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Abstract

A synoptic analysis of the history of climate science introduces 
all potential climate drivers. This analysis is supported by 
demonstrating that the Global Carbon Equation (GCE) is not 
an equilibrium and the rapidly increasing atmospheric CO2 
concentrations recorded in the Keeling curve reflect yearly ocean 
CO2 emission minus yearly ocean CO2 uptake. Statistics are used 
to demonstrate that the increase in atmospheric CO2 is correlated 
to industrial pollutant emission. 

The significant determination coefficient between ocean behaviour 
and pollutants emission is interpreted as caused by pollutants 
accumulation in the Arctic night. With the return of light, in 
spring, the chemically reactive mixture of pollutants gas becomes 
self-lofting, thus influencing and being influenced by existing 
atmospheric pressure systems. The intensification results in storms 
that cause the thermocline to deepen and the ocean to degas. 

The gases are argued to ascent to the stratosphere at the equator 
where they cause stratospheric ozone depletion, which in turn 
results in global warming. This new interpretation of the climate 
cycle is substantiated by a reconstruction of the Keeling curve 
consisting of the superposition of six functions that determine the 
uptake and emission of CO2 by the Northern Pacific Ocean. 

A regression analysis between the monthly Keeling curve and 
present reconstruction indicates that the new hypothesis is viable. 
Finally, it is shown that this situation reflects a response system 
between vegetation composition and stratospheric ozone that 
is driving the Pleistocene climate cycle through natural fire 
generated pollutants. 

The present aberrantly high atmospheric CO2 concentrations 

recorded at Mauna Loa are interpreted as resulting from the 
reiteration of the natural warming phase of the Pleistocene climate 
cycle just beyond the glacial maximum.

Keywords: Ozone; Ocean degassing; Particulates; Aerosols; 
Global warming; Mauna Loa; Keeling; Self-lofting; Fire; Charcoal.

Abbreviations: AMOC: Atlantic Mid Ocean Circulation; 
BCA: Black Carbon Aerosol; CCN: Cloud condensation nuclei; 
CFC: Chlorofluorocarbon; GCB: Global Carbon Budget; GCE: 
Global Carbon Equation; INP: Ice Nucleating Particles; IPCC: 
International Panel on Climate Change; NOAA: National Ocean 
and Atmospheric Administration; NPCE: Northern Pacific 
Carbon Equation; SCHWAB: Self-Lofting Chemically Reactive 
Arctic Winter Generated Air Bubble; SCHWOM: Self-lofting 
Chemically Reactive Warm Ocean Generated Air Mass; SOA: 
Secondary Organic Aerosols; VOC: Volatile Organic Carbon; 
WCRP: World Climate Research Program; EFOS: Global Emission 
of CO2 from the Burning of Fossil Energy Sources; ELUC: Global 
Emission of CO2 related to Land Use Change; ESLGHG: Increase 
in Northern Pacific Ocean CO2 Emission Caused by Short 
Lived Greenhouse Gas Accumulation; ESOD: Global Ocean CO2 
Emission Caused by Stratospheric Ozone Depletion; ESOW: Ocean 
CO2 Emission in Atmospheric Caused by the Seasonal Ocean 
Warming Due to the Inclination of The Earth Axis; GATM: Global 
Atmospheric Growth In CO2 Concentration; GATM-Here: Global 
Atmospheric Growth in CO2 Concentration; GATM-WCRP: Global 
Atmospheric Growth in CO2 concentration as Calculated by the 
World Climate Research Program; IE: EFOS + ELUC; MLYD: Yearly 
Decrease in Atmospheric CO2 Concentration as Measured by the 
NOAA at Mauna Loa; MLYI: Yearly Increase in Atmospheric CO2 
Concentration as Measured by the NOAA at Mauna Loa; OSE: 
Global Seasonal Ocean CO2 Emission as Hypothesized by the 
WCRP; OSU: Global Seasonal Ocean CO2 uptake as Hypothesized 
by the WCRP; SLAND: Global uptake of Atmospheric CO2 through 
Land Sinks; SLUC: Surface Area of Land use change; SOCEAN: Global 
uptake of Atmospheric CO2 through Ocean Sinks; STOTAL: SLAND + 
SOCEAN; EBDD: Ocean Emission in Atmospheric CO2 Related to the 
Biological Pump; USIM: Ocean Uptake in Atmospheric CO2 caused 
by the Seasonal Ice Melt due to the inclination of the Earth Axis; 
USLGHG: Increase in Northern Pacific Ocean CO2 uptake caused by 
Short Lived Greenhouse Gas Accumulation

Introduction 
Efforts at understanding what drives Earth’s climate date from 

the era of enlightenment when Herschel counted sunspots to predict 
temperature fluctuations [1]. Such early scientists are presented 
today as giants on whose shoulders we stand, but, in retrospect, 
science history narrows down earlier discoveries to the studies that 
are seemingly validating present day views while neglecting others. 
These neglected studies will be newly braided here into a pollutant 
driven climate model for System Earth which would have been 
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impossible without the wealth of data that a CO2 driven model has 
generated for us. 
Early considerations

The work of Foote represent such an early discovery [2]. Foote, 
referring to carbonic acid gas, concluded that “an atmosphere of that 
gas would give our Earth a high temperature”. This is incontestably 
true, but a rapid evaluation of her work (Appendix 1, Figure 1) 
demonstrates that damp air (78% N2 ± 20% O2 ± 1% H2O, and 1% 
of other gases, at the time comprising 0.028% CO2) is as sensitive to 
solar irradiance as pure carbonic acid gas (100% CO2).

Figure 1: Example of erroneous historical validation of the CO2 
driven climate model for system earth. Visualization of the table of 
Foote where her error margin is highlighted as two colours because 
she measured temperature after 2 or 3 minutes. Some experiments 
were shorter than other ones and this analysis gives the rates of 
change for identical duration and identical measuring intervals. It is 
not possible to evaluate how damp her damp air was. Moreover, it 
seems difficult to obtain 100% pure carbonic acid gas as it is very 
unstable.

Tyndall, who repeated Foote’s experiments, found that the 
most important GreenHouse Gas (GHG) was water vapour [3, 4]. 
Arrhenius, who tried to quantify how much of infrared (heat) radiation 
is captured by Carbonic Acid Gas (CO2) and water vapour in Earth's 
atmosphere, did not rule out water vapour as GHG, but found CO2 
to be more effective [5]. The clustering analysis of the data from his 
table II illustrates that the absorption coefficients for CO2 and water 
vapour (Appendix 2) did not differ significantly. 

Arrhenius had dispatched De Marchi’s hypothesis that water 
vapour is the main climate driver on Earth, because it required 
water vapour saturations beyond 100% [5,6]. We know now that 
condensation or crystallisation clouds represent saturation beyond 
100% humidity as particulates function as either Condensation Cloud 
Nuclei (CCN) or as Ice Nucleating Particles (INP). 

Particulates (CCN’s or INP’s) had made their appearance in the 
scientific perception when the Krakatau explosion of 1883 gave a wide 
global atmospheric belt of sky haze in the lower latitudes at altitudes 
well beyond the tropopause [7,8]. The explosion had resulted in an 
unmistakable temperature drop which was explained by the volcanic 
haze reducing solar irradiation [9]. 

Croll’s hypothesis about glacial epochs following orbital forcing 
was also dispatched by Arrhenius who argued that obliquity causes 
identical temperatures on both hemispheres [10]. 

While carbonic acid, water vapour, particulates and the 
Milankovitch cycles had been hypothesized to contribute to our 
present day climate, it is relevant here to understand how carbon 
dioxide was found to represent the chief global temperature driver.
More recent developments

Evidence with respect to the warming effect of GHG followed 
from the “faint sun paradox” [11]. Atmospheric nitrogen compounds 

were expected to explain the high temperatures allowing for water 
to be liquid under the low solar radiation that a young sun would 
represent. Later, these GHG were preferred to be CO2 as “CO2 at 
high concentrations could have performed a similar function as could 
other polyatomic gases” [12]. 

By 1965 it was textbook knowledge that water vapour, carbon 
dioxide and ozone absorb outgoing radiation in the critical part of 
the light spectrum but only CO2 was found to cause global warming 
(Figure 2) [13]. This focus may have followed from the “U.S. 
Standard Atmosphere of 1962” which approaches the atmosphere 
as composed of ideal air devoid of water vapour and dust. But 
instruments continuously registering particle concentrations at high 
altitude were already testifying to a scientific interest under less ideal 
conditions and when air transport moved to stratospheric altitude it 
caused scientific concern with respect to its climatic effect [14]. This 
gap in academic knowledge on aerosols had possibly developed due 
to the cold war [15]. 

Various early governmental reports predicted an increase 
in temperature of 3°C for a doubling of the atmospheric CO2 
concentration [16,17]. The 1983 report did state that “there does not 
appear to have been a significant long-term increase in the aerosol 
level in remote regions of the globe other than possibly the Arctic. 
One cannot even conclude that possible future anthropogenic changes 
in aerosol loading would produce worldwide heating or cooling, 
although carbon-containing Arctic aerosols definitely causes local 
atmospheric heating.” 

In the meantime the tropospheric ozone concentration increase 
in the northern hemisphere was found to stem from photochemical 
reactions with pollutants emitted by high-flying aircraft [18]. The 
properties of ozone as a GHG were not highlighted, in spite of the 
1983 report where tropospheric ozone and water vapour were shown 
to strongly influence surface temperature changes (table 4.1).

The use of water has tripled since the 1960s and its industrial 
use has at least quadrupled but water isn’t considered in terms 
of global temperature. Agriculture does raise concern because 
daytime cooling from irrigation is overshadowed by nocturnal 
warming from cloud cover [19, 20]. Industrial cooling causes 
water to leave the earth surface as hot damp polluted air that 
rises rapidly to stratospheric altitudes. These emissions form and 
pollute both condensation and ice clouds (cirrus), but were not 
highlighted in terms of climate drivers. So, in spite of a broad 
spectrum of known potential climate drivers, earliest efforts, as we 
will see below, focussed on CO2.
Gaia hypothesis

In 1966, the oil industry appointed Lovelock to study a 
geotechnically enhanced biological pump that would draw down 
atmospheric CO2 back into the oceans. This symptom-control-driven 
science led to the first steps at improving our understanding of System 
Earth but left us with the thought that marine algal blooms instead of 
taking up oceanic CO2 take up atmospheric CO2 [21].

