested. And even with Einstein, 3 of 11 were found to be false.1 [9,10,11]  

Between 1907 and 1915, Einstein worked on getting a consensus on the general theory of relativity 
to explain the observed orbit of the planet Mercury. His consensus team was engineer Besso, 
mathematicians Grossmann and Fokker, and theorist Kottler. Besso warned Einstein that his equations 
were wrong. Einstein ignored him. Just like climate theorists that continue to ignore two ways that 
Oxygen-of-Life, CO2, cools the climate. Ignoring Besso hit Einstein hard in 1915 when 
mathematician Hilbert proved Einstein wrong. This put Einstein in a depressed funk. Did Einstein 
wave his arms or double down on his errors? No. Einstein admitted he was wrong (told Besso) and 
started correcting his theory. The result? A stable consensus. 

• His 1915 paper, Explanation of the Perihelion Motion of Mercury from the General Theory of 
Relativity, fully accounted for the difference between Newtonian theory and observation. The 
paper explained that Mercury, in close proximity to the Sun, would follow space displaced by the 
mass of the Sun. But math does not prove theory. Math, just like climate models, can be fit to 
derive a specific answer. A new test using experimental observation was needed. 

• Einstein’s joint preliminary paper in 1911 had suggested measuring the amount that starlight 
bends inward when going past the sun. Using the 1915 mathematics, the amount was predicted 
to be twice the bending that was predicted from Newtonian Physics. 

 All that was needed was for a scientist to use the scientific method to test theory versus observation. 
Several tried. But weather and World War I intervened. Then Eddington stepped forward. He was a 
leading astronomer, mathematician (he understood the symbolic math that Einstein used) and he was 
also a practiced scientist in the scientific method. He used the 1919 total solar eclipse to show that 
starlight bent inward around the Sun and the moon in the exact amount predicted. He compared photos 

 
1 Einstein batting score. Eight correct theories were: Detail on Avogadro's number, Quantum Theory of Light, 
General Theory of Relativity, Special Theory of Relativity (mass-energy relationship), The Photoelectric Effect, 
Wave-Particle Duality, Brownian Movement, Bose-Einstein Condensate. Three theories that were wrong: 
Capillary Action, Cosmological constant and Quantum Determinism. While the universe has been shown to be 
expanding as an accelerating rate (what Einstein called his biggest mistake), it could one day be found that 
Einstein was correct about Quantum Determinism. 
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of the same starlight during a total eclipse to that at night without interference from the Sun’s gravity 
(see Figure 1). That is how a theory is tested using observation. That is how theory is accepted.  

But isn’t climate-change theory also accepted? Something about a 95% consensus? Some people 
complain about the 95% consensus among climate theoreticians. Many claim it’s a lie. But it isn’t. 
And furthermore, that consensus should be embraced. Consensus (agreement) on a theory is required 

Even Einstein needed consensus. It is necessary so that scientists know what theory to test. A final 
test is impossible for a moving target. Here, the consensus on the theory regarding the first tenet of 
climate-change is stable enough to test. As such, the null hypothesis: Increases in CO2 have not caused 
harm to the environment. was tested. If climate theory is supported by Official Biospheric Records, 
then the null hypothesis will be rejected in favor of the theory. 

 

2. Using Observation to Test If Increasing CO2 Causes Harm to the Environment  

Satellites used by NASA[12] and Copernicus[13] see more than what we see in normal satellite 
photos of the Scandinavian Peninsula (see Figure 2, left pane from 3-D Earth View). NASA satellites 
can also see what is on the right. The right image shows the basis for all life in Scandinavia—flora. 

Knowing how Leaf Area images are made and what they mean is critical in saving our biosphere. 
The Leaf Area Index is the single most important basis for measuring not only the quantity of 
photosynthetic life (flora), but also the potential for all animal life on Earth—it’s food and habitat! 

 

 
Figure 1: How the scientific method of observation proved Einstein’s theory  

22Nov1919 
Illustrated London News 
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2.1. Technology   

NASA-MODIS[14]/Copernicus images are produced from satellite sensors that see visible and near-
infrared radiation reflected by vegetation. That allows canopies of flora to be mapped into layers 
covering the ground. The coverage of canopy layers is converted into a Leaf Area Index (LAI). [15]  

 

2.2. Data Availability  
The program to map changes in flora started in 1981. Part of the program included on-ground physical 
measurements to calibrate satellite readings. The Leaf Area Index is available to the public, 8/10-day 
or monthly, going back to March 2000 (NASA NEO) or Jan 1999 (Copernicus). 

 

2.3. Leaf Area Index (LAI) Numbers  
The LAI index represents the area of all leaves and needles relative to its area of land. An LAI of 0.5 
means that on average half of the area is covered by leaves/needles and 2.0 means that on average 
there are two complete canopies of coverage over that area. LAI varies from 0 to 7 layers. 

