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This is the print version of the Skeptical Science article 'CO2 was higher in the past ', which can be found at http://sks.to/pastco2.

Do high levels of CO2 in the past contradict the
warming effect of CO2?

What The Science Says:

Climate and CO, levels have always varied together. During past ice ages CO, levels were low, and
during warm periods CO, was higher. The rock “weathering thermostat” prevents a runaway climate on
very long timescales.

Climate Myth: CO2 was higher in the past

"The killer proof that CO2 does not drive climate is to be found during the Ordovician- Silurian and the
Jurassic-Cretaceous periods when CO2 levels were greater than 4000 ppmv (parts per million by
volume) and about 2000 ppmv respectively. If the IPCC theory is correct there should have been
runaway greenhouse induced global warming during these periods but instead there was glaciation."

(The Lavoisier Group)

Climate closely matches CO5 throughout the geological record

Age[Ma)
A

Data

Surface temperature [*C)
=]
T

Liess smooth
sE 2021 Jan-Jun (14.29°C)
preindustrial (~13°C}
e
2,000 d E
'_:-:m:'— a 5 I“f“'\ 3 ; 3
- £ g 7 .‘=fl .5 \\.,, & }
§ oo G~ B v NS & ;
e A e, T - g o s o2 ;
g WJL-::— e ~ e i . ; "'._T\*-‘_ o0 fg\
T GIOE o+ iy ~ o -
.g r —.-t | S e o sag . | o
s | 2021 (~420ppm) * «F AT TN
g 400 F s t
- !

Eocere J Wigoenz Miaoear
i i i i L

m & 2 40 Age (Ma) 30 ) n
Figure 1: Temperature (top) and CO, (bottom) for the last 66 million years, showing preindustrial & 2021
temperature & CO,. Ma = million years ago. Redrawn from Rae et al. 2021, with annotations added: 2021
CO, per CO,.Earth, preindustrial CO, per climate.gov, 2021 absolute temperature per NOAA Global

Climate Report for June 2021 anomaly above 20" century average of 13.5°C, preindustrial absolute
temperature per Berkeley Earth 2020 anomaly of 1.27 above preindustrial.
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There is strong correspondence between global temperature and CO, throughout the geological record, as

shown in the figure above for the last 66 million years. For a figure covering the last 420 million years click
on the basic tab of this rebuttal.

During ice ages, CO, levels were low, and during warm periods CO, was higher. In the Eocene, for

example, there were no polar ice caps, temperatures were about 10°C hotter than the 20h century, and CO,
was about 1,500ppm (Westerhold et al. 2020, Rae et al. 2021). During the last Ice Age, CQ varied between

about 180 and 300ppm as ice sheets waxed and waned with orbital wobbles (Rae et al. 2021, and see this
explainer by Hausfather 2020). CO, was atsimilar levels during the Paleozoic Ice Age, 340-290 million
years ago (Foster et al. 2017).

Early attempts to estimate CO, for that long ago in Earth’s past were broad-brush and very uncertain (eg
Royer 2006), leading to the high CO, estimates referred to in the myth.New data and refined techniques
have since clarified the picture considerably (eg Foster et al. 2017, Cui et al. 2020, Stewart et al. 2020). The
2006 estimates, for example, averaged data across 10-million-year timesteps, the 2017 data reduced the
averaging timesteps to 0.5 million years, and the 2021 figure above doesn’t average into timesteps, but
instead fits a curve through underlying data at the actual dates the samples formed.

Similarly, the uncertainty in CO, and temperatures of past climates varies with the technique and the age
and condition of the samples, but an increasing menu of techniques, refinements to those techniques, and
ever-increasing number of samples through geological time and across the globe now allows these
paleoclimate data to be a useful reality check for climate models (Tierney et al. 2020, IPCC 2021). The
uncertainty of CO, in the 2006 compilation, for example, was up to +/- 1800ppm, but in the 2021 compilation
in the figure above it is +/- about 300ppm at worst, and temperature data for the last 66 million years are now
fine enough to show the temperature oscillations caused by orbital wobbles throughout that time
(Westerhold et al. 2020).