By 1974, Lovelock and Margulis had introduced “life” 
(photosynthesis) as a geological force capable of stabilizing the 
early atmospheric temperature to the levels we have today. This is 
the Gaia hypothesis, requiring the seeding of condensation clouds 
with dimethyl sulphides to brighten clouds [12, 21]. Ayers and 
Cainey tried to quantify how algal blooms provide a feedback 
loop between life, marine cloud seeding, temperature, and carbon 
dioxide concentrations, but without success. Later, it was found that, 
apart from sulphides, numerous other particulates played a role as 
CCN [22, 23]. Besides, the Gaia model causing homeostasis was 
inconsistent with the Pleistocene climate cycle characterized by 
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regular temperature and atmospheric CO2 concentration fluctuations. 
The role of ozone

When the first hole in the ozone layer was discovered above 
Antarctica, the focus of the scientific community shifted to the short-
term health implications of ultraviolet radiation while neglecting 
the climate issues related to the ozone depletion in the stratosphere 
[24-26]. In 1990 Yung had already understood that atmospheric CO2 
concentration is regulated by the oceans temperature and demonstrated 
that sulphates react with ozone. Later, it was demonstrated that black 
carbon aerosol (BCA) can carry nitric acid (HNO3) and nitrogen 
dioxide (NO2) and will react with stratospheric ozone converting it to 
oxygen [27,28]. These forgotten insights were ‘rediscovered’ later on 
[29-33]. They are the foundation for the present contribution. 
From a broad set of possibilities to CO2

By the end of the last century the first 1990 International Panel on 
Climate Change (IPCC) request for funding its international research 
was presented to the United Nations by stating upfront: “We are certain: 
there is a natural greenhouse effect which already keeps the Earth 
warmer than it would otherwise be; emissions resulting from human 
activities are substantially increasing the atmospheric concentrations 
of the GHG: carbon dioxide, methane, chlorofluorocarbons (CFCs) 
and nitrous oxide [34]. These increases will enhance the greenhouse 
effect, resulting on average in an additional warming of the Earth's 
surface. The main GHG, water vapour, will increase in response to 
global warming and further enhance it. The size of this warming is 
broadly consistent with predictions of climate models, but it is also of 
the same magnitude as natural climate variability”. Simultaneously 
a NASA research team found that fire generated aerosols enhance 
solar ultraviolet radiation through ozone depletion [35]. This placed 
the ozone-hole in a short-term health context, neglecting the long-
term climate context. Ozone had left the scientific arena as a potential 
climate driver. 
The role of CO2 

A hypothetical backbone of a fully CO2-driven System Earth 
made its public appearance in 2007 as the Global Carbon Budget 
(GCB) where the atmospheric accumulation of CO2 was calculated as 
anthropogenic emission minus ocean uptake plus an unidentified sink 
[36]. The atmospheric increase in CO2 concentration was recorded in 
the Keeling curve, the industrial emission was known, the required 
ocean sink had been established, but the unidentified sink was 
awaiting its discovery [37]. This was provided for a little later  and by 
2016, the GCB had fully developed into the Global Carbon Equation 
(GCE) [38,39]. The later states that the atmospheric increase in 
CO2 (GATM), as recorded by the National Ocean and Atmospheric 
Administration (NOAA) at Mauna Loa reflects what CO2 remains in 
the atmosphere after ocean (SOCEAN) and land sinks (SLAND) took up the 
bulk of the industrially (EFOS) and agriculturally (ELUC) emitted CO2. 
Mathematically it is expressed in the following way:

(EFOS)+(ELUC)=(SOCEAN)+(SLAND)+(GATM)  (0)
This equation is the backbone of most climate models [40]. 

Simultaneously, ozone depletion was considered by another UN 
funded organization, the UN Environment program that developed 
the Montreal Protocol, in order to gain control over the industrial 
production of chlorofluorocarbons (CFC). The focus on CFC’s is 
worrisome as the radical molecules which destroy ozone in the 
troposphere and the stratosphere are ubiquitously present and come 
with industrial pollutants [41,42]. 
The role of aerosols

In the IPCC model of 2022, clouds are presented as a diffuse 

shield. This representation does not do justice to water, which, at the 
pressures and temperatures related to the mass of our planet, is near 
its triple point [43]. This means that small pressure and temperature 
changes result in shifts in its phase causing our planet to be protected 
by a double shield. The external solid shield at the boundary of the 
troposphere and the stratosphere is composed of featherlike solid ice 
(cirrus) clouds. The internal shield consists of condensation clouds 
(stratus, stratocumulus or cumulonimbus clouds), that occupy the 
troposphere. Both cloud layers behave differently. While the ice 
clouds are part of the lower current of the stratospheric Brewer 
Dobson circulation cell and flow toward the poles of the hemispheric 
winter, the condensation clouds are confined to three climate cells 
(the Hadley,  Ferrel and Polar cells) [44,45]. 

Both, cloud type and density, are determined by the availability 
of water and particulates. Water vapour, comprising 1%-3% of the 
tropospheric gases, isn’t limiting the formation of clouds. It is the 
altitudinal distribution of the particulates that determines wat cloud 
type will be formed: At low altitudes particulates and aerosols from 
condensation clouds and higher up they form ice clouds. 

The role of particulates as CCN’s or INP’s in Earth’s albedo 
remained in the focus of the IPCC starting 1997, but also in their latest 
report from 2023 where they endorsed the view that direct negative 
forcing of aerosols masks part of the GHG global warming [46-48]. 
However, in 2023, global climate models still fail at accounting for 
the role of dust concentration [49]. Indeed, it appears that aerosol 
emissions that seed condensation clouds caused regional dimming, 
but cannot explain the subsequent brightening trends [50]. Similar 
types of uncertainties were found for aerosol/ice cloud interactions, 
where albedo effects can be established regionally but can’t be 
repeated in global climate models [51]. 

It is surprising in this respect how the albedo was considered only, 
because Liss and Lovelock had concluded that a cocktail of gases and 
aerosols was reacting with ozone. This is highly relevant as ozone 
depletion cools the stratosphere but warms the troposphere [52, 53]. 
Moreover the photolysis of ozone is often exothermic while winter 
accumulation of ozone in the Arctic can cause seasonal warming 
[54,55]. 

An aerosol-driven System Earth is supported by our knowledge 
from earth history. Indeed, dust (loess) typically characterizes glacial 
maxima of the Antarctic Pleistocene, while charcoal peaks appear 
in their tropics [56,57]. Similarly midlatitudes underwent wildfire 
intensification during the past eight glacial maxima, the intensity 
of which has been found to be inversely correlated with global 
atmospheric CO2 concentrations [58]. 

Natural forest fires do not only produce pollutants such as SO2 and 
NOx, but their high-temperature carries particulates to the tropopause 
where the lower current of the stratospheric Brewer Dobson cell carries 
them to the pole of the hemispheric winter where they can be seen to 
cause the arctic heat anomaly. Indeed, nitrogen compounds are found to 
cause the accumulation of the short lived greenhouse gas ozone [59-62].

That ozone can be seen to accumulate in the troposphere of the 
polar winter night but gets depleted with the return of the light in 
spring. Ozone also gets depleted in the lower stratosphere [63,64]. 
The cycle of ozone, consequently, requires further scrutiny as 
ozone accumulation in the troposphere can cause tropospheric 
warming, while stratospheric ozone depletion results in tropospheric 
warming [33]. 
A role for the arctic heat anomaly

The short lived GHG ozone has been reported to give heat 
accumulation in the troposphere and to result in aberrant polar vortex 
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The cocktails are the UKESM1-0-LL model that includes Volatile 
Organic Carbons (VOC) and the CESM2-WACCM model including 
Secondary Organic Aerosols (SOA) [76] (Table 1). The highest 
determination coefficient (R2) and the lowest probabilities (p), under 
the assumption that industrial emission (IE=EFOS + ELUC) is a proxy 
for atmospheric chemistry, were used to establish that the UKESM1 
model reflects industrial emission best Table 1).

X axis Y axis R^2: p: Equation 

IE UKESM1 0.97837 1.64E-42 Y=-11.36 x2 + 227.5x-
262.8

UKESM1 CESM2 0.95461 1.16E-33 Y=0.0003063 x2 + 1.173 
x-226.8

IE CESM2 0.9511 9.05E-37 Y=-9.12 x2 + 179.2 
x-310.6

Table 1: Comparison between pollutant production and industrial 
CO2 emission. Two functions modelling the net chemical production 
minus loss of O3, UKESM1-0-LL with a focus on Volatile Organic 
Carbons (VOC), and CESM2-WACCM with a focus on secondary 
organic aerosols as shown in Griffiths et al. are compared to the sum 
of fossils fuels (EFOS) plus the emission caused by land use change 
(ELUC) considered in the GCE to reflect industrial emission (IE=(EFOS) 
+ (ELUC)).

The impact of pollutants and industrial CO2 compared
The polynomial regression analyses of Hammer et al. were used 

to compare the determination coefficients (R2) and probabilities (p) 
between the pollutants and the yearly ocean behaviour at Mauna Loa, 
viz. yearly atmospheric CO2 increase (MLYI), yearly atmospheric CO2 
decrease (MLYD) and their difference, being the yearly growth of the 
atmospheric CO2 (GATM) [72]. The number of examined polynomial 
functions was reduced to the 46 most relevant ones by ordering them 
according to best probability (Appendix 8). 
Two methods to calculate atmospheric CO2 growth

Two calculation methods for GATM are compared in here, viz. the 
method followed by the WCRP and present method (Appendix 3, 
Figure 2) [42]. The WCRP evened out seasonality in the atmospheric 
CO2 growth (GATM-WCRP) following Ballantyne et al. [69].

In the present contribution, GATM is calculated by subtracting 
the yearly atmospheric CO2 decrease/ocean uptake (MLYD) from the 
yearly atmospheric CO2 increase/ocean emission (MLYI) from the 
consecutive period (GATM-Here) (Figure 2). 

Figure 2: Details of the Keeling illustrating two ways to calculate 
the yearly atmospheric growth (GATM). Note: A. Method used here in: 
GATM-Here=MLYI-MLYD. B. Method used by the WCRP: GATM-WCRP=ΔC/
Δt. 

behavior. The outer rim of the polar vortex forms the jet stream. 
Lower atmospheric warming, the northern jet-stream intensity and 
sea-ice cover in the Arctic are correlated [53,65]. During the last 
Pleistocene climate cycle there is evidence for the dry trade wind 
and wet storm periods on Hawaii to be related to the intensity of this 
same northern jet stream [66]. Reconstructions of the climate in the 
past provide therefore evidence that not only the Milankovitch cycles 
force climate on Earth, but so do aerosols. Even the frequency of the 
El Niño events in South America can thus be explained [67]. 

Despite the 1987 UN Montreal Protocol that appeared to restore 
the ozone hole above the Antarctic, a second hole appeared in the 
ozone layer above the Arctic in 2020 [64]. Moreover, the annual 
mean Arctic temperature amplification has become increasingly 
clear [68]. So time has come to determine whether the sum of all 
emitted pollutants (aerosols, dust, charcoal, sea spray) rather than 
dimming solar radiation, induces arctic warming through ozone and 
pollutant accumulation and global warming through its depletion in 
the stratosphere.
A new hypothesis for the carbon cycle

In the following it will be demonstrated that seasonal ocean 
emission (OSE) and seasonal uptake (OSU), as defined by the GCE, in 
contradiction to the existing assumptions that the two are equal, do 
not even out [69].

Also, the error margins for the land sinks (SLAND) and the emission 
from land use change (ELUC) will be demonstrated to be too large 
to build upon [70,71]. Moreover the relation between ELUC and 
atmospheric CO2 growth (GATM) will be shown to be the contrary of 
what the World Climate Research Program (WCRP) has expected and 
still expects [39,40]. It will be made admissible that pollutants, rather 
than CO2 emissions, cause global warming and in the wake of this 
global warming, ocean degassing of i.e. CO2. 

This new pollutant driven model for System Earth will be 
substantiated by reconstructing the Keeling curve as the sum of six 
functions determining the GATM as recorded by NOAA in the Northern 
Pacific Ocean, four of which are proportional to industrial pollutant 
emission. This new interpretation of the Keeling curve will be shown 
to be consistent with a vegetation and stratospheric ozone driven 
Pleistocene climate cycle.

Material and Methods
Data sets

The data of Foote and Arrhenius were used respectively for a 
histogram and a principle components analysis in PAST as offered in 
Hammer et al. [72] (Table 2 and Appendices 1,2). 

Analysis of hourly daily and monthly averages of the GATM 
for Mauna Loa and the South Pole are freely available online [73] 
(Appendices 3-6). 

The industrial emissions from fossil fuels (EFOS) came from 
Liu et al [32] (Figure 1). The emission caused by land use change 
(ELUC) is also made available by the website of the Carbon Brief 
[71]. The uptake in atmospheric CO2 by land sinks (SLAND) was taken 
from Gasser et al. [70]. The surface of land use change was taken 
from Winkler et al. [74]. The ocean sink (SOCEAN) values were from 
Bennington et al [75]. Friedlingstein et al. was used for the transfer 
from ppm CO2 to Gigaton (Gt) carbon. Pollutant concentrations in the 
atmosphere from various atmospheric chemistry models over time 
were found in Griffiths et al. [76] (Appendix 7).