 

2.4. Leaf Area Index (LAI) Colors  

See Figure 2 (right pane) or Figure 3 (left and right panes). Black (LAI = zero) means no data (e.g., 
water, glacier, desert, or no flora). Brown means the area is mostly rock, mostly covered by snow, or 
sparce grasses (LAI 0.1 to 0.2). Yellow (LAI 0.5 – 2) means seasonal grasses/bushes and some trees. 
And dark green (LAI 2.5 – 7) is a thick, mostly seasonal to non-seasonal canopy of trees. The 
maximum 1-degree square average NASA Leaf Area Index is currently seven complete canopy layers 
(mostly nonseasonal) and is found in the Amazon jungle (FYI, the Congo comes close). 

 
Figure 2: Satellite images of the Scandinavian Peninsula (random visual examples) 

(the ellipse in the right pane is the area zoomed into in Figure 3) 
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2.5. Why Leaf Area Is Important  

Oxygen-of-Life (CO2), water, and sunlight are the three ingredients used by photosynthesis to create 
all life on Earth. And the IPCC admits that Oxygen-of-Life (CO2) is limited. “With increased 
photosynthesis, plants can develop faster, attaining the same final size in less time, or can increase 
their final mass.” [16]  

Oxygen-of-Life (CO2) at 425 ppm is about half to a third of where it needs to be for life in our 
biosphere to flourish (see Figure 5). The equivalent is us trying to live on the level of oxygen 
experienced on Mt. Everest. Our growth would be stunted. We would easily succumb to stresses (e.g., 
a lack of water/food, disease, etc.). Just as trees today easily succumb to disease and wildfire. 

Maslow’s hierarchy of needs includes water, food, and shelter. [17] All three of these needs are met 
with adequate flora and are measured by the Leaf Area Index (LAI). 

• Leaves/roots contain/retain water and flora evapotranspiration creates clouds. 
• Leaves (and in some cases the associated plant structure) are the foundation for all food. Even 

carnivores. Carnivores eat animals that somewhere down the food-chain eat herbivores. 
• Leaves provide shelter for most all animals. Without flora, there isn’t enough earth to allow 

digging animals to burrow. And for the rest of all animals? They find homes in the cover of flora 
derivatives (e.g., algae/lichen, moss, seaweed/grass, coral/bushes, and kelp/trees).  

An increasing leaf area means more food and habitat for wildlife—the potential for an increase in the 
quality (e.g., health and security) and quantity of wildlife. A decreasing leaf area means less food and 
habitat—the starvation of established wildlife and less habitat for security. The destruction of 
endangered species. 

The Leaf Area Index, while certainly not the only measure of environmental health, it is inarguably 
the single most important measure of environmental health. Leaf Area reflects the entire Plantae 
kingdom (flora) and the potential for the entire Animalia kingdom (fauna). 

 

2.6. Has the rise in Oxygen-of-Life Harmed or Benefitted the Scandinavian Biosphere?  

Seeing is believing, so see Figure 3. It zooms into the Leaf Area images that show the peak of flora 
in 2000 (left pane) and 2023 (right pane) between latitudes 55N and 65N of the Scandinavian 
Peninsula (see Figure 2 for that location). Note the following in the 2023 image: 

• Less brown. 
• The light-greens have darkened. 
• The dark greens have spread outward and to higher elevations. 
• Development has decreased the LAI in some areas.  
• But development is overwhelmed by the greening that was mostly caused by the increase in 

Oxygen-of-Life (CO2). In the journal Nature (Nature Climate Change), more than thirty authors 
from around the globe worked with NASA satellite data to calibrate and document the level of 
and drivers of the greening of Earth. They then wrote the peer reviewed article, Greening of the 
Earth and its Drivers (2016). To quote, “CO2 fertilization effects explain 70% of the observed 
greening trend.”  
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Figure 3: Zooming into a 10o x 10o lat/lon map of peak leaf-area (July) 

 for the Scandinavian Peninsula (NASA) 

Note the two parks: a mountainous region in Norway (with areas over 1300 m in elevation) and a lower 
lying region in Sweden (mostly less than 500 m elevation). In parks, development is nonexistent or limited. 
What has been happening are three important natural changes caused by the rising of Oxygen-of-Life levels 
in the air: (1) Flora is growing thicker (horizontal) and in more layers (vertical); (2) Flora is growing at 
higher elevations; and (3) Those expansions are making more food, clean water, and habitat for wildlife to 
prosper. The slow but steady effects of Oxygen-of-Life north of Oslo (inner-oblong) and southern Sweden 
(rectangle) are so remarkable (from brown to green) that even observant humans have noticed the change. 
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The rise in LAI is likely between 8% and 16% because of the end point, 2023. 2023 had a harsh spring 
and summer that occurs every 2 to 9 years (characterized by a cold/frosty May and rains pushed to 
late summer). On a global basis, that cycle occurs about every 3 to 5 years. If 2023 is ignored, the rise 
would have been 16%. A good rule of thumb is that a 1% rise in Oxygen-of-Life (CO2) causes a 1% 
rise in the Leaf Area for the Scandinavian Peninsula. 