Ordovician data are still quite uncertain but they indicate CGQ was about8 times preindustrial, about
2,400ppm, or perhaps less than that, and then CGO, levels fell below those levels in the Hirnantian Glaciation

(Ice Age), 445 million years ago (Pancost et al. 2013). The continents were configured very differently then,
and the sun was about 4% less bright, allowing an ice age at higher CG, levels than possible today (Scotese

2021, Kopp 2016).

The 134 million year time span of the Jurassic and Cretaceous had several hothouse episodes and several
cooler episodes, with CO, varying from about 600ppm to about 1500ppm accordingly, but it was not a time

of glaciation (Witkowski et al. 2018). In the last 420 million years, the highest steady-state CO, values of

about 2,000ppm were reached during the Devonian (~400 million years ago) and in the Triassic_(220—200
million years ago) (Foster et al. 2017).

CO> shocks

CO, jumped to higher levels in specific, geologically-abrupt (over tens to hundreds of millennia) warming
events associated with massive output of volcanic CO, and metamorphic methane fromLarge lgneous
Provinces. These sometimes triggered mass extinctions, such as at the end-Permian (when CGQ rose from

about 420ppm to about 2,500ppm in roughly 75,000 years (Wu et al. 2021), the end-Triassic, Toarcian, and
similar events like the PETM (56 million years ago when CO, rose from about 900ppm to about 2.200ppm

over some 50,000 years and temperatures rose about 5°C (Gutjahr et al. 2017).

Analysis of past abrupt climate changes finds that major mass extinctions happen when the climate warms
(or cools) by more than 5.2°C at a rate that exceeds 10°C per million years (Song et al. 2021).

Preventing a runaway climate - the rock weathering thermostat

Earth’s long-term climate (over millions of years) is governed by the balance between CQ emitted into the
atmosphere by volcanoes, and CO, removed from the atmosphere byweathering of rocks (Kasting 2019).

These chemical reactions speed up in warmer climates, removing more carbon from the atmosphere and
preventing long-term runaway warming (a negative feedback). Conversely, the reactions slow in cooler
temperatures, reducing CO,-removal from the atmosphere, generally preventing runaway cooling.
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This “weathering thermostat” has kept Earth’s climate habitable for 4 billion years, but it works on about a
hundred-thousand-year timeframe, so it can be outpaced by abrupt greenhouse gas releases (e.g. end-
Permian mass extinction, see above), or removals (e.g. “snowball Earth” episodes, see below).

Weird early Earth climates

Earth’'s atmosphere has evolved through deep time, and some of those changes early in Earth’'s history
triggered dramatic climate shifts.

Snowball Earth episodes 717, 640 and 580 million years ago

AUSTRALIA

Figure 2: Map of “Snowball Earth” about 640 million years ago. Modified with permission from Scotese
2009.

717 million years ago our planet froze into a “Snowball Earth,” blanketing even the tropics with ice for more
than 55 million years (Rooney et al. 2015). It happened again around 640-635 million years ago, and again,
less severely, 580 million years ago (Pu et al. 2016). The timing coincides with the evolution and
diversification of non-microscopic marine life, suggesting that an enhanced biological carbon pump causing
more efficient removal of atmospheric CO, is a plausible explanation (Lenton et al. 2014).

While Earth was ice-bound, the white planet reflected more of the sun’s energy back into space, making it
hard to reverse the cold climate, even with high CO, levels. But the near-global ice cover also shut down the

weathering thermostat, which allowed volcanic CO, to build to perhaps100 times preindustrial levels, even
though the climate was still cold in this special case (Hoffman et al. 2017). Eventually the air warmed enough
to melt the ice and the weathering thermostat kicked back in, removing much of the atmospheric CO, and
depositing it in thick “cap carbonate” rock layers that mark the termination of these global glacial climates
(Yu et al. 2020).