Two of these pollutant cocktails were compared to what 
Friedlingstein et al. consider industrial emission (IE=EFOS+ELUC). 
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GATM-WCRP)/actual GATM x 100.
Reconstruction of the Keeling curve

Regional seasonality: Hakkarainen et al. showed that seasonality 
approaches symmetry in the high latitudes of the southern hemisphere, 
unlike the northern hemisphere where it clearly is asymmetrical [77]. 

This symmetry was hypothesized here to reflect the near absence 
of industrial bias to the seasonal warming or cooling in the Antarctic. 
We reproduced such a yearly emission diagram here for the randomly 
chosen period of 1990 to 1996 using the monthly data sets provided 
by NOAA, for both Mauna Loa and the South Pole (Figure 3) [78]. 

Approximation of seasonality on both hemispheres: A 
second-order regression analysis of the monthly atmospheric CO2 
as recorded by the NOAA on Antarctica (Appendix 5) served 
to establish the global ocean emission, expected to be free of 
seasonality (Figure 4). 

This was done on the basis of the selection of highest and lowest 
emission month of each year between 1961 and 2019 as offered by the 
NOAA. The value of the yearly atmospheric decrease/ocean uptake 
in CO2 (MLYD) was calculated by subtracting the lowest monthly 
atmospheric CO2 concentration from that year from the value of the 
highest monthly CO2 concentration preceding it. 

The yearly atmospheric CO2 increase/ocean emission (MLYI) was 
obtained by subtracting the lowest monthly values in atmospheric 
CO2 concentration from the highest monthly concentration following 
it (Appendix 3,9).

The GATM-Here and the GATM-WCRP were calculated for one and for 
three years (Appendix 9). Box plots of GATM-Here and the GATM-WCRP 
were compared with the statistical PAST program [72]. The difference 
between the various calculations of GATM was also evaluated by 
calculating their percentage error as follows: 

Percentage error=averaged GATM–actual GATM (of GATM-Here or 

Figure 3: Visualization of the difference in yearly amplitude between the atmospheric CO2 concentrations in different geographical localities 
for the randomly chosen 1992-1996 period. (a) Mauna Loa (red line), (b) South Pole (black line). The data are from NOAA (Appendix 5). 

Figure 4: Polynomial function drawn through the monthly atmospheric CO2 concentrations as recorded by NOAA on the South Pole between 
1980 and 2022 [79].
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its intensity every year. 
Comparing to the Keeling curve: The sum of all six functions 

(two seasonal, two seasonal-industrial, one biological and one 
stratospheric) represents the monthly atmospheric CO2 concentration 
from 1961 to 2019, which was added to the atmospheric CO2 
concentration of January 1961. This result was compared with the 
monthly Keeling curve (Appendix 10) using a polynomial regression 
analysis.

Results 
The atmospheric increase in CO2 concentration was calculated 

as by the World Climate Research Program [40] (GATM-WCRP) for 
the months of strongest emission (from May to May) and lowest 
emission (from September to September) and were compared with 
box plots to the atmospheric increase in CO2 concentration calculated 
in the present contribution (GATM-Here ). This was done for a period 
of one year, as well as for the average over three years (Appendix 
9). Although this seems just a simple difference in methodology, it 
reflects a fundamental difference in interpretation. While the GATM-Here 
is considered to reflect ocean behaviour being seasonally influenced 
by industrial emission and stratospheric ozone depletion, GATM-WCRP is 
believed to represent the yearly carbon equation, where seasonality 
is evened out because seasonal ocean CO2 uptake is expected to be 
equal to seasonal CO2 emission (Figure 5). 

Figure 5: Box plots allowing for the comparison of six potential 
methods to calculate the atmospheric increase in CO2 concentration. 
Note: GATM-Here 1y: method used herein (GATM-Here 1y=MLYI-MLYD) for 
one year; GATM-Here 3y: method used here in for the average of 3 years; 
GATM-WCRP May 1y: method used by the WCRP (GATM-WCRP 1y=ΔC/Δt), 
from May to May of the former year; (d) GATM-WCRP Sept 1y: method 
used by the WCRP from September to September from the former year; 
GATM-WCRP May 3y: method used from May to May of three years 
before; GATM-WCRP Sept 3y: method used by the WCRP from September 
to September from the three years before. Black dashed rectangle: 
largest spread; blue dashed rectangle: largest interquartile; red dashed 
rectangle: lowest and highest medians.

The comparison of the six methods to calculate GATM indicates 
that the method employed here (GATM-Here) gives the same results as 
for the methods used by the WCRP. Indeed:
• The median of GATM-here as calculated here for a single year is 

slightly inferior to GATM-WCRP for May and September (May 1y, 
Sept. 1y), while the median of GATM-Here for three years is slightly 
larger than the GATM-WCRP for September for three years but equal 

This gave a function of y=8.784*x2E-05 + 102*x + 331.9. 
This function serves to establish the average seasonal amplitude 

in atmospheric CO2 emission of the south pole by subtracting 
the monthly average from the mean determined by the function 
y=8.784*E-05 x2+ 102*x + 331.9

The maximum amplitude of these monthly excursions from 
the regression line for the month of weakest (March) and strongest 
atmospheric CO2 concentrations (December) were summed up, 
averaged and divided by two. This gave an approximation of the 
seasonal southern hemispheric positive and negative atmospheric CO2 
excursions from the global ocean emission. It was varying between 
0.25 to -0.25 ppm (see Appendix 6). Because continents occupy 
approximately 2 x as much surface on the northern hemisphere as 
on the southern hemisphere, the seasonality was expected to vary 
between 0.5 to -0.5 ppm on the northern hemisphere.

Yearly obliquity and industrial uptake: The function of yearly 
ocean CO2 uptake for the Northern Pacific Ocean was made inversely 
proportional to the sea ice extant as found in Yulin et al. [79]. The 
seasonal uptake of maximally -0.5 ppm was made proportional to 
the duration of the melting period [79]. The remaining yearly uptake 
excursion of approximately 4.5 ppm was constructed with the 
expectation that the pollutant emission causes the arctic heat anomaly 
and enhances the arctic ice melt. Therefore, it was made proportional 
to both, the duration of the melting period and the UKESM1 curve 
(Appendix 10).

Yearly obliquity and industrial emission: The seasonal CO2 
emission was made equal to the yearly sum of the yearly uptake in 
CO2 and proportional to the average day length at 60 degrees North 
(Appendix 11).

The function of yearly industrial pollutants enhanced ocean 
CO2 emission for the northern hemisphere was constructed with 
the expectation that the pollutant emission is proportional to the 
heat produced by pollutants in the Arctic, which heat is taken up 
by the oceans resulting in the zone of CO2 emission in the northern 
hemisphere as depicted by Hakkarainen et al. [77]. This pollutant 
induced CO2 emission was spread in a yearly returning series of 
percentages established in comparison to the CO2 emission vague 
as observed in Hakkarainen et al. and proportional to the UKESM1 
curve [76,77] (Appendix 10) (Figure 3). 

Stationary and cumulative functions: The functions of seasonal 
and industrially driven hydrosphere warming and cooling were made 
stationary. For the seasonality of the CO2 emission and uptake, this 
is self-explanatory, as they are driven by recurrent temperatures. For 
industrial pollutants this is explained through thermal energy being 
fully transformed into chemical energy. 

Global warming proportional to pollutant emission: Also, part 
of the solar irradiance energy causes the air mass to be ascending 
in the troposphere. This ascending energy is expected to return to 
chemically energy when the stratospheric ozone layer gets depleted. 
The increase in solar radiation following from the stratospheric ozone 
depletion was made cumulative as the thickness of the ozone layer is 
transformed permanently. It was made proportional to the curve of 
the UKESM1 cocktail [76] (Appendix 10). 

Estimating the impact of El Niño events: The biological 
pump is necessarily part of the chemical solubility pump. It is its 
dysfunction through El Niño events that are seen here to influence 
the carbon cycle, thus resulting in enhanced ocean CO2 emission of 
approximately 0.3 ppm [80]. Such events last several months and are 
here spread from November to January. As we had about 12 El Niño 
events in the past 60 years and no change in its frequency could be 
found, this enhanced CO2 emission was made to occur on 12/60-th of 
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Figure 6: Superimposed box and jitter plots for equation (2). Note: 
GATM calculated as IE-STOT, as GATM-Here (=MLYI-MLYD) for one and 
three year, measured as GATM-WCRP=ΔC/Δt, for the month of May 
and September for one and three years, respectively; the difference 
X between the six calculations methods for GATM basisd on the 
measurements at Mauna Loa and GATM calculated as IE-STOT; red 
dashes line: Median of GATM as calculated here for one year. 

In this box plot we see that X isn’t equal to 0 and remains 
positive. Furthermore when comparing X, for instance, to the diurnal 
fluctuation recorded on the 28-th of July 2024 (>8 ppm CO2 or >16 
Gt C), these differences appear insignificant. But when taking the 
averages of all calculation methods of X (0,395 Gt C) and comparing 
it to the averages of the various parameters of the GCE (Table 3), 
it is clear that the imbalance X represent a high percentage of the 
atmospheric CO2 sinks and sources thus indicating that these data are 
still too tentative to allow for the modelling of the GCE.

Sinks & sources of 
CO2

Average (in Gt C/
year) from 1963 to 

2018

% of the average X 
(0.395 Gt/year) of 
the various sinks 

and sources

SLAND 2.18 18%

SOCEAN 1.91 20%

EFOS 5.97 6%

ELUC 1.27 31%

Table 3: Analysis of average imbalance X in the GCE and the average 
value of the different members of the GCE. Note: The averaged 
values of all sinks and sources were calculated with Appendix 7. The 
average imbalance in the GCE of X was calculated as ((100 /Average 
of sinks & sources)*Average X).

In search of X
According to the WCRP [40] seasonal ocean CO2 emission 

(OSE) and seasonal ocean CO2 uptake (OSU ) are equal and even out. 

to the other calculations of GATM-WCRP for May and September.
• The interquartile range of GATM-WCRP September 1 year is larger 

than all others, including both calculation methods for GATM-Here.
• The same is the case for the spreading of GATM-WCRP September 1 

year.
Moreover, the errors between the averages of all 6 calculation 

methods for the increase in atmospheric CO2 concentration were also 
considered (Table 2). The largest error (-1.56 %) was obtained for the 
3-year calculation of our GATM-Here, and the smallest (0,09 %) for the 
GATM-WCRP from the World Climate Research Program for September 
for 1 year. 

GATM Error margin

GATM-WCRP Sept 3y 1.33

GATM-Here 1y 0.78

GATM-WCRP May 3y 0.38

GATM-WCRP Sept 1y 0.09

GATM-WCRP May 1y -0.97

GATM-Here 3y -1.56

Table 2: Comparison between the six calculation methods for 
atmospheric CO2 growth. Note: Error margin for the average value 
for the atmospheric increase in CO2 concentration (GATM) between 
1963 and 2018 calculated as GATM-Here=MLYI-MLYD for one or three 
years or as GATM-WCRP=ΔC/Δt, when considering the month of strongest 
emission (May) and the month of weakest emission (September) for a 
period of one year and a period of 3 years.

It can consequently safely be said that the GATM-Here calculated as 
yearly ocean CO2 emission minus yearly ocean CO2 uptake reproduces 
the GATM-WCRP as calculated by the World Climate Research Program 
(WCRP) [40]. This means that the following is true.