Imagine how even an 8% increase of the Leaf Area Index helped all wildlife. Imagine how that helped 
endangered species find more food and more security from predators. Imagine how that helped our 
crops and our gardens grow more bountiful. Imagine the beauty that created in greener mountains and 
handfuls of yummy berries as you hike along a woodland trail. 

 
Figure 4: The Leaf Area Index vs Oxygen-of-Life (CO2) for the Scandinavian Peninsula 

Figure 4 shows how the 8% rise in Leaf Area Index (LAI) rose with the 13% rise in Oxygen-of-Life (CO2) 
from 2000 through 2023. The left green vertical scale is the LAI for the Scandinavian Peninsula (NASA 
NEO). The right blue scale is atmospheric CO2 levels (NOAA). The horizontal scale is all available years: 
2000 – 2023. To minimize weather effects, the green line is an area-weighted, regression through the 
complete 12-month trailing NASA/NEO, Scandinavian Peninsula seasonal maximums LAI time series. 
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And that 13% rise in the Leaf Area Index is despite development in Norway and Sweden that may 
convert grass and trees to parking lots, roads, and buildings. That says a lot for the power of Oxygen-
of-Life (CO2) to improve the environment. It also poses an interesting question for development. 
When development occurs, should that be offset by restoring Oxygen-of-Life back to the air so that 
Oxygen-of-Life can compensate for the loss of green space? This can be easily achieved by passing 
laws that require the structure to use clean Natural Organic Energy (e.g., natural gas) or electricity 
generated by clean oil, gas, or coal power stations. Do you want policy based on scientific 
observation or policy based on a theory tailored to support a political narrative proven time after time 
to brown Earth and kill endangered species? 

 

2.7. Using the Scientific Method to Test the Climate Theory Hypothesis—Tenet One 

The tests of hypothesis for the first tenet of climate-change theory used experimental observation as 
required by the scientific method. 

• Earth’s biosphere was the laboratory (Eddington’s lab to test relativity was the night sky). 
• NASA NEO/MODIS satellites took the measurements of the environment—the Leaf Area by 

time that covered the Scandinavian Peninsula (Eddington/Relativity used cameras to photograph 
star light). Leaf Area was used because leaves/needles are the basis for all food and habitat used 
by wild and domestic life. Leaf area is a direct measurement of all flora and directly impacts the 
potential for all fauna. See Figure 4, dark green line. 

• Anthropogenic restoration of Oxygen-of-Life (CO2) back to the air from where it came was the 
causal (also called independent) variable (Eddington/Relativity variable was an eclipse). Levels 
of CO2 were monitored by NOAA at forty or so marine surface observatories around Earth since 
1979 and averaged into a global level. Global CO2 levels compare quite well with the observations 
from Mauna Loa Observatory (the famous Keeling curve). See Figure 4, dark blue line. 

A regression line was fit (least squares) through 1057 eight-day averages of twelve-month trailing 
seasonal maximums of leaf coverage; area weighted from a grid of the Scandinavian Peninsula land 
area represented by 12633 cells (each 40 to 70 square kilometers depending mostly on latitude). 

• Test of null hypothesis (H0) that CO2 did not harm the environment. Rejection would be a t-
statistic more negative than -1.96 to show environmental degradation (a negative slope). But the 
t-statistic was +15.9 with a statistically zero p-value. Thus, H0 not rejected at 100% confidence. 

• Test of null hypothesis (H0) that Oxygen-of-Life (CO2) did not benefit the environment. 
Rejection would be a t-statistic more positive than +1.96 to show environmental improvement. 
The t-statistic was +15.9 with a statistically zero p-value. Thus, H0 rejected at 100% confidence. 

It is impossible for Oxygen-of-Life (CO2) to have caused harm to the environment when in fact, the 
environment kept improving as CO2 levels increased. This conclusion is supported by hundreds of 
scientific experiments where Oxygen-of-Life (CO2) levels were varied while measuring the response 
of about 50 dependent variables that indicate the health of botanic life. The list of those variables is 
shown in Section 3.1 along with references to about 500 of those scientific experimental studies. 

There is ample evidence that Oxygen-of-Life (CO2) benefits the environment. And no evidence that 
CO2 is the cause of harm that even begins to negate its environmental benefit. Oxygen-of-Life also, 
amazingly enough, more than negated harm to the environment from widespread responsible 
development. And the evidence suggests that policy should encourage the use of natural organic 
energy (oil, gas, and coal) as one tool to negate that harm so that humans live in harmony with nature. 
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3. Discussion 

3.1. Why Does Oxygen-of-Life (CO2) Improve the Environment? 

Dr. Sherwood Idso was a pioneer in collecting natural experimental evidence on how Oxygen-of-Life 
(CO2) was critical to the growth of grasses, vegetation, and trees. His sons, Dr. Craig Idso and Dr. 
Keith Idso followed in his footsteps. Sherwood and his sons wrote many books. One in 2011, The 
Many Benefits of Atmospheric CO2 Enrichment [238], was a meta study where references were 
deeply discussed in detail concerning the benefits and harms of Oxygen-of-Life (CO2) on flora. Here, 
that list is summarized, increased, and organized by six types of benefits. 