Great Oxidation Event Snowball Earth about 2.4 billion years ago
When oxygen began to build up in Earth’s atmosphere about 2.4 billion years ago, it reacted with methane,

the main greenhouse gas at the time, triggering “Snowball” global glaciations similar to those described
above (Warke et al. 2020).

Climate changes even deeper in time
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There’s geological evidence for episodes of cold climate3.5, 2.9, and 2.7 billion years ago punctuating an
otherwise moderate climate (Catling & Zahnle 2020). At least one of those episodes has been linked to
atmospheric destabilization by the evolution of methanogenic microbes (Wordsworth & Pierrehumbert 2013).

Faint Young Sun Paradox

The Sun has brightened by 30% since the birth of the solar system, so we might expect Earth to have been
frozen solid for the first 2 billion years, but it wasn’'t (Wang & Shen 2019). This is a paradox because the
atmosphere wasn’t much denser than today (Som et al. 2016). The explanation is likely somecombination of
less land erosion, clearer skies, ashorter day, ‘reverse weathering” of ocean seafloor, and a peculiar
atmospheric composition before Earth had an oxygen-rich atmosphere (Charney et al. 2013, Rosing et al.
2010, Spalding & Fischer 2019, Catling & Zahnle 2020). Some scientists have therefore declared the Faint
Young Sun Paradox essentially “solved” (Charnay et al. 2020).

The rock weathering thermostat has compensated for the brightening sun over time by reducing the long-
term, average CO, concentration in the atmosphere by about3.4ppm per million years (Foster et al. 2017).
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Figure 3: As the sun has brightened, long-term average CO, levels have reduced as a result of the

temperature-sensitive rock weathering thermostat. Redrawn from Foster et al. 2017. Y axis = change in
radiative Forcing (watts per meter squared) where 0 = preindustrial. Blue = Forcing by CO, and LOESS best

fit line; black dashed line = least squares linear fit to CO,, forcing; orange= solar forcing; red = linear best fit
for combined solar and CO,, forcing

Non-CO,, drivers of climate change

CO, is the principal ‘control knob’ of climate because it is along-lived, non-condensing gas (unlike water
vapor) and because it both responds to temperature (for example in the ice ages) and alsacontrols long-
term climates (Rae et al. 2021, Lacis et al. 2010), but it isn't the only driver of climate. Below is a very brief
overview of other long-term climate drivers, but you will notice many also affect CO, levels.

Plate tectonics — Plate tectonics is the main driver of climate change on multi-million-year timeframes. It
created the warm climate enjoyed by the dinosaurs and the cooler climate in which our ancestors evolved.
Plate tectonics controls the long-term climate by altering the fine balance between the CO, emitted into the
atmosphere by volcanoes, and the CO, removed from the atmosphere by rock weathering and carbon burial
(Kump 2016). For example, when plate tectonics pushes up mountains, particularly if they are in thehumid
tropics, CO, drawdown increases, cooling the climate (Park et al. 2020, Mitchell et al. 2021). Plate tectonics
can also amalgamate supercontinents near the poles with mountains above the snow line that collect ice
caps, as happened in the Late Paleozoic ice age (Isbell et al. 2012).

Plate tectonics also reconfigures ocean currents, such as the Antarctic Circumpolar Current (ACC) that
began around 36 million years ago when Australia and South America moved away from Antarctica (Sarkar