GATM-Here=GATM-WCRP    (1)

Implications for the Global Carbon Equation
The Global Carbon Equation (GCE) states that the total 

industrially emitted CO2 (IE=EFOS+ELUC) minus total up taken CO2 
(STOT=SOCEAN+SLAND) is equal to the atmospheric increase in CO2 
concentration (GATM), or: 

IE–STOT=GATM-WCRP   (2)
As demonstrated above, GATM-WCRP=GATM-Here=MLYI-MLYD, this 

indicates that the GCE can also be expressed as:
IE–STOT=MLYI-MLYD    (3)
(Or)
(IE–STOT)–(MLYI-MLYD)=X   (4)
If the Global Carbon Equation is correct, then X=0. This is tested 

below with the box plots of the averages of this equation over time 
(Figure 6). 
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Figure 8: Counterintuitive relation between atmospheric CO2 
growth (GATM) and land CO2 sinks and sources. Note: A) Correlation 
between atmospheric growth (GATM) and land use change emission in 
CO2 (ELUC). B) Correlation between atmospheric growth (GATM) and 
CO2 land sinks (SLAND). C) Correlation between atmospheric growth 
(GATM) and the surface area of land use change (SLUC).

A very clear correlation between the development of the sinks 
and source over time and the GATM was not expected here, but the 
statistical analysis between the three should have confirmed the nature 
of the correlation hypothesized by the WCRP. This is not the case. 
The CO2 emission from land use change (ELUC) correlates negatively 
with the atmospheric CO2 growth (GATM). This is confirmed by the 
positive correlation between CO2 land sink uptake (SLAND) and the 
same atmospheric CO2 growth (GATM). The determination coefficients 
are weak, but the probabilities are relevant. Consequently the initial 
hypothesis that agriculture causes CO2 emission and that land sinks 
result in CO2 uptake is either unproven or incorrect. This paradox will 
be explained below and in the discussion section, but here we focus 
on the implications of present results for the GCE. 

The relation established by the WCRP for the GCE between 
industrial CO2 emission and ocean and land CO2 sinks is expressed 
in (9):

(EFOS+ELUC)–(SOCEAN+SLAND)=GATM   (9)
In our statistical analysis (Fig 8) land use change CO2 emission 

(ELUC) decreases as atmospheric CO2 growth (GATM) increases, 
while land sinks CO2 uptake (SLAND) increase as GATM increases. It 
is consequently diametrically opposed to the original GCE. Because 
in Figure 8 SLAND appears to emit CO2, while ELUC appears to take it 
up, in spite of the statistics being weak, they rather reflect a GCE 
expressed as: “assuming seasonality evens out, all emitted CO2 (EFOS 
+SLAND ) minus all up taken CO2 (SOCEAN +ELUC) reflect atmospheric 
CO2 growth (GATM)” which in mathematical terms looks like the 
following equation (10):

(EFOS +SLAND)–(SOCEAN+ELUC)=GATM  (10)
This paradox is elucidated when comparing the surface of land 

use change (SLUC) to GATM (Figure 8 C). It is a positive correlation 
and indicates that something other than ELUC is causing atmospheric 
CO2 growth (GATM) and that this new factor correlates to the surface 
of land use change (SLUC). 

As was explained in the introduction, volatile organic carbon, 
water vapour, black carbon, aerosols and pollutants play a part in the 
mitigation of cooling at the glacial maximum; here we hypothesise 
that the surface of land use change is a proxy for the emission of such 
pollutants. 
A new hypothesis 

Thus we can deduce that the Global Carbon Equation stating 
that atmospheric CO2 growth (GATM) represent the difference between 
Industrial Emission (IE) and natural sinks (STOT) is debatable because it

Also according to the WCRP the yearly CO2 emission (MLYI) is the 
industrial CO2 emission (IE) plus the seasonal ocean CO2 emission 
(OSE). This can also be expressed as: 

MLYI=IE+OSE  (5)
Still according to the WCRP [40], the yearly CO2 uptake (MLYD) 

is the total of the CO2 sinks (STOT) plus the seasonal ocean CO2 uptake 
(OSU). This can be expressed as:

MLYD=STOT+OSU  (6)
As IE, STOT, MLYI and MLYD are known, OSU and OSE can be 

calculated (Appendix 12). 
OSE=MLYI–IE  (7)
OSU=MLYD–STOT  (8)
The box plots of these yearly calculations indicate that the 

difference between the seasonal ocean emission (OSE) and the 
seasonal ocean uptake (OSU) is positive, significant and equal to X 
for a calculation using the GATM-Here for one year (Figure 7). All other 
five calculation methods of X and GATM based on the data at Mauna 
Loa give similar results but are not shown here for practical reasons. 
This indicates within the approach to the GCE by WCRP the basal 
paradigm [69] (that OSE and OSU are equal and could be made to even 
out) is not true. 

Figure 7: Box plots illustrating that X, the imbalance in the GCE, 
is positive and reflects the difference between seasonal ocean CO2 
emission and seasonal CO2 uptake. Note: MLYI: yearly atmospheric 
increase in CO2, MLYD yearly atmospheric decrease in CO2, IE: Total 
of the industrial emission (EFOS+ELUC), STOT: total of the CO2 sinks 
(SOCEAN+SLAND), OSE: Seasonal Ocean Emission, OSU: Seasonal Ocean 
CO2 uptake, GATM: GATM-Here 1y.
X compared to land sinks and land use change over time

Quite obviously, the disbalance X, within the GCE is mild, but 
nonetheless about 18 % of the average yearly atmospheric CO2 
uptake through land sinks and even 31 % of the emission through 
land use change [70,71].

The imbalance in the GCE not only represent a high percentage 
of the yearly land sinks and sources, but large error margins were also 
said to exist in the data sets from the original registrations [70]. It is 
therefore relevant here to review the relation between atmospheric 
CO2 growth (GATM) and land use change (ELUC) or land sinks (SLAND) 
(Figure 8).
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The R2 values in Table 4 indicate that pollutants determine 54% 
of the yearly ocean CO2 emission (MLYI), 9 % of the yearly ocean 
CO2 uptake (MLYD) and 40 % of the tropospheric increase in CO2 
concentration (GATM). This indicates that industrial pollutant emission 
influences both ocean CO2 uptake as ocean CO2 emission but the 
emission more than the uptake. 
Ocean behaviour over time 

When comparing monthly and yearly ocean uptake and emission 
over time it appears, indeed, that both their intensities increased over 
time. While ocean uptake, on a monthly basis, is more intense than 
ocean emission, the duration of ocean emission is longer than the 
duration of ocean uptake (Figure 9). This results in a near systematic 
dominance of yearly ocean CO2 emission over yearly uptake. This 
intensity and duration analysis also indicates that for the period of 
1961 to 2019, the duration in month of ocean uptake decreased in 
favour of ocean emission.

Figure 9: Ocean CO2 uptake and emission. Note: A. Duration of 
ocean CO2 uptake (red) and CO2 emission (black) compared. B. 
Monthly ocean CO2 uptake (red) and monthly ocean CO2 emission 
(black) compared. C. Yearly ocean CO2 uptake (red) and yearly ocean 
CO2 emission (black) compared. 

Interpretation 
A heat anomaly stemming from the high latitudes: Seasonal 

CO2 ocean emission, appears in the early spring in the high latitudes 
of the Northern Pacific, moves gradually towards the low latitudes 
until June, after which it disperses in southern direction [81]. 

This emission wave is interpreted here to result from heat for 
which we invoke the Le Chatelier principle. It states that changes in 
temperature, pressure, volume, or internal concentration of a solute, 
each and all can shift the equilibrium state of the solute [82]. The 
oceans are a chemical solute with a constant pressure and volume. 
Hence, only temperature will shift the internal concentration of its 
solutes. 

Pollutants causing the arctic heat anomaly: Tropospheric 

• Leans too heavily on tentative estimates for SLAND and ELUC; 
• Represent a debatable hypothesis on the relation between SLAND 

and ELUC and GATM; 
• Requires that, within the GCE, seasonality is evens out, which is 

not the case.
From here on, the GCE is abandoned and the new hypothesis that 

GATM simply reflects the difference between ocean emitted and up 
taken CO2, is explored. 
Implications of the new hypothesis

The chief implication of this new interpretation of GATM as ocean 
generated is that, if ocean emission (MLYI) is superior to ocean uptake 
(MLYD ), this positive imbalance can only be explained by the oceans 
releasing more CO2 than that they take up. This means that the oceans 
are not taking up an excess in industrial CO2 and that industrial CO2 
emission is not or hardly perceived in the troposphere. As industrial 
CO2 isn’t clearly perceived in the troposphere it doesn’t accumulate 
there and consequently industrial CO2 can’t cause global warming. 

In the absence of CO2 as the chief driver for global warming and 
taking into account that the surface of land use change, being a proxy 
for pollutant emission, plays a part in the atmospheric CO2 increase 
(Figure 8), it will be demonstrated in the following that pollutants 
can, indeed, induce the warming that causes oceans to release their 
gases. 

Having reviewed, in the introduction, the diversity in potential 
climate drivers, we then build on Liss and Lovelock [52] who 
predicted that it was “… perhaps naïve to think that one gas acting 
alone (e.g. dimethyl sulphide) is responsible for particle formation; 
it is much more likely that a cocktail is involved. Many of these 
gases also play potentially important roles in air quality, particularly 
halogens in ozone destruction”.
Comparing pollutant emission and ocean behaviour 

UKESM1 being the pollutant cocktail that compares best with 
industrial CO2 emission (Table 1), the relation between yearly ocean 
emission (MLYI), the yearly ocean uptake (MLYD) and their difference 
(GATM) are compared here (Table 4). 

X-axis Y-axis R2 p: Equation 

UKESM1 MLYI 0.5442 3.96 E-11 0.0116 x + 7.537

UKESM1 GATM 0.40494 7.94 E-08 0.00835 x - 2.982

UKESM1 MLYD 0.09629 1.78 E-02 0.002422 x + 10.52

Table 4: Comparison between pollutant emission and Northern 
Pacific Ocean behaviour. Note: The determination coefficients (R2) 
and probabilities of not being correlated (p) from a polynomial 
regression analysis between of pollutants (UKESM1) to the yearly 
ocean CO2 emission (MLYI), yearly ocean uptake (MLYD) and their 
difference (GATM) are shown here.



Citation: Waveren IV (2025) Gaia, Revisited: Atmospheric CO2 as a Symptom of a Vegetation Ozone Driven Climate Cycle .Geoinfor Geostat: An Overview 
13:2.

• Page 10 of 21 •Volume 13 • Issue 2 • 1000423

CO 0 .045 0 .01 0 .000583333

He 0 .04 0 .0013 0 .000645

O2 0 .07 0 .0225 0 .000791667

Ar 0 .1 0 .03 0 .001166667

C2H6 0 .13 0 .02 0 .001833333

C2H4 0 .28 0 .12 0 .002666667

CO2 3 .45 0 .6 0 .0475

H2S2 7 1 .5 0 .091666667

Cl2 10 3 .2 0 .113333333

SO2 225 25 3 .333333333

NH3 900 180 12

Table 5: Solubility indicators for pure gases. Note: The solubility 
indicator was calculated by subtracting a gas’s concentration in 
water arbitrarily chosen at 60 °C, from its equally arbitrarily chosen 
concentration at 0 °C and dividing it by 60 ((concentration in g gas/ 
kg water at 0 °C )-(concentration in g gas/ kg water at 60 °C)/60). It is 
summarized here for gases at one atmosphere under air with a normal 
composition. Data were found in the Engineering toolbox. This 
indicates what gases are more soluble than CO2, and consequently 
have already escaped the ocean when CO2 has escaped; such data are 
not readily available for SF6.

These ocean emitted gases ascent to the stratosphere at the equator 
where they are interpreted here to cause ozone depletion [96]. Global 
stratospheric ozone anomalies were indeed described by Hassler et al. 
as related to aerosol emissions and they depicted a clear decrease in 
stratospheric O3 percentages over time [30]. The figure 6 of Hassler 
et al. is even reminiscent of the warming stripes of Hawkins [98]. 
A thinning stratospheric ozone layer gives stratospheric cooling and 
global tropospheric warming [33].