 

3.1.1. More Oxygen-of-Life Increases Biomass & Leaf Area  

• Increases Net Primary Productivity of all flora (Figures 5, 6, 8-11): seabed/ground-cover, 
grasslands, vegetation, sea-kelp, & trees. See references to 60 independent studies. [18-77] 

• Increases over-winter storage proteins for next-season for a faster start in growth. [78-81] 
• Raises flora hormones--stimulates cell division, elongation, protein synthesis. [82-87]  
• Increases carbohydrates, denser wood for taller/broader structure. [88-98] 
• Increases Phosphorus [99-107] and Nitrogen [108-125] nutrient uptake via enhanced tap 

root length, lateral root number/size, and fine root mass (Figure 6). 37 studies. [126-162] 
• Roots put nutrients/carbon into soils increasing availability of mineral nutrients. [163-168] 
• Increases the photosynthesis rate (Figures 5, 6, 8-11). [169,170,171] 
 

 

 

 

 

 

 

 

 

 

 

  

 
Figure 5: Plots the growth potential plants can reach a various Oxygen-of-Life levels 

C3 Type Flora (95% of all biomass) is severely stressed at current CO2  famine levels (~425 ppm). 100% 
growth rate occurs at 800 - 2200 ppm (evolutionary CO2 levels) when plants grew 3x faster. Creating dense 
canopies for wildlife and endangered species: bountiful food and a secure habitat. 
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• Less erosion of biologic matter from robust root & soil structure. [172-177] 
• Enhances organic matter in soil for Earthworms that aerate soil, provide water drainage, spread 

nutrients through root networks increasing enzyme activity that mitigates toxic soil effects, 
creates a more neutral pH that aids in nutrient uptake. [178-188]  

• Increases in some species Biologic Organic Matter enhances soil (Figure 7). [189, 190,191] 
• Increases habitat via beneficial soils and anaerobic water bacteria (Figure 7). [192-202]  
• Legumes/soil bacteria symbiotic relationship. Stimulates nitrogen fixation (fertilizer) in soils. 

[203-225] 
 
 
 

 

 

 

 

 

 

 

 

 

 

 
Figure 7: Oxygen-of-Life Creates Healthy Soil & Soil Organisms Like Earthworms 

 

 
Figure 6: CO2 Effect on plant and root structure 

 

Dippery et al, Florida Gulf Coast University 
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• All canopy layers benefit. Makes the photosynthesis process more efficient. Lower-level plant 
canopies in less light are able to compensate. [226-237] 

• All adding up to a huge increase in biomass (Figures 5, 6, 8-11). And read, The Many Benefits 
of Atmospheric CO2 Enrichment, by Craig Idso and Sherwood Idso. [238]  

• And adding up to increased biodiversity. [239-244]  
o Biodiverse relationships are strengthened. [245,246,247]  
o Increased nutrients make room for niche lifeforms (some dormant). [248,249] 
o Restores genetic biodiversity that couldn’t compete at unhealthy CO2 levels. [250-257] 

 
Figure 8: How Famine Levels of Oxygen-of-Life Affect the Growth of Life 

This timelapse video shows the effect of healthy levels of Oxygen-of-Life on all life—showing flora growth 
timelapse on land and in saltwater. All conditions were identical except the Oxygen-of-Life (CO2) levels. 
One was at existing Oxygen-of-Life levels and the other was at much-higher and healthier levels. Each 
timelapse shows daily growth of plants at low and healthy Oxygen-of-Life levels over a span of a few weeks. 
We’ve grown up with no appreciation of what Oxygen-of-Life does. We assume that what we see in nature 
is normal. But these timelapse comparisons are a wakeup call. They show the unbelievable effects Oxygen-
of-Life has on both land and marine plant growth when those levels are restored to where they used to be 
and need to be. They clearly show that Oxygen-of-Life is currently at famine conditions. It also shows the 
huge effect that Oxygen-of-Life has on the growth of trees. A must-see shocking video. 

https://youtu.be/_rDeAO-BcE8 
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Figure 9: How famine levels of Oxygen-of-Life affect terrestrial growth 

The left pane shows a Chick Pea grown near existing levels of Oxygen-of-Life (CO2). On the right, 
stem/leaf structure doubles/triples at healthy Oxygen-of-Life levels. On the left is a plant susceptible to 
attack from pests and stresses. A small attack is more likely to result in death.  