; Skeptical .com Page 4 of 6 from the intermediate version of CO2 was higher in the pastgenerated Oct 30 02:10 2024


https://advances.sciencemag.org/content/6/9/eaax1420
https://science.sciencemag.org/content/339/6115/64
https://link.springer.com/article/10.1007/s11631-019-00373-7
http://www.nature.com/ngeo/journal/v9/n6/full/ngeo2713.html
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/jgrd.50808
https://www.nature.com/articles/nature08955
https://www.nature.com/articles/nature08955/
https://www.sciencedirect.com/science/article/pii/S0012821X19301359
https://advances.sciencemag.org/content/6/9/eaax1420
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/jgrd.50808
https://link.springer.com/article/10.1007/s11214-020-00711-9
https://www.nature.com/articles/ncomms14845
https://www.annualreviews.org/doi/abs/10.1146/annurev-earth-082420-063026
https://science.sciencemag.org/content/330/6002/356
https://science.sciencemag.org/content/352/6284/411
https://www.pnas.org/content/117/41/25319.short
https://www.nature.com/articles/s43017-021-00160-0
https://www.sciencedirect.com/science/article/abs/pii/S1342937X11003248
https://www.nature.com/articles/s41598-019-46253-1
http://skepticalscience.com
http://skepticalscience.com/co2-higher-in-past.htm

2019). The ACC may have enhanced the removal of CO, from the atmosphere, which led to the glaciation of

Antarctica (Lauretano et al. 2021). The closure of the Isthmus of Panama is similarly thought to have played
a role in_triggering Northern Hemisphere glaciation around 2.7 million years ago Ogretmen et al. 2020).

Solar cycles - Changes in solar activity have at most a tiny effect on climate. The Maunder Minimum
between 1645 and 1715 was once thought to have caused the “Little Ice Age,” but it was too small and was
mistimed to explain most of that cooling, which was instead largely driven by volcanic sulfur and land use
changes (Owens et al. 2017). The sun has beendimming slightly for the last half-century as the Earth
warmed, so modern warming cannot be blamed on the sun (NASA 2020).

Volcanic sulfur — Sulfur from volcanoes (as distinct from CO,) has the ability to cool the climate for months
to a few years if it reaches the stratosphere. The eruption of Pinatubo in 1991, for example, cooled the
global climate by 0.6°C for 15 months, and was accompanied by asharp decline in the growth of CO, levels
(NASA 2011, Angert et al. 2004).

Orbital wobbles (Milankovitch cycles)— Wobbles in Earth’s orbit affect the climate on timescales of
10,000 years or more, and operate in well-defined cycles that can be calculated precisely millions of years
into the past. For more see this NASA explainer (Buis 2020). CO, has closely tracked and amplified the

climatic effects of orbital wobbles (Hausfather 2020).

Land cover changes (brightness or “albedo” changes)— Since tree cover is relatively dark, but ice, bare
rock, and sand are relatively bright, changes in the distribution of these can alter the solar energy reflected
back into space , warming or cooling the climate(Perkins 2019). Land vegetation changes also affect the
climate by altering the flow of water and greenhouse gasesbetween the land and air (USGCRP 2017).

Brightening Sun (the Faint Young Sun Paradox) — Our sun’s luminosity (brightness) has increased
steadily by about 30% since the early years of the solar system, but this has not been matched by climate
warming. That's because, as the sun brightened, long-term average CO, reduced by about3.4ppm per

million years, due to the rock weathering thermostat (see above) (Foster et al. 2017).

Evolution of new life forms — Innovations of life such as the evolution ofmethanogenic microbes, of
cyanobacteria, of eukaryotic algae, and of land plants, are the likely causes of glacial episodes on each of
those occasions through their effect on the atmosphere, ocean, or rock weathering, and consequent
changes in greenhouse gas levels (Wordsworth & Pierrehumbert 2013, Warke et al. 2020, Lenton et al.
2014, Dahl & Arens 2020). In a different way, the evolution of calcifying plankton in the Mesozoic has
somewhat stabilized the long-term climate system by increasing the ocean’s ability to buffer big CO,

changes over multi-millennial timeframes (Ridgwell 2005).