Pollutants also enhancing seasonal CO2 uptake: Yearly 
ocean CO2 uptake (MLYD) is interpreted here as related to a growing 
volume of cold arctic water forming each year, because of a larger 
amount of industrial pollutant emission is expected to results in more 
heat generated each year and a larger volume of melted ice [99]. 
Atmospheric CO2 uptake can be seen as related to the sea-ice melting 
processes. 

Atmospheric increase in CO2 concentration: The atmospheric 
increase in CO2 concentration (GATM) has been demonstrated in the 
results above to represent the difference between yearly CO2 ocean 
emission and its uptake. It has a R2 in correlation to UKESM1 that is 
9% higher than the average of the sum of emission and uptake. This 
suggests that some of the atmospheric growth in CO2 concentration 
cannot be explained by the UKESM1 pollutant emission alone. 
First of all, UKESM1 does not cover all the pollutants as Secondary 
Organic Aerosols having a probable albedo effect are less represented 
[76]. Some of the atmospheric growth in CO2 concentration can also 
be explained by the greenhouse effect of all the gases escaping from 

ozone is formed in the presence of pollutants and lightning [83]. It 
accumulates at the poles because it has a photochemical reaction with 
volatile organic carbons [84]. 

Because the reactions are photochemical ozone accumulates in 
the Arctic winter night and only starts reacting when light returns 
in spring. The ozone enriched air mass becomes relatively warm 
because the reactions with ozone can be exothermic and ozone is a 
Short Lived GHG. These processes are interpreted as responsible for 
the Artic heat anomaly. 

Sources of pollutants reaching the Arctic: As explained in the 
introduction, natural forest fires produce massive quantities of SO2 
and other pollutants like NOx or NH3 [59,60]. Both forest fires and the 
burning of coals generate soot particles found in the atmosphere 
[85]. Smoke from wildfires also contributes to particulates in 
the stratosphere as recent wildfires are reported to have brought 
smoke into the stratosphere of Canada, United States and Australia 
[86-89]. 

All these fires reflect complete and incomplete combustion of 
organic molecules forming pollutants as for instance alkenes. Alkenes 
occur in the natural system in cuticular waxes of plants [90]. Such 
molecules also contribute to (green) fossil fuels, rubbers (natural and 
industrial), and to plastics [91]. Hence, fire (natural and industrial) 
injects pollutants in the troposphere. Elevated temperatures or simple 
air transport bring the particulates to the tropopause where they form 
INP to the cirrus clouds [92-93]. Polluted cirrus clouds concentrate 
yearly in each hemispheric winter pole driven by the lower current of 
the Brewer Dobson stratospheric circulation cell [44]. 

The arctic heat anomaly causing ocean emission: Aleutian low 
events from the Northern Pacific Ocean are reported to respond to 
anthropogenic forcing [94]. The Self-lofting CHemically reactive 
Arctic Winter accumulated Air Bubble (SCHWAB) described above, 
is considered here to cause such events but also the Hawaiian High 
as can be inferred from Holocene Vegetation fluctuations on Hawaii, 
thus intensifying the storms that incorporate heat into the ocean by 
deepening the thermocline [95]. As the thermocline deepens, the 
ocean warms and releases its gases, amongst other CO2. These gases 
come to enrich the ascending air mass in the upwards air currents 
from the Hadley cell, which we can follow thanks to the science 
community’s focus on CO2 [96]. This air mass appears in the Arctic 
high latitudes/ low altitudes and escapes to the stratosphere in the 
low latitudes/high altitudes [96]. The amount of pollutants reaching 
the high latitudes is considered here to determine the intensity of the 
Arctic heat anomaly and the size of the SCHWAB.

Ocean emission causing stratospheric ozone depletion: Part 
of the heat generated by the SCHWAB gets incorporated in the 
ocean through storms, lowering the thermocline which results in the 
emission of a broad spectrum of ocean gases as illustrated here [95-
97] (Table 5). 

Gas type
Concentration 

in water at 
0˚C

Concentration 
in water at 

60˚C

Solubility indicator 
((concentration at 

0˚C - concentration 
at 60˚C)/60)

H2 0 .0019 0 .00115 0 .0000125

N2 0 .029 0 .01 0 .000316667

CH4 0 .04 0 .012 0 .000466667



Citation: Waveren IV (2025) Gaia, Revisited: Atmospheric CO2 as a Symptom of a Vegetation Ozone Driven Climate Cycle .Geoinfor Geostat: An Overview 
13:2.

• Page 11 of 21 •Volume 13 • Issue 2 • 1000423

in stratospheric cooling and in turn global tropospheric warming and 
global CO2 emission.”

When expressing this new hypothesis in an equation, the Northern 
Pacific Carbon Equation (NPCE), the atmospheric increase in CO2 
concentration can be re-defined as: 

Figure 11: Details of the 6 functions that determine the uptake and 
emission of CO2 by the northern Pacific Ocean and their sum (∑1-6). 
Note: (1) Black: ocean CO2 uptake following from an increase in 
ocean water solubility due to ocean cooling related to seasonal ice 
melt (USIM). (2) Red: increase in ocean CO2 uptake following from 
an increase in ocean water solubility due to ocean cooling related 
to seasonal melt driven by the short lived GHG (USLGHG). (3) Blue: 
ocean CO2 emission through failing biological draw down (EBDD). 
(4) Dark green: ocean CO2 emission following from a decrease in 
ocean water solubility due to seasonal ocean warming (ESOW). (5) 
Turquoise: increase in ocean CO2 emission following from a decrease 
in ocean water solubility due to ocean warming related to seasonal 
tropospheric heat anomaly stemming from the short lived GHG 
accumulation in the Arctic (ESLGHG). (6) Purple: CO2 emission from 
cumulative ocean heat uptake throughout the year because of ozone 
depletion in the stratosphere, (ESOD). (7) Apple green: monthly sum of 
all these functions (Sum 1-6).

GATM=(ESOW+ESLGHG+ESOD)-(USIM+USLGHG+UBDD) (11)
Where:
ESOW: Ocean CO2 emission following from seasonal ocean 

warming. This function is stationary as it relates to the inclination of 
the Earth axis. 

ESLGHG: Increase in ocean CO2 emission caused by the heat 
generated by the (Short Lived) greenhouse gas in the SCHWAB. This 
increase in ocean emission is made proportional to pollutant emission. 
It is stationary as with the evaporation of the latent heat generated by 
the yearly Arctic heat anomaly is probably fully consumed.

ESOD: Ocean CO2 emission caused by stratospheric ozone 
depletion. Stratospheric ozone depletion follows from ocean emitted 
GHG  ascending to the stratosphere because of the warming ocean. 
This stratospheric ozone depletion gives tropospheric warming and 
is made proportional to pollutant emission. This function is made 
cumulative as stratospheric ozone depletion is presently irreversible. 

USIM: Ocean uptake in atmospheric CO2 following from the 
seasonal ice melt increasing ocean water solubility (related to the 
inclination of the Earth axis). This function is stationary as it relates 
to the inclination of the Earth axis. 

USLGHG: Increase in ocean uptake in atmospheric CO2 following 
intensified ocean cooling caused by the short lived GHG in the Arctic 
heat anomaly. This increase in ocean uptake is made proportional to 
pollutant emission. It is stationary as the ocean cooling and hence the 
CO2 uptake stops as soon as the ice starts accreting again and cold 
water isn’t added to the ocean anymore.

the warming northern Pacific sea surface. In this way they contribute 
to further emission while they travel up to the stratosphere, as for 
instance other gases more soluble than CO2 (Table 5). Finally this 
difference can also be explained by the pollutants brought directly 
into the stratosphere during air transport or by being produced at such 
high temperatures (for instance cement [100]) that the pollutants end 
up directly in the stratosphere. Each and all of these processes together 
in various ratios can be seen to contribute to the acceleration of the 
dominance of the Northern Pacific Ocean CO2 emission over its uptake.

Duration of CO2 emission versus CO2 uptake: Starting 1980, 
the duration of yearly ocean emission increased (Figure 10). Yulin 
et al. show that changes in the rate of decrease in sea ice extent 
occurred by the end of the nineties of the former century [79]. In 
recording the moment of highest CO2 uptake each year, the start of 
the uptake season is seen to shift very mildly from April to May while 
yearly ocean emission starts earlier in August instead of September 
(Appendix 13). This results in a slightly shorter uptake period as such 
intensifying the difference between ocean CO2 emission and Ocean 
CO2 uptake. 

Figure 10: Analysis of how the emission season became longer than 
the uptake season, for 60 years, each time considering 2 decades. 
Note: A. transition from emission to uptake moves to a later period. 
B. transition from uptake to emission moves to an earlier period.
The Northern Pacific Carbon Equation

As demonstrated in the results, the Global Carbon Equation 
(GCE) is neither in balance nor does the statistical analysis of the 
relation between is components support its present formulation. 
There is consequently reason to explore a new hypothesis for what 
determines the Keeling curve in the Northern Pacific Ocean. It can be 
expressed as follows: 

“Pollutants cause tropospheric arctic winter ozone accumulation 
resulting in a relatively warm self-lofting chemically reactive air 
bubble (SCHWAB) starting its ascent as soon as light returns to the high 
latitudes. The trajectory of the SCHWAB influences and is influenced 
by existing pressure systems and causes storm intensification. The 
storm intensification results in the incorporation of part of the arctic 
heat anomaly into the Northern Pacific Ocean. The warmed Northern 
Pacific Ocean releases its gases because the solubility of gases depends 
on the temperature of the water they are in. The arctic heat anomaly is 
probably fully consumed by vaporisation and the oceans do not warm 
up cumulatively through the intensification of the arctic heat anomaly 
but through the ocean emitted gases  ascending to the stratosphere 
where they deplete ozone. The stratospheric ozone depletion results 
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The various components of the Northern Pacific Carbon Equation 
are presented in detail as macros in Appendix 10 and are explained 
further in the following. 
Stationary symmetrical and asymmetrical functions

Seasonality manifests itself nearly identically in both 
hemispheres. True seasonal ocean emission through warming (ESOW) 
and seasonal ocean uptake through seasonal Arctic melting and hence 
ocean cooling (USIM), are determined by inclination of the earth’s axis 
and are consequently symmetrical on a yearly basis. 

The emission was spread to match day length. Various latitudes for 
day length were explored but the highest latitude gave the best results, 
thus indicating the Northern Pacific Ocean is strongly influenced by 
the Arctic. Industrialisation manifests itself chiefly in the northern 
hemisphere through the accumulation of pollutants during the arctic 
polar night when photolysis is impeded. 

In the northern hemisphere industrial pollutant emission first 
causes a mild increase in CO2 uptake (and other gases, many being 
more soluble than CO2, see Table 5) after it causes an intensified 
ocean gas emission where the SCHWAB appears not only to be self-
lofting but also self-enriching in GHG, thus making the industrial 
influence asymmetrical on a yearly basis.
A cumulative function

The solubility of gases at various temperatures (Table 5) indicates 
that when CO2 is emitted, H2S2, Cl2, SO2 and NH3 are also emitted. 
In this respect sulphur dioxide (SO2) and chlorine (Cl2) are extremely 
relevant as their emissions into the stratosphere cause ozone loss 
when the chlorine (Cl2) loading of the stratosphere is high [101]. 

Sulphur hexafluoride (SF6) also needs mentioning as it is both 
a very potent GHG and it is reacting with stratospheric ozone 
[102]. Atmospheric SF6 has been increasing and the asymmetrical 
distribution pattern between the northern and the southern hemisphere 
suggests it reflects the same type of processes as those described here 
for CO2 [103]. 

These temporary chemical ocean warming effects are considered 
here to cause the global stratospheric ozone depletion that gives 
stratospheric cooling and in return global tropospheric warming 
again [33]. This tropospheric warming explains the gradual increase 
in global ocean CO2 emission (ESOD) and was made proportional to 
the UKESM1 function [76]. 
The biological pump (EBDD)

The relation between the ocean sinks (SOCEAN) and the yearly GATM 
at Mauna Loa (Figure 13), shows that the two are co-varying [75]. 
This seems to indicate that as the northern hemisphere gets warmer 
the ocean CO2 sinks become larger, which is conceivable as more 
cold water means more CO2 uptake. 

