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        One picture is worth a thousand words. 

CO2 FACTS AND HISTORY 

In the world there are massive amounts of 
naturally occurring CO2.  Presently in the 
atmosphere there are stored about 850 
petagrams of CO2.  A petagram equals one 
billion metric tons.  In the oceans are 
stored about 38,000 pgs.  But most CO2 is 
stored in the earth’s crust, about 
100,000,000 pgs., mostly in the form of 
rocks, such as limestone.   Human emis-
sions per year from burning fossil fuels are 
about 10 petagrams, which is trivial in re-
laƟon to the amount of natural occurring 
CO2 stored in the earth’s crust or in the 
oceans. 

Historically the principal way that CO2 is re-
leased into the atmosphere is via volcanic erup-
Ɵons.  Limestone (CACO3), for example, is 
formed by the combinaƟon of a molecule of cal-
cium oxide (CaO) and of CO2.  When limestone 
is melted by the heat in the earth’s core, it 
breaks down, releasing the CO2, which then is 
released into the atmosphere when a volcano 
erupts. 



The percentage of various gases in the atmos-
phere has varied greatly over earth’s lifeƟme.  
For a period of Ɵme about 3 billion years ago CO2 
was over 25% of the atmosphere.  This percent-
age then declined steadily over the following 2 
billion years. 

Since 600 million years ago, CO2 has conƟnued its 
downward trend in the atmosphere with some 
significant variaƟon from period to period.  The 
present CO2 level in the air is 420 parts per mil-
lion (ppm), which is less than half of one tenth of 
one percent (less than 1 part per 2,000).  For 
most of the last 600 million years CO2 levels have 
been much, much higher than today (average 
about 2,500 ppm), and world temperature has 
been much higher than today. 

During the Cambrian, when  CO2 spiked to 7,000 
ppm, and when world temperatures were much 
higher than today, the earth experienced an ex-
traordinary blossoming of life and of biodiversity 
known as the Cambrian Explosion.  There was a 
sudden radiaƟon of complex life, and pracƟcally all 
major animal phyla started appearing in the fossil 
record.  In earth’s history warm periods tend to be  
associated with growth and diversificaƟon of life.  
Cold periods tend to be associated with exƟncƟons. 

Over the last 140 million years the CO2 
decline has been almost linear.  CO2 is 
plant food, and the levels reached in re-
cent years have been so low as to threat-
en plant starvaƟon.  CO2 levels decline, 
because of natural processes that remove 
CO2 from the atmosphere., e.g. plants 
eaƟng CO2. 



 

During the 4 recent glaciaƟons (the most recent 
about 20,000 years ago) atmospheric CO2 levels fell 
to around 190 ppm, a level at which plant life is seri-
ously impaired with widespread plant death occur-
ring at around 150 ppm.   The lowest CO2 level ever 
in earth’s history was 182 ppm, which occurred 
about 14,000 years ago.  At that Ɵme many areas 
that are now producƟve farmland had no plant life 
and were racked by violent dust storms.  

From about 25,000-13,000 years ago the ArcƟc 
ice cap covered all of Canada and significant 
parts of the US, Europe, and Russia.  Much of the 
world was frozen, cold, dusty, and barren. 

From 14,000 years ago up to the end of the preindus-
trial period (about the year 1800), CO2 levels rose 
from 182 ppm to 280 ppm due to natural causes.  Tem-
peratures rose dramaƟcally from about 15,000 to 
10,000 years ago, causing the ArcƟc ice sheet to re-
treat to its present extent.  Some scienƟsts believe 
that temperatures have been declining slightly since 
that Ɵme, as shown, but this is disputed. 

Since the preindustrial level of about 280 ppm in 
the year 1800, CO2 levels have risen to about 
420 ppm.  The human contribuƟon is debated 
with some studies concluding that only about 
20% of the 140 ppm is human caused.  But as-
suming that the increase is totally due to human 
emissions, sƟll about 2/3ds of the CO2 in the air 
today is due to natural causes (the preindustrial 
level) and only 1/3d is due to human acƟvity. 



 

Human emissions were relaƟvely insignificant 
unƟl the 1950s when they dramaƟcally spiked 
upwards.  They have been rising at a significant 
and roughly linear rate ever since. 

The atmospheric CO2 concentraƟons have been 
rising  also at a roughly linear rate, but at a sig-
nificantly slower rate than total human emis-
sions, because human emissions have been sig-
nificantly smaller than the naturally occurring 
CO2 already in the atmosphere (280 ppm).  The 
maximum human addiƟon has been 140 ppm. 

Natural processes, such as plants eaƟng CO2, re-
move a significant amount of CO2 from the air 
each year.  This parƟcular study concluded that 
only about 46% of human emissions actually re-
main in the air to contribute to an increase in the 
atmospheric concentraƟon. 

This analysis concluded that of  38.8 gigatons 
of CO2 emiƩed per year, 18.7 gigatons, or 
48%, remained in the atmosphere to contrib-
ute to CO2 growth.   



The absolute rate of atmospheric CO2 increase has 
been rising slightly over the years and is now about 
2.5 ppm per year. 