 

2010, CO2 Science 

 
Figure 10: How Famine Levels of Oxygen-of-Life (CO2) Affect Marine Food for Sea Life 

The left is a saltwater tank at existing Oxygen-of-Life (CO2) levels after 17-days of growth. The right 
started out exactly like the left tank, but at healthy levels of Oxygen-of-Life. The tank at higher Oxygen-of-
Life levels ended up with three times the biomass. Imagine all the sea life cut short by climate activists 
cutting back on Oxygen-of-Life (CO2). Murdering billions of marine animals. Unimaginable devastation. 
They are worse than whale hunters. 
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Think of the billions of animals that Climate Activism has killed from limiting Oxygen-of-Life. Think 
about how that reduced the habitat for endangered species. First agricultural Lysenkoism killed over 
30 million people (they starved to death) between 1925 and 1965. [258,259] Now, Lysenkoism has 
turned a science where questions can’t be answered into a science where answers can’t be questioned 
(Feynman). As a result, Climate Lysenkoism has quietly killed wildlife in the billions. Compassionate 
people find that sickening and sad!  

 

Thanks to Dr. Sherwood Idso, some paid attention to his work 
and are doing everything possible to stop the killing. 

What side are you on? 

  

 
Figure 11: How famine levels of Oxygen-of-Life affect tree growth 

The left shows a Pine tree near existing levels of Oxygen-of-Life. Because we don’t know any better, we 
think that it’s normal for a Pine tree to grow three feet in a year. But at healthy levels of Oxygen-of-Life, 
a Pine tree grows six feet in one year! Can you imagine living in a time where such miracles are normal? 

 

Dr. Sherwood Idso 
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3.1.2. More Oxygen-of-Life Makes Flora More Stress Resistant  
• Because the stomata are fewer, smaller, and with less open area (narrower) over time: 

o There is less water loss (Figure 12). Thus, plants flourish in dry regions. [260-320]  
o Pollutant [321-324] and ozone [325,326] stress is less (Figure 12) [327-344] 
o There is less access for the germ tubes of fungal pathogens (Figure 12). [345]  

• Enhances plant physiology, anatomy, morphology—resists/counters disease effects. [346-358] 
• Decreases fluctuating asymmetry making plants less susceptible to herbivore attack. [359-362]  
• Increased glomalin enhances soil stability, decreasing toxic soil elements. [363-367] 

• Helps plants withstand natural toxins in the soil. [368,369,370] 
• Likely reduces isoprene that creates tropospheric ozone that stresses flora. [371-381] 
• More monoterpenes are dispersed in forests: counters heat stress, aids in plant healing from 

herbivore (plant eater) damage, and attracts predators of herbivores. [382-388] 
• More resistant to high-salinity (salt) soil. [389-405] 
• A powerful treatment for stress-induced problems in thylakoid membranes of chloroplasts (the 

photon/sunlight-to-electron transport tissue). [406-410] 
• Increases tannins in leaf and fine-roots that protect from predation by voracious insect 

herbivores and from soil-borne pathogens/herbivores. [411-425] 
• It can more than compensate for heat and UV stress. [426-438]  
• Biologic Organic Compounds can aerially spread deterrents against pathogens/herbivores. [439] 

  

 
Figure 12: Stomata, the mouth of plants at normal and elevated CO2 ( ) levels 

Flora uses small openings (stomata), usually under a leaf, to breathe in Oxygen-of-Life (CO2). When CO2 
levels fall, stomata numbers must increase and stay open longer. Thus, (1) Water vapor escapes, making 
the plant less tolerant to drought, wildfires, and quasi-desert conditions. (2) Pathogens, like fungal germ 
tubes, can enter through the larger openings. (3) More airflow through the stomata lets in more ozone and 
pollutants. 

 

 

 



Forrest Frantz: The Greening of Scandinavia  
 

 Science of Climate Change  https://scienceofclimatechange.org  

   557 

3.1.3. More Oxygen-of-Life Increases Flora Reproduction  
• Most plants generally produce more and larger flowers, attracting more pollinators. [440,441] 
• Nectar production increase raises the attractiveness of flowers to bees/pollinators. [442,443,444] 
• Increases seed biomass, yield, and germination. [445-458] 
 
3.1.4. More Oxygen-of-Life Enhances Life and Prevents Extinction  
• Creates oxygen for animals. Phytoplankton creates oxygen for marine life. Terra-flora creates 

oxygen for land animals (Figures 13 and 14). The relationship between Oxygen-of-Life (CO2) 
and life was found by Joseph Priestley. [459] One experiment used a glass bell (Figure 13). He 
surmised that plants restore oxygen consumed by a burning candle. Unfortunately, he became too 
religious about theory and was left behind. A lesson for climate theorists? Jan Ingenhousz, in 
1796, furthered the discoveries of Priestley and discovered photosynthesis. [460] He saw bubbles 
form on aquatic plants in sunshine but not at night (Figure 14).  