This chemical effect is feeding both the CO2 solubility pump 
and the biological pump because cold water simply contains more 
dissolved gases which will serve the biological CO2 drawn down. 

The solubility and the biological pump are consequently 
impossible to disentangle but the biological pump has no bearings for 
the SOCEAN, and thus the GATM. Nonetheless, considering the potential 
weakening of the Atlantic MidOcean Circulation and knowing 
that the El Niño southern Oscillation is part of the general ocean 
ventilation, the slowing down of the AMOC was expressed as regular 
CO2 emission [104,105]. 

EBDD: Ocean emission in atmospheric CO2 related to a 
dysfunctional biological CO2 drawdown caused by El Niño events 
off the coast of Peru [80]. The best impression of how these functions 
intertwine can be obtained when zooming in on a shorter period at 
the beginning of the relevant period, before the cumulative function 
drags all other functions apart (Figure 11). 

When adding the atmospheric CO2 concentrations measured at 
Mauna Loa by the NOAA in May 1961 up (Appendix 10) to the sum 
of all functions in the following way: 

GATM=((ESOD+ESLGHG+ESOW) - (USLGHG+UBDD+ USM)) + 316,89 ppm 
(12) 

And comparing the data set for each month as offered by the 
NOAA to the function expressed with the above equation (Figure 11) 
with a regression analysis generated by the statistical program PAST 
it is found that they are practically identical. Indeed the probability 
that the two are not identical is 0 (p=0), and they have a determination 
coefficient of 0.9989 (Figure 12).

Figure 12: Comparing the monthly reconstruction of the Northern 
Pacific Carbon Equation (NPCE) basisd on the assumption it is 
pollutant driven, and the monthly atmospheric CO2 concentrations 
recorded by NOAA at Mauna Loa. Note: A. Function (black) 
expressing the reconstructed pollutant driven north Pacific CO2 
emission behaviour (GATM ML-MONTH) compared to (red) the monthly 
recording of the CO2 concentration at Mauna Loa as placed online 
by the NOAA. B. The regression analysis comparing both functions. 
Details of the functions are given in Appendix 10. 
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Mitigation of the Pleistocene warming phase
Starting at an interglacial maximum and going toward the 

next glacial maximum, the global kinetic imbalance (OUT>IN) 
is interpreted as driven by photosynthesis taking H2O and CO2 out 
of the troposphere into vegetation and sinks, but leaving O2 behind 
(CO2+H2O=> C6H12O6 (organic molecule)+O2). This leads to an ever 
more oxygen rich and inflammable troposphere. In this early cooling 
phase, the air is warm and damp, forms condensation clouds rather 
than ice clouds and fire is rare, the cirrus cover is minimal is minimal 
as the tropopause, which altitude can be seen as thermally defined, 
has just expanded [108]. Forest fires have approached their minimum 
due to profuse precipitation and heat favouring angiosperms over 
gymnosperms. The heat reflected by both the condensation clouds 
and the earth surface during the early cooling phase can escape 
rapidly from the troposphere. Because forest fires are scarce, the 
SCHWAB, generated by these forest fires, is weak and little ocean 
emitted gases accompanied it to the stratosphere. Water, CO2 and 
potentially reactive molecules like VOC, NO and CO [109] are 
incorporated in the vegetation and its sinks and tropospheric ozone 
formation is weak, but its stratospheric depletion is even weaker as 
oceans hardly emit gases. The stratospheric ozone layer is thickening. 
The stratosphere is warming and the troposphere is cooling.
Mitigation of the Pleistocene cooling phase

Starting at an glacial maximum and going toward the next 
interglacial maximum, the global kinetic imbalance (IN> OUT) 
is interpreted as caused by aridity and a high atmospheric O2 
concentration because atmospheric CO2 and H2O are buried as 
organic molecules in sinks. Vegetation that concentrated increasingly 
in the low latitudes and altitudes is composed chiefly of fire prone 
gymnosperms occupy a larger proportion of the vegetation cover while 
angiosperms like Lithocarpus, having relatively high concentrations 
of inflammable alkanes and a co-evolution with fire peak in the 
tropics [110]. As the climate cools fire frequency increases due to 
increasing O2 concentrations related to the ongoing photosynthesis, 
but also increases due to the intensification of the aridity related to 
the colder climate. The self-lofting gymnosperm forest fires inject 
incompletely combusted organic molecules and other pollutants into 
the tropopause where they form IPN to the cirrus clouds [111]. The 
cooling to warming threshold is attained when the SCHWAB fed by 
the pollutants from the forest fires that reached the Arctic, is large 
enough to cause the storms that will incorporate the natural arctic heat 
anomaly into the oceans. 

This is when the ocean starts degassing, a.o. CO2, but much 
more importantly chlorine (Cl2), sulphur dioxide (SO2) or ammoniac 
(NH3) being much more soluble and reactive with ozone than CO2. 
The spectacular reactivity with ozone of gases like C2H2/Ar/O2, 
being slightly less soluble in water than CO2, do need mention in this 
context. Indeed warming conditions just beyond those allowing for 
CO2 emission conditions can result in C2H2/Ar/O2 degassing which 
deplete stratospheric ozone very rapidly [112]. Such intense and 
sudden ocean gas emissions cause the stratospheric ozone depletion 
that introduces the Pleistocene warming phase. 
A vegetation/stratospheric-ozone response system

The Pleistocene climate cycle is interpreted here as determined by 
vegetation composition, which fire frequency influences the quantity 
of the airborne pollutants. These pollutants determine the size of the 
SCHWAB, and consequently the degree of the storm intensification. 
This intensification determines the nature and the quantity of the 
ocean released gases that react with stratospheric ozone.

Figure 13:  Ocean CO2 Sinks (SOCEAN)and yearly northern Pacific 
CO2 (MLYD) uptake compared. Note: Regression analysis comparing 
the 827 ocean sinks (SOCEAN) [75] and yearly atmospheric growth 
GATM as measured at Mauna Loa. Regression analysis comparing 
the ocean sinks (SOCEAN) and yearly atmospheric growth GATM as 
measured at Mauna Loa.

Fitting the NPCE in the Pleistocene climate cycle 
The sawtooth pattern identified by Maslin and Brierly in the 

four last Pleistocene climate cycles [106, 107]. Indicates that each 
cycle is typified by slow cooling (approximately 100,000 years) 
and rapid warming (approximately 10,000 years). These cycles are 
typically accompanied by a slow increase and a rapid decrease in dust 
concentration (Figure 14). When introducing the stratospheric ozone 
cycle into a Pleistocene climate cycle, slow cooling has to reflect 
slow stratospheric ozone accumulation, while rapid warming has 
to reflect rapid stratospheric ozone depletion causing earth surface 
warming. The CO2 concentration in the ocean being directly linked 
by the Le Chatelier principle to water temperature, this means that 
stratospheric ozone accumulation causes oceans to take up more CO2 
than they release, while stratospheric ozone depletion causes oceans 
to release more CO2 to the atmosphere. For the Pleistocene the focus 
is on dust and charcoal (aerosols/ particulates), as both are inversely 
proportional to CO2 and temperature [107]. We examine here how the 
natural organic compounds (VOC’S) and pollutants that vegetation 
emanates or produces through (partial) combustion can play a part in 
these shifting ozone balances.

Figure 14: Sawtooth pattern projected on the four last climate cycles. 
Note: Blue lines: temperature anomaly (Δ t in Co), green lines: CO2 
atmospheric concentration (in ppm), red lines: dust concentration(in 
ppm), grey vertical bar: glacial (after Petit et al. [107]). 
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again these cycles have periods being differing from the vegetation 
driven ones and are superimposed on the latter [114]. 

Three sunspot related cycles (unnamed ~9.7-ka; ‘Heinrich-
Bond’ ~6.0-ka; Hallstatt ~2.5-ka), have also been demonstrated to 
play a minor but periodic role in Earth’s climate forcing during the 
Pleistocene, these reflect functions that are also superimposed on the 
other ones [115].

The Pleistocene temperature curve, composed of numerous 
superimposed functions, is strongly serrated and also requires events 
of higher and more irregular frequencies to explain the observed 
patterns. Historical evidence of volcanism, being irregular can also 
be seen to determine the temperature and CO2 patterns from the 
Pleistocene. Indeed eruptions are known to have an impact on climate 
[9]. Insight in volcanic intensity and frequency supports this [116]. 

Meteorites also can have an impact as they produce high 
concentrations of dust in the stratosphere as was measured with the 
Chelyabinsk meteorite [117]. Meteorites strike Earth’s atmosphere 
annually, but bigger impacts occur at century or millennium frequency 
[118]. Meteorites consequently, can cause unexpected serration to the 
Pleistocene temperature curve and in its wake, the atmospheric CO2 
concentration. 

Finally, grazers may have impacted the length of the cooling 
period by rapidly promoting the fire prone grasslands over forested 
areas [119]. This complex co-evolutionary process offers an 
explanation for the lengthening of the cooling period. Thus grazing 
known to supress forest growth can be considered to have resulted 
in the lengthening of the cooling period of each Pleistocene climate 
cycle. 
Industry mimicking the Pleistocene warming phase 

What was sketched above is a natural Pleistocene climate cycle, 
but industrial emissions producing pollutants can have the same effect 
[14]. Considering the influence that the Brewer Dobson Cell has on 
stratospheric gas mixing, industrially emitted gases can be seen to 
impact ozone indirectly through transport to the poles or through 
direct hot injection in the stratosphere. A relation between ozone 
depletion and climate is not contested in the IPCC reports, but since 
2007, the causality of relation has often been inverted in the scientific 
literature, in spite of earlier work demonstrating that aerosols cause 
stratospheric ozone depletion [30,44,120]. 
Where are we now within the Pleistocene climate cycle? 

In the past 140 000 years, there were 110,000 years of cooling 
and 10,000 years of warming while the interglacial maximum had 
a duration of approximately 10,000 years, comprising about 5000 
years of climatic stasis and 5000 years probably representing a slow 
start of the cooling phase [121]. The amplitude of the temperature 
during the Pleistocene was of 10 to 12°C, and the amplitude of the 
CO2 concentration was of 100 to 120 ppm. This indicates that (on 
average!) cooling took place by 0.1 degree Celsius and 1 ppm CO2 
every 1000 years, while warming was of approximately 1°C and 10 
ppm /1000 years. Warming in the natural cycle was consequently 
about ten times faster than its cooling. During the long Pleistocene 
cooling phase minor uptake imbalance events were only required to 
occur once every 1000 years. During the short warming phase ocean 
CO2 emission required an imbalance every 10 years. 

During the past 60 years, ocean emission as measured at Mauna 
Loa by the NOAA was of approximately 120 ppm of CO2. As this 
dramatic excursion of the atmospheric CO2 has the amplitude of a 
glacial cycle, and considering that it took place 100 x faster than 
during a natural warming phase, it cannot be said that it is accidental. 

Gaia revisited
The pollutant formation in the natural Pleistocene climate cycle 

reflects a response system between the vegetation composition and 
the thickness of the ozone layer. Cooling circumstances reduce 
the expansion of the deciduous angiosperms while favouring the 
expansion of the conifer forests having a regenerative cycle through 
fire. When a fire pollutant threshold is crossed the SCHWAB 
intensifies sufficiently for the Northern Pacific pressure systems to 
unleash the ocean gases that deplete the stratospheric ozone and the 
warming phase is initiated. The warming circumstances restore the 
ratio between angio and gymnosperms, pollutant emission is reduced, 
the SCHWAB weakens and stratospheric ozone can accrete again.

This interpretation of the Keeling curve echoes the response 
system of Lovelock [12] between algal blooms and cloudiness, 
known as the Gaia theory, but here the drivers are pollutants from 
fires and the response system is between the stratospheric ozone and 
the vegetation composition.