As a result of the rising CO2 levels (plant food) 
and the rising world temperature, the world is 
greening, as concluded by a recent massive study 
organized by NASA (data collected by satellite).  
The study found that from 1982 to 2015 from a 
quarter to half of Earth’s vegetated lands showed 
significant greening.  Leaves on plants and trees 
increased equivalent in area to two Ɵmes the con-
Ɵnental US.  The study aƩributed 70% of the 
greening to rising CO2 levels and 30% to rising 
temperatures.    

Rising CO2 levels and temperatures also improve 
crop yields per acre.   The IPCC repeatedly 
acknowledges this posiƟve effect of rising CO2 lev-
els.  [AR6 WGI pps. 6, 82, 292, 365-6, 1057, and 
1062 (2021)] (For further discussion see CLISCIPOL 
Science Topic: Greening World).  Yields for major 
crops 2024-2025  are expected to be at record    
levels. 

The IPCC concludes that the world has warmed 
about 1.1 C from the preindustrial period, 1850-
1900, to 2010-2020.  [AR6 WGI p. 5 (2021)].  The 
warming has been roughly linear, and the rate of 
warming has been about 1 C per century. 



CO2 is a greenhouse gas, and increasing atmospher-
ic levels of CO2 cause some amount of temperature 
rise.  But the amount of recent warming caused by 
rising CO2 levels is disputed.  There was a significant 
temperature rise from 1910-1940  that can not be 
reasonably aƩributed to CO2.  But there is a strong 
correlaƟon between rising CO2 levels  and the rising 
temperatures aŌer 1975.  

This more detailed image shows that from 1960 
to 2023 the increase of world temperature closely 
tracked (but perhaps slightly lagged behind) the 
rising CO2 level.  The IPCC describes the tempera-
ture increase as “unprecedented” but makes no 
claim that the increase is acceleraƟng.  [AR6 WGI 
p.5-6 (2021)] 

A key issue is how much more the world will 
warm in the next 100 years as CO2 levels con-
Ɵnue to rise.  A projecƟon based on the trend 
line shows a further linear rise of 1 C , which is 
generally considered to be moderate, i.e. a 
concern but not a serious concern.  The IPCC 
uses models to predict much higher tempera-
ture rises that could be catastrophic. 

A key unknown is what scienƟsts call “SensiƟvity.”  
This is a measure of the strength of CO2 as a 
greenhouse gas.  For example, CO2 has been in-
creasing in the atmosphere at a rate of 2.5 ppm 
per year.  If it increases by 25 ppm over a 10 year 
period, how much will the earth warm?  No one 
has been able to measure S, so scienƟsts are 
forced to esƟmate S, and the results are widely 
scaƩered, as shown in the image.   There is no 
agreed number. 



To predict a temperature rise every model must 
start with an assumpƟon of the correct value of S.  
The image shows the S value assumed by each  of 
an ensemble of models that submiƩed results for 
the most recent IPCC Assessment Report, AR6.  S 
values ranged from 2.3 to 5.6.   

BackcasƟng shows that CMIP6 models predict twice 
the actual warming.  This overpredicƟon was so large 
that the IPCC was forced to concede the models’ fail-
ure.  [AR6 WGI p.444 (2021)].  The IPCC acknowl-
edged that uncertainty with respect to S was the 
“dominant” source of uncertainty in temperature 
projecƟons. (AR6 WGI p. 93, 95) , and that the “very 
likely” range of S was 2.0 to 5.0, an extraordinarily 
wide range of uncertainty.   (AR6 WGI p. 93, 1007).  
The IPCC concluded that 3.0 was the “central value” 
for S.   (AR6 WGI p. 93,  1007). 

CONCLUSION 

S is defined as the amount of temperature rise if atmospheric CO2 concentraƟon is doubled from its 
preindustrial level of 280 ppm, so doubling will occur when the CO2 level reaches 560 ppm.  CO2 
concentraƟon today is 420 ppm and is rising at 2.5 ppm per year, so, at that rate, 560 will be reached 
in 56 years (56 x 2.5 = 140), which would be the year 2080 (2024+56).   

The world warmed 1.1 C from the preindustrial to 2010-2020 (AR6 WGI p.5), and it has probably 
warmed another 0.1 C to 2024, for a total of 1.2 C warming to date since the preindustrial period. 

So, if S = 3.0 (the IPCC central value), from the present the world will warm another 3.0  - 1.2 = 1.8 C 
by 2080, which is a rate of warming of  1.8 x 100 / 56 = 3.2 C per century, which is more than 3 Ɵmes 
the actual rate of warming measured over the last century. 

If the present rate of moderate warming (1 C per century) conƟnues, then over the 56 years (2024 to 
2080) the world will warm 0.56 C or about 0.6 C, which means that S = 1.2 + 0.6 = 1.8.  

There is significant disagreement among scienƟsts as to how much global warming will be caused by 
rising CO2 levels over the next century.   The trend line projecƟon suggests that the warming will 
conƟnue to be moderate, but many scienƟsts use other methods to predict much greater warming. 

 The opƟmum atmospheric CO2 level for plant growth and crop yields appears to be in the range of 
1,500-2,000 ppm, versus the current level of 420 ppm. 
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