• Means longer lifespan. An extended growing season and food production rate benefits flora, 
bacteria, wildlife, endangered species, the poor, and people subsisting off the land. [461,462] 

• Creates more food for herbivores (aphids to elephants) for faster animal growth. [463-469]   
• Enriches the quantity and potency of food benefits. [470-482]  
• Enriches the quantity and quality of healthy fatty acids called lipids. [483-490] 
• Increases plant medicinal qualities [491-504] to fight tumors, cancers, fevers, and heart disease. 
• Avoids extinction. Keeps Oxygen-of-Life above the extinction threat level of 150 ppm. [512] 
  

 
Figure 13: The mouse that died (Topper Learning) 

(a) Joseph Priestley found that a burning candle would get extinguished in a closed bell jar.  
(b) Similarly, a mouse kept in a closed bell jar would soon suffocate and die. 
(c) However, if a mint plant was placed in the jar,  
(d) neither the candle would get extinguished nor the mouse died. The plant also grows. 

Joseph concluded that the plant restores the air removed or consumed by the candle or the mouse. Another 
great example of using the scientific method to verify theory via experimental observation of nature. 

No other experiment more clearly showed the importance of the critical relationship between flora and 
fauna. We … all animal life depends on flora! So why are we killing flora? The insanity of such misguided 
logic baffles healthy minds. Are they doing to themselves what they are doing to plants—breathing less 
oxygen? 
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Figure 14: Oxygen being produced by an aquatic plant 

Later, Jan Ingenhousz demonstrated that in bright sunlight, small bubbles formed around the green parts 
of an aquatic plant. In the dark, no such bubbles were formed. The bubbles were found to be oxygen. Plants 
with Oxygen-of-Life (CO2), water, and sunlight is what produces the foundation for all life on Earth! More 
food and Oxygen for us (Figure 15). 

 

 

 
Figure 15: More Oxygen-of-Life means more Oxygen for us 

Evolution was strongest when Oxygen-of-Life exceeded 1200 ppm—3x times today’s level. 
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3.1.5. More Oxygen-of-Life Increases the Negative Thermal-Feedback Caused by Flora  

• The increased area of leaves shades more ground area (Figure 16 and 17). This lowers ground 
temperatures. Figure 17 shows normal vs infrared light where leaf and needle shading can 
massively reduce the temperature of the ground. The result is much less longwave radiation 
emitted by the ground that would have heated the air. [507] Shade cools! Are you even remotely 
surprised by that? And if not, ask yourself why don’t climate activists account for this in their 
models? And is this why their models are notoriously inaccurate? 

• Photosynthesis converts hot solar photons to sugars–a cooling reaction that prevents photons 
from heating the air. See Figure 16 of the sun, leaf, shade, and sugars below. When earth gets too 
warm, plants grow and cool. Thus, a negative-feedback when it’s too warm. 

• If too cold, flora levels drop. But Active-IR effects still warm. Thus, a negative-feedback when 
it’s too cold. When both negative feedbacks are considered, CO2 stabilizes climate change. 

• Anthropogenic Oxygen-of-Life is created along with invisible and odorless aerosols that reflect 
incoming solar photons or help form clouds that reflect incoming solar photons. 

• Iodocompounds from marine flora help create clouds that reflect solar photons. [508-510] 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
Figure 16: One theory on why leaves cool 

Solar irradiation (photons) normally hits and heats up earth. That heat is emitted as longwave IR that 
heats the air. But the leaves of flora intercept incoming hot solar irradiation. The ground no longer 
heats up. And the photons are used up in an endothermic (cooling) reaction—photosynthesis. Some of 
the lost heat returns later when plants decompose (but the delay still causes net cooling). And not all 
heat is returned. Some ends up as soil or seabeds. 

 

Frantz 
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Albedo used extensively in climate models does not take photon absorption by photosynthesis into 
account! This author imagines (theorizes) that photon absorption delays heat transfer (just like its 
Active-IR effect, but in reverse). And when powerful enough, the climate cools to reach a new 
equilibrium. Now observed more intensely and more often as Oxygen-of-Life levels have risen. 

Others imagine (theorize) that cooling is from flora transpiration or cloud formation. It is the opinion 
of this author that those mostly affect regional climates by causing a quasi-permanent change in 
regional latent, convection, and sensible heat transfers. But global climate only changes with a 
change in heat transfer, via radiation, between space and the atmosphere. Photon absorption during 
photosynthesis does that. In addition, when Earth has enough Leaf Area, that Green Effect counters 
and then overturns its Active-IR effect. An ultimate negative-feedback needed for a stable climate. As 
will be shown when testing the 2nd tenet of climate-change theory, that switch occurred in 1974. 

 
Figure 17: The cooling power of shade 

In a desert pine forest, the power of shade to cool is shown in the lower panel of an infra-red image. A 
44o C difference (nearly 80o F) in soil temperature only one meter away! 

