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The modern carbon cycle

Schlesinger and Bernhardt 3rd ed.

MAJOR  CARBON  RESERVOIRS
• ATMOSPHERE

• HYDROSPHERE

• BIOSPHERE

• LITHOSPHERE
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Dr. Pieter Tans, NOAA/ESRL, Public Domain, 
(www.esrl.noaa.gov/gmd/ccgg/trends)

1%/yr

The modern carbon cycle, emphasizing human influence

Figure from Gent (2012) Nature Climate Change 2:25-26.
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Carbon Dioxide 
Information Analysis 

Center, Oak Ridge 
National Laboratory, 

http://cdiac.ornl.gov/tren
ds/co2

Increasing amplitude of 
Winter/Summer oscillation 
indicates intensification of 

biosphere cycling in 
temperate/arctic N. Hemisphere

Volcanic CO2, 
also concrete 
manufacture

Burning or 
decomposition 
of oil, coal, gas, 
plants&wood

CO2 would rise 
much faster if the 
ocean didn’t 
dissolve a lot of it!

More 13C

Less 13C

Dr. Pieter Tans, NOAA/ESRL, Public 
Domain, 
(www.esrl.noaa.gov/gmd/ccgg/tre
nds)

Graph E. Schauble, data 
from 

http://scrippsco2.ucsd.edu
/data/flask_co2_and_isoto
pic/monthly_iso/monthly_

mlo_c13.csv
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Understanding sources & sinks using isotope ratios (Keeling plots)

http://www.scopenvironment.org/downloadpubs/scope13/chapter03.html

Keeling, 1995 & etc.
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LONG-TERM ATMOSPHERIC  CO2 LEVELS
•Total emissions of C 
from 1850 to 1982 are 
estimated at 173 ± 10 X 
1015 g C

•Massive increase in 
atmospheric CO2 in 
industrial era

•Estimates of pre-
industrial atmospheric 
CO2 concentration 
range from 290 to 250 
ppmv

•Concentration of CO2 at 
Mauna Loa in 2018 is 
406 ppmv

NASA Global atmospheric model: http://svs.gsfc.nasa.gov/goto?11719
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NASA Global atmospheric model: http://svs.gsfc.nasa.gov/goto?11719
https://svs.gsfc.nasa.gov/vis/a000000/a00350
0/a003562/AIRSdatanooverlay.mp4

http://www.esrl.noaa.gov/gmd/dv/iadv/graph.ph
p?code=MLO&program=ccgg&type=ts

Other greenhouse gases are important!
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Other greenhouse gases are important!

Methane concentrations over the past 800 000 years from ice cores (EPICA Dome C and Law 
Dome; blue) and Cape Grim Station, Tasmania (red). Time scale is years before present (2009). 

From Loulergue, et al. (2008) and MacFarling Meure et al. (2006). 
http://www.csiro.au/files/images/pu16.jpg&imgrefurl=http://www.csiro.au/news/Has-Methane-Stabilised--ci_pageNo-

2.html&usg=__yPIw78j2S2QI6_a5WEtS5Zqw48Y=&h=355&w=540&sz=36&hl=en&start=5&um=1&itbs=1&tbnid=1UTherbcuzo42M:&tbnh=87&t
bnw=132&prev=/images%3Fq%3Dmethane%2Bepica%26um%3D1%26hl%3Den%26tbs%3Disch:1
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Greenhouse gases vs. climate

NOAA/IPCC figure, Public Domain, http://www.ncdc.noaa.gov/paleo/pubs/ipcc2007/fig63.html

Mauna Loa solar irradiance, http://www.oar.noaa.gov/climate/images/greenhouse_graph.jpg
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Cartoon of the biogeochemical cycles of sulfur

Cartoon of the biogeochemical cycles of sulfur
(uncertain provenance; http://www2.nau.edu/~doetqp-p/courses/env440/env440_2/lectures/lec37/lec37.htm)
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Garrels and 
Lerman, 

1981
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4FeS2 + CaCO3 + 7CaMg(CO3)2 + 7SiO2 + 15H2O + 16HCO3
- ßà 15CH2O + 8CaSO4 + 2Fe2O3 + 7MgSiO3

Oxidation of carbon and sulfur reservoirs appear to be roughly anticorrelated…

Fig. from Domagal-
Goldman, 2007. 
Critical data from 
Farquhar et al., 
2000