This model is partly complementary to the model of Ellis 
and Palmer leaning on the albedo of the polluted ice intensifying 
Milankovitch eccentricity cycles. But during the Pleistocene the 
climate cycles become slightly longer each time, do not really match 
the eccentricity cycles but can be seen as modulating them (Figure 
15) [113].

Figure 15:  Comparison between the four last climate cycles and the 
Milankovitch cycles. Note: Blue: temperature, Green: CO2, red: dust. 
Red shading: high obliquity, blue shading: low obliquity (after Petit 
et al. [107]). B. Milankovitch cyclicities (after Berger and Yin [121]).  
A complex stacked function in the Pleistocene 

Also, quite clearly, when comparing the Milankovitch cycles of 
Berger and Yin to the past four Pleistocene climate cycles obliquity 
does modulates temperature, as a high obliquity gives warming and a 
low obliquity gives cooling, whereas precession does the contrary but 
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interglacial maximum from the oceans to the atmosphere. 
Polyatomic molecules and other light-absorbing aggregates

The words of Lovelock and Margulis: “CO2 at high concentrations 
could have performed a similar function as could other polyatomic 
gases” refer to the fully hypothetical model developed for the early 
Archean, when it was assumed that the young Sun was faint. By now 
the faint Sun paradox is found to be questionable [12,129]. A higher 
rotation velocity of the early Earth could also have caused Earth to 
be warmer [130]. These are decisions, rather than results, pertaining 
to a hypothesized deep past. We are now focussing on the past 2.5 
million years where the troposphere is chiefly composed of N2 and 
O2, and where H2O, with an average concentration of 0.4% is the most 
frequently occurring polyatomic molecule in the atmosphere after 
which CO2 follows far behind. Without any doubt all electrons within 
all atoms of these molecules when excited by light in the outgoing 
range of the light spectrum and when falling back to a lower energy 
level will emit more or less infrared light and as such participate in 
the earth’s kinetic budget, but the most frequent more than other 
compounds. Water vapour is the most frequent and its absorption 
spectrum clearly encompasses that of other polyatomic molecules in 
the troposphere. Furthermore pollutants also occur frequently in the 
troposphere, alkenes, for instance, represent an important fraction of 
the airborne particulates [131]. Particulate matter, especially has high 
atmospheric concentrations in the Ganges valley can cause radiative 
absorption [132]. The hypothetical choice of CO2 for a debatable 
problem in the Archean, should be treated with a correct sense of 
proportionality. 
An a-typical ocean pH for the Hawaiian upwelling

Given that the oceans, on a yearly basis, take up less CO2 than 
that they are releasing, CO2 uptake cannot be causing the oceans to 
decrease in pH, and consequently the cause for this changing pH must 
be sought for elsewhere. Indeed, the alkalinity changes measured 
in the ocean appear to be in contradiction with the present ocean 
degassing model [133]. 

The temperature dependence of pH and pCO2 in ocean 
systems, requires a new interpretation for the covariance between 
the atmospheric CO2 recorded at Mauna Loa Observatory and the 
nearby ocean station ALOHA for which the study of Dore et al. set 
the tone. Here wet atmospheric air and the pCO2 in ocean water are 
inversely proportional on a yearly basis but indeed increase both 
[134]. This increasing pH is interpreted there as caused by the uptake 
of atmospheric CO2, but is assigned in here to the intensification of 
seasonal storms carrying cold nutrient rich water to the ocean surface 
and thus stimulating the calcium carbonate production (CaCO3) 
which drives the ocean water pH down [135]. When considering the 
pH at in situ temperature, we see it decreases from spring equinox to 
autumn equinox, thus clearly reflecting a decrease in pH determined 
by increasing temperature. It consequently is what happens in that 
period that is relevant to understand the pH and the pCO2 registered 
at the ALOHA ocean site. In this context Calil and Richards show 
that Hawaii is an atypical situation for the whole Northern Pacific as 
it is influenced by upwelling and that starting September the ocean is 
cooling, and the pH is thus climbing again [136].

The increasing intensity of such cooling upwelling settings 
over time has been associated with the recent climate warming 
conditions [137]. The sea water temperature, the pCO2 and the 
pH at the ALOHA ocean site, consequently can be seen to reflect 
upwelling intensification, while the overall atmospheric CO2 signal is 
determined by the Northern Pacific as a whole.
Volcanic particulates and sea spray

In considering the Pleistocene climate cycles (Figures 14 and 15), 
it is clear that we are at the top of an interglacial, and in scrutinizing 
numerous glacial records of oxygen isotope data and pollen records 
at both high and low latitudes [122] there is good reason to consider 
that the interglacial maximum has been passed and the cooling cycle 
was on its way. It is therefore defendable that present aberrantly 
high atmospheric CO2 concentrations indicate that anthropogenic 
industriousness has reiterated the mitigation of cooling conditions 
from the glacial maximum of the Pleistocene climate cycle.

Two CO2 air masses at two different altitudes and two different 
latitudes of the northern hemisphere, indicate that it takes about one 
year for the SCHWAB to migrate from the Arctic to get to the top of 
the Hadley cell [80]. Under natural climatic stasis circumstancess, 
as the interglacial maximum we have reached presently should have 
been, one would probably not expect the new air mass to already 
present itself while the old one is still escaping the troposphere.

Discussion
Because the above findings are in various aspects in apparent 

contrast to the laws of physics, chemistry or biology, it is essential 
to return the original definitions for the fate of industrially emitted 
CO2, the role of light-absorbing particles or GHG, the ocean pH, the 
role of volcanic material and sea spray, the ozone cycle, the limits of 
the global carbon pump, and the fragility of our insights on carbon 
dioxide emission due to land use change.
Where did the industrially emitted CO2 go?

When explaining the atmospheric increase in CO2 concentration 
merely through stratospheric ozone depletion, the question arises 
why is the industrial CO2 emission not perceived in the troposphere? 

The study of El Niño events responsible for a CO2 concentration 
anomaly in the mid troposphere [80] sheds light on this matter. This 
study indicates that the CO2 produced at relatively high sea surface 
temperature rises to 6 km within 4 months. This relatively high sea 
surface temperature is an “anomaly” of less than 1C° [123]. This 
indicates that the  ascending speed of that CO2 holding air mass, 
being initially but 1 degree celcius warmer than the ambiant air, is 
approximately of 2 m/hour.

At 0.7 m from a domestic chimney employing coal, lowest 
temperatures are 178 C° [124]. The exhaust temperature of gas 
vehicles varies between 150 and 600 C° while the analysis of the 
European waste heat potential has industrial categories that start 
at 100 C° and end at >1000 C° [125,126]. Industrial and domestic 
CO2, are consequently entering the troposphere at “temperature 
anomalies” of minimally 100 C° and can be expected to rise at 200 
m/hour. This indicates that gases entering the troposphere at such 
temperature cannot be expected to accumulate in the troposphere, 
but rather to reach into the stratosphere, while the cirrus clouds sieve 
out the particulates. These considerations support the view that what 
is measured at Mauna Loa is not industrial CO2 accumulation, but 
a flow of gases escaping the warming Northern Pacific Ocean. It 
must consequently be concluded that the Keeling curve reflects the 
acceleration of ocean warming, proportional to industrial pollutant 
emission. 
Where are the ocean gases coming from? 

The formation of oceanic carbon sinks gives an imbalance in the 
global carbon budget and is believed to reflect sequestration of the 
carbon into shelf and ocean sediments. This imbalance can be solved 
by considering that the mid-ocean ridges have heightened nutrient 
flows when active [127,128] and constantly feed the oceans with 
gases. The gases are transferred at each transition from a glacial to an 
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raised alarm [48]. This suggested that the air transport industry 
could mitigate global warming in a similar way as Marine Cloud 
Brightening (MCB) would do. In its latest report the IPCC supported 
this view that particulates induced albedo could mask the effect of 
GHG and prepared to lean towards geoengineering, but, in contrast 
with studies from the 1970, they only focussed on clouds albedo 
and neglected the possibility that the arctic heat anomaly is induced 
chemically. From present study it becomes clear that the chemical 
heat clearly surpasses negative forcing.
Land use change emission, land use change surface

The relation between GATM and land use change was established 
above in the results through the new hypothesis that land use change 
surface (SLUC) increase is responsible for an increase in the production 
of aerosols and pollutants. Here we see (Figure 16) that land sinks 
(SLAND) increase with increasing land use change surface (SLUC). ELUC 
instead of emitting CO2 to the troposphere, is found here to form a 
sink, which can be explained as transport to the hydrosphere through 
consumption and thus disappearing from the troposphere. The 
extreme eutrophication of the North Sea testifies to this [156]. 

Figure 16: Trend analyses between land sinks (SLAND) and land use 
change CO2 emission (ELUC) or surface of land use change (SLUC).

The difficulties at separating between land CO2 sinks (SLAND) and 
land use change CO2 emission (ELUC) was reported by their developers 
[70]. The evaluation of these two parameters is more complex than 
commonly believed. Indeed, Hakkarainen et al. show that the tropical 
rainforests belts are emitting CO2 [81]. In the most recent publications 
of June 2024 of a the European Centre for Medium-Range Weather 
Forecasts we clearly see that, on land, there is CO2 emission in the 
southern hemisphere. This is also true when looking at the areas 
where the Brazil tropical forest did not undergo burning and cutting 
and this holds also for Africa [157-159]. The response of tropical 
trees to rising temperatures is a key uncertainty limiting our ability to 
predict CO2 biosphere-to-atmosphere feedbacks in a warming world. 
Indeed tropical trees show that the ratio between photosynthesis and 
respiration intensity is affected by high temperatures for some taxa 
more than for others [160]. These considerations can explain the 
paradoxical correlations observed in our statistical analysis of the 
relation between carbon sinks and sources on land. 

Alternatively, the CO2 emission of tropical forests can also 
be explained by fungi in soils because fungal respiration rates 
also increase at increasing temperatures [161]. These paradoxical 
considerations are mentioned here to urge a reassessment of the 
impact of agriculture on CO2 but even more so on organic aerosols. 
Stratospheric ozone depletion reflected in emission only

In the present reconstruction of Keeling curve (Appendix 10) the 
influence of stratospheric ozone depletion was only made to influence 

When the Krakatau explosion of 1883 caused global cooling, 
Abbot and Fowle highlighted sulphur as the components of the haze 
that obstructed solar radiation. By now various volcanic products 
are considered to be excellent INP [138,139]. There is consequently 
no reason to associate cooling to sulphur clouds. Volcanoes are all 
different, depending on their genesis and their position relative to 
the oceans. Pering et al. for instance, demonstrate that, for the La 
Fossa crater, Vulcano island, and the North East Crater of Mt. Etna, 
the sulphur production varied between 4% and 1% of their water 
production. Volcanoes are also producing ash clouds, the composition 
of which is primarily siliceous [140,141]. Volcanoes, injecting both 
water and ash in the atmosphere, are the way, par excellence, to form 
ice nucleating particles (INP) [142]. In fact successful efforts have 
even been made at reducing sulphur emission [143]. So, it cannot 
really be the dimethyl sulphides that will be dimming solar radiation, 
but rather it is the altitude at which such particulates reside, given 
their density and origin, that will determine their role in our climate 
cycle. 
The ozone cycle

Despite the 1987 Montreal protocol aiming at the global 
reduction of the CFCs (chlorofluorocarbons), a global increase in 
atmospheric concentrations of CFC-11 or hexafluoroethane CF6 was 
observed in the last decade [144]. Moreover, there is direct participation 
of polar stratospheric cirrus in the polar stratospheric ozone depletion 
via sunlight-giving photochemical reactions in spring, for which 
notably Hydrogen Oxide radicals (HOx), Nitrogen Oxides (NOx) and 
sulphur are responsible [145]. This is in strong support of satellite-
observed warming pattern that resembles the atmospheric distribution of 
Chlorofluorocarbons (CFCs) [146]. 