C Stills 
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3.1.6. More Oxygen-of-Life Counters the Harm of Sequestering Oxygen-of-Life (CO2) 

• Plants naturally remove Oxygen-of-Life from the air and that process can return CO2 to the air. 
Permanent removal of CO2 from the air is harmful because it’s the source of all life. 

• In many cases CO2 is removed from the air, stored in tissue, then in the soil, and ultimately in the 
depths of the seas, where it turns into natural organic material. Some of which can be returned to 
the air by using that natural organic material as a source of energy. 

• Is one role of humans to restore CO2 back to the air that was buried in the depths of the seas and 
lakes? Environmentalists in the energy sector were extremely good at making gas cars and coal 
and gas powerplant clean (basically zero sulfurs, carbon monoxide, and nitrates). So good that 
environmental attorney Michael Buschbacher said in March 2024, “Today's cars are so clean that 
… net particulate matter, in general, is significantly higher for EVs [electric vehicles].” Climate 
protagonists are doing the opposite. They route your tax dollars to open pit mining of metals 
required to put in new infrastructure when those funds should be used to upgrade utility plants to 
the extraordinarily clean systems now available to eliminate real pollution. 

• Why are we doing this to our green leafy friends? Imagine reversing roles. Humans breathe in 
oxygen. Through the respiration process, oxygen breaks down (oxidizes) food (glucose), which 
is converted to energy. As a result, we exhale CO2. If sealed in an airtight room (like Earth), we’d 
soon run out of oxygen and die like the mouse in Figure 13. Fortunately, our beautiful green leafy 
friends breathe that Oxygen-of-Life and exhale Oxygen. So how would you feel if plants banned 
together and decided to sequester oxygen in the soil instead of breathing it out to the air? Based 
on the imagination of theoreticians, why are politicians endorsing policy that kills flora and 
wildlife and can even exterminate all life on Earth? 

3.1.7. Oxygen-of-Life Increases Flora—the Cornerstone of Biological Diversity  
• Flora grows faster/bigger/healthier increasing food/water/shelter for wildlife. [511-518] 
• Plants that grow taller or thicker increase wildlife reproduction. [519-536] 
• Plants that grow faster increase wildlife reproduction and security after wildfires. [537] 

 
3.1.8. More Oxygen-of-Life Reverses Harms of Deforestation that Endangers Wildlife 
• Oxygen-of-Life greens Earth making more habitat for wildlife. Section 2.6. 
• Deforestation harms wildlife. [538-552] 

 

3.2. Net-zero and The Great Green Collapse 

Net-zero is when humans sequester (store) as much Oxygen-of-Life (CO2) as they generate. Contrary 
to what media says about CO2 lasting in the air for hundreds of years, the IPCC’s own formula and 
more accurate formulas for CO2 lifetime-in-the-air are clear. [553] Without humans restoring CO2 to 
the atmosphere, in less than half a human lifetime, CO2 will revert to 350 to 370 ppm. Combine that 
with the coming glacial maximum and CO2 could drop to 150 ppm where photosynthesis stops and 
all terrestrial life goes extinct. [554] This is how natural processes remove Oxygen-of-Life from air: 

• Cooling seas absorb CO2. 99% of that CO2 is converted to bicarbonate and carbonate ions. [555] 
CO2 partial pressure effects between sea and air are small because only 1% of CO2 in the ocean 
remains as CO2. Thus, sea temperature remains the dominant factor in dissolved CO2. If sea 
temperatures drop, CO2 will be absorbed despite dropping CO2 air levels. [556] 

• Creation of soil and peat is nearly permanent in removing CO2 from the air. [557] 
• Less outgassing from less flora, wildlife, and forest fires will further reduce CO2. [558] 
• Declining trees and flora will compete to use the remaining CO2, causing further decline. 
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The IPCC formula accounts for those factors plus the ways CO2 would be naturally added to the air. 
Raising atmospheric CO2 levels is like riding a bike up a hill. Stop peddling and the return trip back 
down is rapid. A century of good works that greened the world, undone in half of our lifetime! 

Have natural levels of CO2 in the past million years been healthy? Hell no. 200 million years ago the 
biosphere CO2 levels were healthy (far more than twice the unhealthy levels of today). Even the IPCC 
knows that current Oxygen-of-Life (CO2) levels are low and are not healthy. This is a quote from the 
IPCC official report on the CO2 Cycle. “On land, experiments have repeatedly shown that current 
CO2 concentrations are limiting to plant growth”. [559] Figures 8/10 also prove that for marine flora. 

So apparently, net zero is mankind’s goal to create an atmospheric famine by stopping the restoration 
of Oxygen-of-Life (CO2) back to healthy levels. The restoration of Oxygen-of-Life (CO2) back to the 
air from where it came is hard and heroic work. But it is also brilliant. It is using natural organic 
energy as the least expensive source of all heating, cooling, and transportation when doing so also 
results in the greatest environmental benefit. If we stop the hard and heroic uphill push of restoring 
Oxygen-of-Life (CO2) back to the air, “The Great Green Collapse” will be quick and devastating. In 
just half a lifetime of net zero policy, Oxygen-of-Life could crash to 350 to 370 ppm and the green 
index of Scandinavia would revert to looking like the right pane in Figure 18.  

