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Carbon

from Latin carbo meaning charcoal

Photo: Chip Yee Enterprise, Malaysia



Carbon dioxide

Identified by Joseph Black in 1754

In 1756, described
– Produced by combustion, 

respiration, fermentation
– Behaves like an acid
– Component of carbonate 

minerals



Greenhouse effect

Described by Joseph Fourier in 1824
“The transparency of the waters 

and the air augments the 
degree of heat acquired, 
because the chaleur 
lumineuse [shortwave 
radiation] penetrates easily
into the interior of the mass, 
and the chaleur obscure 
[longwave radiation] leaves 
with more difficulty.”

Translation: W.M. Connelley; Image source unknown



• Concept of global energy balance

• Atmosphere and ocean transport 
of heat from equator to poles

• Atmosphere transparent to solar 
radiation (chaleur lumineuse)

• Long-wave radiation to space 
(chaleur obscure) increases with 
surface temperature 

• Atmosphere inhibits  transmission 
• of long-wave radiation to space

Image source unknown

In 1827, Fourier described



Land-use change and climate

• Climate effects of land-surface change
– “The movements of the air and the waters, the 

extent of the seas, the elevation and the form of 
the surface, the effects of human industry and all 
the accidental changes to the terrestrial surface 
modify the temperatures in each climate.”
Fourier (1827)



Land-use change and climate

• Climate effects of land-surface change



The long-term global carbon cycle
• Jacques Joseph Ebelman (1845)

– “I see in volcanic phenomena the principal cause 
that restores carbon dioxide to the atmosphere 
that is removed by the decomposition of rocks.”

– “One can admit that the roots of [vegetation] can 
produce or accelerate the weathering of silicates 
with which they are in contact.  

– “The terrestrially-derived carbonates end up by 
being deposited or they are taken up by marine 
animals, molluscs and zoophytes.”

Translation: Berner and Maasch



The long-term global carbon cycle

Image source unknown
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The long-term global carbon cycle

• Jacques Joseph Ebelman (1845)
“… in ancient geologic epochs the atmosphere 

was denser and richer in CO2, and perhaps O2, 
than at present. To a greater weight of the 
gaseous envelope should correspond a stronger 
condensation of solar heat and some 
atmospheric phenomena of a greater intensity.”

Translation: Berner and Maasch



CO2 greenhouse effect

Quantified by John Tyndall in 1861

The first ratio spectrophotometer

Measured absorption by CO2 and H2O

John Tyndall

From J.R.Fleming, Historical Perspectives on Climate Change, 1998



Carbon cycle (Arvid Högbom,1894)
“Carbonic acid is supplied to the atmosphere by the 

following processes:
(1) volcanic exhalations and geologic phenomena 

connected therewith;
(2) combustion of carbonaceous meteorites in the higher 

regions of the atmosphere;
(3) combustion and decay of organic bodies;
(4) decomposition of carbonates; 
(5) release of CO2 dissolved in seawater because of 

temperature increase or reduction in CO2 partial 
pressure; 

(6) liberation of carbonic acid mechanically enclosed in 
minerals on their fraction or decomposition.”

Translation: Arrhenius, Berner and Veronis



Carbon cycle (Arvid Högbom,1894)

“The carbonic acid of the air is consumed 
chiefly by the following processes: 
(7) formation of carbonates from silicates

on weathering;
(8) the consumption of carbonic acid by 

vegetative processes;
(9) the absorption of CO2 in the sea”

Translation: Arrhenius, Berner and Veronis



The short-term carbon cycle
(Gruber and Sarmiento, 2002)



The carbon cycle (Högbom,1894)
• The world's present production of coal reaches in 

round numbers 500 millions of tons per annum…
• Transformed into carbonic acid, this quantity would correspond 

to about a thousandth part of the carbonic acid in the 
atmosphere

• …. This quantity of carbonic acid, which is 
supplied to the atmosphere chiefly by modern 
industry, may be regarded as completely 
compensating the quantity of carbonic acid that is 
consumed in the formation of limestone (or other 
mineral carbonates) by the weathering or 
decomposition of silicates.

Translation: Arrhenius



Högbom was wrong about how fast 
silicate weathering could remove 

anthropogenic CO2 emissions

CO2 consumption 
by silicate 
weathering 

≈ 0.08 PgC / yr

CO2 emissions from human activities 
≈ 7 PgC / yr



The time scale of removal of excess 
CO2 by silicate weathering is 

> 100,000 years

CO2 consumption 
by silicate 
weathering 

≈ 0.08 PgC / yr

CO2 emissions from human activities 
≈ 7 PgC / yr



Can we depend on the 
“balance of nature”?



The “Revelle factor” (1957)
• If atmospheric pCO2 increased 10%

– people used to think that ocean carbon content would 
increase by 10%

– Roger Revelle and Hans Seuss (1957) realized that, 
due to ocean chemistry, ocean carbon 
content would increase only about 1%



The “Revelle factor” (1957)
• If atmospheric pCO2 increased 10%

– people used to think that ocean carbon content would 
increase by 10%

– Roger Revelle and Hans Seuss (1957) realized that, 
due to ocean chemistry, ocean carbon 
content would increase only about 1%

“Revelle factor” ≈ 10







Sabine et al., 2004



Charles David Keeling

20 April 1928  – 20 June 2005



Keeling and Whorf (2005)





How high will atmospheric pCO2 get?



How much fossil fuel is there?



ORNL



ORNL
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Total sedimentary organic C 
≈ 1,000,000 PgC
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Caldeira and Wickett (2005)

Amounts include total fossil-fuel plus net land 
biosphere emissions to the atmosphere



Caldeira and Wickett (2005)



Ocean acidification

• CO2 is corrosive to the shells and skeletons 
of many marine organisms

http://www.biol.tsukuba.ac.jp/~inouyePhoto: Missouri Botanical Gardens

Corals Calcareous plankton



Caldeira and Wickett (2005)

Amounts include total fossil-fuel plus net land 
biosphere emissions to the atmosphere



Caldeira and Wickett (2005)

Amounts include total fossil-fuel plus net land 
biosphere emissions to the atmosphere



Caldeira and Wickett (2005)

Amounts represent total fossil-fuel 
plus net land biosphere emissions



Atmospheric CO2 and climate change
• With a 2ºC per century warming, temperature 

bands in the mid-latitudes march poleward at 
a rate of 10 m (30 ft) per day

If this tree were at the southern end of its range, could it march 
north fast enough to remain in the cool weather it likes?

C.D. Friedrich, 1821
Solitary Tree, 
National Gallery, Berlin





Barrett, 2003



Fleming et al. 1998, Fleming 2000, & Milne et al. 2005



Antarctica = 61.1 m
Greenland = 7.2 m



If CO2 emissions continue unabated, we 
risk commitment to 7000 years of 1 cm per 

year sea-level rise (on average)

AP Photo: http://www.bafi.org

70 m of total sea level rise (over 220 ft)



Continued CO2 emission 
will lead to warmer sea-
surface temperatures

Warmer sea-surface 
temperatures have been 
associated with increase 
hurricane intensity

Jeff Schmaltz, MODIS Rapid  
Response Team NASA GSFC 



• Our present trajectory is risking severe 
environmental damage that could last 
thousands of years.

• We know that sooner or later we will need to 
stop emitting CO2 to the atmosphere.

• We can stop emitting vast amounts of CO2
– sooner (before we cause great damage) or 
– later (and risk severe and irreversible damage)