Asteroid impacts — Asteroid/comet impacts generally don’t seem to have had much effect on climate (Bond
& Grasby 2017), perhaps because their effects were too brief to be captured in the rock record. The notable
exception is the Chicxulub impact blamed for the extinction of the dinosaurs and much else. Dust and sulfur
from the impact is estimated to have cooled Earth by more than 20°C and acidified oceans (Artemieva et al.
2017, Henehan et al. 2019). The planet took centuries to return to its pre-impact temperature, only to warm
by 5°C due to CO, in the atmosphere from vaporized limestone (MacLeod et al. 2018).

Large Igneous Provinces — LIPs are rare, gargantuan volcanic phenomena that emit large volumes of CG,,

methane, and a variety of other pollutants. Abrupt climate changes and mass extinctions coincided with
several of them (see CO, shocks above) (Bond & Grasbhy 2017).

Other greenhouse gases - Gases like methane and nitrous oxide probably played a role in past climates
but it's hard to pin down their contribution since there are currently no “proxy” records of their past
concentrations. Methane was probably a feedback in past warming events but since it is oxidized to CG,

after 12 years on average, it is equivalent to CO, on geological timescales (Inglis et al. 2020, EPA 2021).

‘\ -
The Skeptical Science website by Skeptical Science is licensed ‘ S k e pt I Ca I ,CO m

under a Creative Commons Attribution 3.0 Unported License.

; Skeptical .com Page 5 of 6 from the intermediate version of CO2 was higher in the pastgenerated Oct 30 02:10 2024


https://www.nature.com/articles/s41561-021-00788-z
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2020PA004049
https://www.swsc-journal.org/articles/swsc/full_html/2017/01/swsc170014/swsc170014.html
https://www.swsc-journal.org/articles/swsc/full_html/2017/01/swsc170014/swsc170014.html
https://climate.nasa.gov/climate_resources/189/graphic-temperature-vs-solar-activity/
https://earthobservatory.nasa.gov/images/1510/global-effects-of-mount-pinatubo
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2004GL019760
https://climate.nasa.gov/news/2948/milankovitch-orbital-cycles-and-their-role-in-earths-climate/
https://www.carbonbrief.org/explainer-how-the-rise-and-fall-of-co2-levels-influenced-the-ice-ages
https://www.pnas.org/content/116/51/25369
https://nca2018.globalchange.gov/chapter/5/
https://www.nature.com/articles/ncomms14845
https://science.sciencemag.org/content/339/6115/64
https://www.pnas.org/content/117/24/13314
https://www.nature.com/articles/ngeo2108
https://www.sciencedirect.com/science/article/pii/S0009254120302047
https://www.sciencedirect.com/science/article/abs/pii/S0025322705000575
https://www.sciencedirect.com/science/article/pii/S0031018216306915
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2017GL074879
https://www.pnas.org/content/116/45/22500
https://science.sciencemag.org/content/360/6396/1467
https://www.epa.gov/ghgemissions/overview-greenhouse-gases
https://pubs.geoscienceworld.org/gsa/geology/article-abstract/49/5/520/593673/Terrestrial-methane-cycle-perturbations-during-the
https://www.epa.gov/ghgemissions/overview-greenhouse-gases#methane
http://www.skepticalscience.com/
https://creativecommons.org/licenses/by/3.0/
http://www.skepticalscience.com/
http://creativecommons.org/licenses/by/3.0/
http://skepticalscience.com
http://skepticalscience.com/co2-higher-in-past.htm

:Skeptical .com

Skeptical Science explains the science of global warming and examines climate
misinformation through the lens of peer-reviewed research. The website won the Australian
Museum 2011 Eureka Prize for the Advancement of Climate Change Knowledge. Members
of the Skeptical Science team have authored peer-reviewed papers, a college textbook on
climate change and the book Climate Change Denial: Heads in the Sand. Skeptical Science
content has been used in university courses, textbooks, government reports on climate
change, television documentaries and numerous books.

The Skeptical Science website by Skeptical Science is licensed under a Creative Commons Attribution 3.0 Unported
License.
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