The habitat and food supply for all wildlife we’ve worked so hard to create would be destroyed. The 
toll on flora and animal life would be devastating. Please fight for the restoration of Oxygen-of-Life 
(CO2). Back to the air. From where it came. To where it belongs. To where it’s needed. 

 

  

 
Figure 18: Most likely result if net-zero plunges Oxygen-of-Life to ~360 ppm 

If net-zero is achieved, a century of environmental gains made by restoring Oxygen-of-Life back to the air 
will disappear in what will seem like a few quick years. The wildlife death toll will exceed billions upon 
billions. A painful death from starvation! 

 

 

 2023 (CO2 at 425 ppm) At Net Zero (350 ppm) 
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4. Conclusion  
Oxygen-of-Life (CO2) greened the Scandinavian Peninsula and the World. Without doubt, rising 
Oxygen-of-Life improves the environment. [560-566] See Section 2.7 for the hypothesis tests. The 
first tenet of Climate-Change theory is proven to be inconsistent with observation of the natural world. 

 
Figure 19: “This is what starvation looks like.” 

National Geographic 

In 2017, National Geographic published this image. And blamed the cause on CO2. But the National 
Geogrphic, an outstanding science journal that isn’t immune to human error, set an example and 
admonished itself. It explained that the real cause of the immense pain seen in this horrific photo of a 
suffering polar bear barely able to drag itself on its knees, was starvation. Please. Stop limiting and 
removing Oxygen-of-Life from the air. It is what creates all food for wildlife. Stop the suffering. Don’t 
let wildlife starve! Help restore Oxygen-of-Life back to healthy levels. Stop this insality. Help us green 
the Earth and support wildlife. 

 

 

 

 

 
 

Newtonian Theorists (pre-Einstein) Climate-Change Theorists 
Physicists correctly theorized that light could be 
bent by gravity.  

Climate physicists correctly theorized that CO2 
could warm the air. 

But they failed to take into account an indirect 
effect that gravity had on light—that Gravity also 
displaces space itself that light follows. That error 
lasted about 150 years. 

But they failed to take into account an indirect 
photosynthesis effect—that cools Earth by using up 
“hot” sunrays, water, and Oxygen-of-Life (CO2) to 
make sugars for the food and habitat of wildlife. 

Thus, they could never explain the perceived 
orbit of Mercury that was also affected by the 
sun’s gravitational displacement of space. 

Thus, they could never explain why Earth greened 
and cooled after large increases in Oxygen-of-Life 
(CO2). 

Proven wrong when Eddington used natural 
observation during a solar eclipse. 

Proven wrong [1-6,12-15] by observing CO2 
changes and the greening/cooling that followed. 
 

Figure 20: The mistake of climate physicists was the same that was made by Newtonian physicists 
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NASA & NOAA: "Scientists say the world would be even warmer if not for a surge in plant 
growth.”[567]  “… cooling effect would be -0.3 degrees Celsius (-0.5 F) globally and -0.6 
degrees C (-1.1 F) over land.”[568]  “… significant greening over the last 35 years [70% is] 
due to rising levels of atmospheric CO2.”[569]  “Has plant growth increased alongside rising 
levels of CO2 in the atmosphere? It turns out the answer is Yes – in a big way.”[570] 

 
Scandinavian and worldwide greening (also a 6% rise) are the result of a wise human legacy of raising 
Oxygen-of-Life levels to cause vast increases in food/shelter for wildlife.  Climate theorists are trying 
to force us back into the Little Ice Age, while the increase in Oxygen-of-Life and natural warming 
since then has greatly benefitted all flora and fauna. The evidence? Greening has strongly continued 
in the past two decades in Scandinavia and worldwide. In a bit over two decades, Oxygen-of-Life rose 
13%. That was the primary cause of the Leaf area of the Scandinavian Peninsula to rise 8% to 16%.  
 
Use your vote to help end misguided politics. Send a message. “While I love much of what you do, 
I’m withholding my vote until you drop this misguided attack on our biosphere.” They don’t think 
you have the guts. They think they own your vote. Are they right? Our trees and wildlife need you to 
have courage because you are their voice. 
 
 

Note on Ending Climate Lysenkoism: Not once in this report was the common term for CO2 
that infers “die from sooty rust” used. Instead, a new name for CO2 was declared, “Oxygen-
of-Life”. It was repeated and repeated. If used enough by everyone trying to prevent the 
browning of Earth, maybe these ecoterrorist acts against life will stop and never again recur. 
Please join me in repeating and repeating Oxygen-of-Life. If nothing else, you’ll get a good 
rise out of climate protagonists. And maybe even get them to pause and reflect.  
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