Asymmetric ozone distribution patterns comparable to those for 
CO2 or CH4 in the troposphere can be witnessed in Bednarz et al. 
[147]. 

Lightning frequency has increased drastically in the Arctic over 
the past decade [148]. This increase follows from higher aerosol 
concentrations in the atmosphere [149]. The predominant mechanism 
of ozone formation in the upper troposphere is lightning-induced 
precursors such as oxides or pollutants like nitrogen (NOx), Carbon 
Monoxide (CO), and Hydrocarbons (HC). 

The intensification of industrial and agricultural dust and 
pollutants like for instance the volatile organic carbons, or isoprene 
produced by the palm oil industry can be expected to intensify the 
formation of the SCHWAB over time and hence, the stratospheric 
ozone depletion [150].
The limits of the biological carbon pump 

The boosting of algal blooms is still considered as a means for the 
restoration of the natural carbon cycle by drawing CO2 down from the 
atmo- to the hydrosphere but seeding was unsuccessful [151,152]. 
The Banda Sea upwelling area explains this as these upwelling waters 
are feeding each consecutive trophic level with a specific speed and 
duration adapted to the life cycle of the involved species [153]. Any 
imbalance in these equilibria developed over time will have a so-
called harmonica effect where Fe stimulated algal overproduction 
results in excessive zooplankton production depleting the area of its 
oxygen. Parts of the phytoplankton does reach the ocean bottom as 
faecal pellets holding both inorganic CaCO3 and organic carbon, but 
the eutrophication through seeding can even cause the toxic Harmful 
Algal Blooms (HAB) associated with ocean CO2 emission [154-155].
Albedo or chemically driven global warming

In 2023, direct negative forcing through (aviation) aerosols 
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Conclusion
Our introduction aimed at being exhaustive with respect to all 

the hypotheses brought to the scientific arena until now and makes 
it plausible that a pollutant driven had not fully been explored yet. 

The atmospheric increase in CO2 concentration (GATM), 
hypothesized to reflect the tropospheric accumulation of industrial 
CO2 that was not taken up by our planet's carbon sinks is demonstrated 
here to reflect the difference between the Northern Pacific Ocean CO2 
emission and its uptake. The Global Carbon Equation is shown to be 
out of balance by 0.395 Gt C which imbalance reflects the difference 
between Northern Pacific Ocean seasonal emission and uptake, 
as interpreted by the WCRP. This imbalance reflects chiefly our 
difficulties in estimating the CO2 land sinks and land sources. These 
difficulties are fundamental in nature and urge new studies.

Because the GATM as recorded in the Keeling curve is fully explained 
by the Northern Pacific emission and uptake in CO2, industrial CO2 
emission is not playing a part. This absence is explained by industrial 
heat causing CO2 to self-loft out of the troposphere. In the absence of 
CO2 as the GHG causing global warming, pollutants are considered, 
because they are emanated from crops and GATM co varies with the 
surface of land use change, but not the emission of land use change. 
Such pollutants are hypothesized to be sieved out of the self-lofting 
industrial emission by forming ice clouds in the tropopause where 
they are transported to the Arctic. In the arctic winter night, these 
chemically diverse particulates often transform into the short lived 
GHG ozone, which in the absence of light allowing for photolysis, 
accumulates. This ozone rich chemically reactive mixture becomes 
self-lofting as soon as it gets illuminated in early spring. 

The Keeling curve is hypothesized here to reflect the 
intensification of the existing Northern Pacific pressure systems and 
the yearly ascent of the self-lofting chemically reactive Arctic winter 
generated air bubble (SCHWAB) at the low latitudes, but also its 
ozone depleting consequences in the stratosphere. 

This hypothesis was tested by modelling, under the following 
assumptions: (1) CO2 uptake depends on seasonal ice melting, (2) 
CO2 uptake also results from enhanced melting through pollutant 
accumulation in the Arctic winter night, (3) seasonal CO2 emission is 
related to the health of La Niña (biological pump), (4) seasonal ocean 
CO2 emission depends on seasonal warming, (5) the CO2 emission is 
also influenced by the incorporation of arctic heat anomaly into the 
Northern Pacific, and (6) CO2 emission is caused by the buffering of 
the ocean emitted gases by the ozone in the stratosphere, resulting in 
global stratospheric cooling and global tropospheric warming. The sum 
result of these six functions was found to reproduce the Keeling curve. 

The present societal focus on CO2 emission is an attempt to deal 
with a symptom while aerosols are being presented lately as causing 
cooling and thus masking the true GHG warming. It is demonstrated 
here that the chemical warming effect of these aerosols widely 
surpasses their effect as cloud brightening seeds.

Present new hypothesis is corroborated by a fire dust-driven 
Pleistocene response system between vegetation composition and 
the stratospheric ozone layer, thus reminiscent of the Gaia hypothesis 
of Lovelock. The cooling phase of the Pleistocene climate cycle, 
going from the interglacial to the glacial maximum, is mitigated by 
the increasing frequency of (gymnospermous) forest fires producing 
natural pollutants that induces the formation of a natural SCHWAB 
unleashing a broad spectrum of ocean emitted gases depleting 
the ozone that accumulated in the lower stratosphere during the 
Pleistocene cooling phase. This results in stratospheric cooling and 
tropospheric warming. The warming phase, from the glacial to the 
interglacial maximum, is mitigated by the return to warm, humid and 

ocean CO2 emission (ESOD) but not the increase in uptake through the 
solubility pump. It is therefore highlighted here that present study 
reflects the northern hemisphere until 2019 where the Arctic was 
hardly affected by stratospheric ozone depletion, in contrast to the 
Northern Pacific Ocean at Mauna Loa [162]. Indeed, recent results 
indicate that stratospheric ozone depletion is prominent in the low 
and absent in the high latitudes [163]. 
Angiosperms taking the floor

Since their diversification in the Cretaceous, the angiosperms 
have outcompeted the gymnosperms that retrieved to colder areas. 
This overtaking is accompanied with cooling [164]. The cooling from 
the Mesozoic to the Cenozoic is typically associated with a decrease 
in atmospheric CO2 concentrations, accompanied by an increase in 
amplitude and possibly periodicity [165]. It is suggested here that 
our Pleistocene vegetation driven climate cyclicity represent the end 
member of co-evolution between vegetation composition and hydro-, 
troposphere and stratospheric chemistry and started in the Mesozoic.  
Limitations of this study

In spite of the use of numerous approximations, present 
reconstruction reproduces the monthly Keeling curve well. It 
demonstrates that the Keeling curve is a symptom of a temperature 
driven System Earth, in which temperature is determined by a cocktail 
of industrial pollutants. 

The pollutant values taken from Griffiths et al. have a very 
low resolution [76]. Which required that the monthly values were 
constructed between two consecutive years (Appendix 10). In spite of 
Griffiths et al. looking far into the future, predictions aren’t developed 
in the present study, as pollutant production depends on a UN 
Montreal Protocol type of regulations whose feasibility belongs to 
the political domain which is far beyond the scope of this paper [76]. 

Also the bulk chemical transformation taking place in the arctic 
winter night was touched upon, but requires further investigation, 
especially in the light of complex four dimensional dynamic processes 
having varying intensities or accelerations over time. Here, only a 
modest dysfunction of the La Niña was considered, but upwelling 
areas are numerous and this function of the NPCE may well have 
been underestimated. 

With respect to the stratospheric ozone depletion, industrial 
pollutants or excessive ocean emitted gases caught by the higher 
Brewer Dobson Cell can be expected to contribute to the thickness of 
the stratospheric ozone layer when, in the downwards flow they come 
to react with the lower stratosphere. 

Also, it appears that radicals are much more diverse than 
conceived in the context of climate change and require a reassessment, 
as industrially emitted pollutants and as natural occurrences in ocean 
systems through fluvial transport like for instance the highly reactive 
SF6. In addition, long before we suspect other nations to neglect a 
UN agreement, one should keep in mind that fluorine compounds, 
or simple radicals are ubiquitously present in nature, and that further 
study is required. 

So while this study is supported by good statistical results, there 
is room for intensified biologically driven ocean CO2 emission, and a 
potential Brewer Dobson cell “rain” of particulates would require an 
extra function having a mild influence on some of the other functions. 
The main contribution that this study represent, is that it offers a 
new multidisciplinary solution to an earlier GHG driven hypothesis 
that is inconsistent with the Le Chatelier principle while bringing 
our knowledge on the stratosphere, troposphere, hydrosphere and 
biosphere together into one model for both the present and the past.
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stratospheric ozone chemistry. Earth Sci Enterpr Atmos Phys 171. 

29. Siegmund P, Sigmond M, Kelder H (2004) The stratosphere as a 
puppeteer of European winter climate. europhysics news 35(3):73-5. 

30. Hassler B, Bodeker GE, Dameris M (2008) A new global databasis of 
trace gases and aerosols from multiple sources of high vertical resolution 
measurements. Atmosph Chemi Phy 8(17):5403-21. 

31. Randel WJ, Polvani L, Wu F, Kinnison DE, Zou CZ (2017) Troposphere‐
stratosphere temperature trends derived from satellite data compared 
with ensemble simulations from WACCM. J Geophy Res Atmospheres 
122(18):9651-9667. 

32. Liu W, Hegglin MI, Checa GR, Li S, Gillett NP (2022) Stratospheric 
ozone depletion and tropospheric ozone increases drive Southern Ocean 
interior warming. Nature Clim Change 12(4):365-372. 

33. Lin J, Emanuel K (2024) Why the lower stratosphere cools when the 
troposphere warms. Pro Nat Acad Sci 121(11):e2319228121. 

34. IPCC (1992) First Assessment Report Overview and Policymaker IPCC 
Supplement. Published with the support of Australia, Canada, Germany, 
The Netherlands, Spain, United States of America, Austria, France, 
Japan, Norway and United Kingdom. 

35. Turco RP, Toon OB, Ackerman TP, Pollack JB, Sagan C (1983) Nuclear 
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222(4630):1283-1292. 

36. Houghton RA (2007) Balancing the global carbon budget. Annu Rev 
Earth Planet Sci 35(1):313-347. 

37. McNeil BI, Matear RJ, Key RM, Bullister JL, Sarmiento JL (2003) 
Anthropogenic CO2 uptake by the ocean basisd on the global 
chlorofluorocarbon data set. Science 299(5604):235-239. 

38. Le Quere C, Raupach M, Canadell J, Marland G, Bopp L, et al. Emissions 
of organic compounds from western US wildfires and their near-fire 
transformations. Atmosph Chem. and Phys 22:9877-9893. 
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and Other Biogeochemical Cycles. Assessment Report of the 
Intergovernmental Panel on Climate Change Change. Cambridge 

high atmospheric CO2 circumstancess reducing the fire frequency by 
restoring the dominance of the vegetations rich in deciduous (chiefly 
angiosperm) trees over the vegetations having a fire regenerating 
cycle (chiefly gymnosperms). This shift in vegetation type ratios 
allows for the SCHWAB to ascend to the stratosphere without 
unleashing a broad spectrum of ocean emitted gases, thus giving 
in ozone accumulation. This results in stratospheric warming and 
tropospheric cooling.

The present study can be seen to build onto the introductory 
sentence of the first (1990) IPCC report [34] in the following way: 

“We are certain of the following: there is a natural greenhouse 
effect which already keeps the Earth warmer than it would otherwise 
be; pollutant, volatile organic carbons in particular, (organic) dust, 
black carbon and particulate matter emissions resulting from human 
activities are substantially causing a yearly arctic heat anomaly 
increasing the atmospheric concentrations of the greenhouse gases: 
carbon dioxide, methane, chlorofluorocarbons (CFCs), nitrous 
oxide, and others gases. These increases deplete ozone in the lower 
stratosphere resulting on average in an additional warming of the 
Earth's surface.”
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