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Carbons’ Cycle 
 
For a little more than sixty years, the National Oceanic and Atmospheric Administration (NOAA) - Earth System 
Research Laboratory (ESRL) - Global Monitoring Division (GMD) Mauna Loa Observatory and other stations have 
measured the carbon dioxide CO2 concentrations within the atmosphere.  These measurements, reported as 
Monthly Mean Concentrations of CO2 have clearly demonstrated that the atmospheric concentration of Carbon 
Dioxide has risen from a value of 280 parts per million (ppm) to nearly 400 ppm today1.  About a 42 percent 
increase in the last 60 
years.  Strikingly, or 
perhaps no so, is that 
the average global 
temperature has also 
increase during this 
time period.  Is this by 
coincidence, 
correlation, or 
coercion? 
 
Is the proportion or 
amount of Carbon 
Dioxide in the 
atmosphere the 
“Earth’s temperature 
gage, or perhaps it’s 
Canary in the Coal 
Mine”?  An allusion to caged canaries (birds) that workers would carry down into the mine tunnels with them; 
and if dangerous gases such as methane or carbon monoxide leaked into the mine, the gases would kill the 
canary before killing the miners, thus providing an early warning.  Also defined as “something whose sensitivity 
to adverse conditions makes it a useful early indicator of such conditions; something which warns of the coming 
of greater danger or trouble by a deterioration in its health or welfare”. 
 
Similarly within the same time period, the amount of carbon (thus Carbon Dioxide, CO2) released to the 
atmosphere in total, along with country by country data, has been gathered.  These past total carbon released 
not only illustrate the growing Carbon Emissions to the atmosphere but also collated with other data connects 
the mosaic, which is our understanding, of where this “released” carbon goes both within the short term and 
over the long haul.  Simply, the Carbon balance, and in respect CO2 atmospheric concentrations increase due to 
fossil fuel use and natural processes and decreased by ocean, earth and land uptakes (sink, sequestration).  
Yearly, while the total amount of carbon remaining in the atmosphere is increasing (measured CO2 levels) a far 
greater amount of carbon is sequestered within the earth’s natural uptake systems (ocean, earth and land)2.  
Thus not all of carbon at present contributes to the CO2 increases within the atmosphere, however it is an open 
debate on how much longer the natural carbon sink or sequestration will continue at its current rate. 
 
So, is there a consensus, does additional CO2 concentrations within the atmosphere cause additional global 
warming.  Is CO2 the Canary? 
 
Further studies and analysis have captured the Global Mean Effective Forcing, measured in Watts per square 
meter (W/m2) which illustrates the heating potential of man induced changes and natural variations to the 
earth’s global temperature.  These effective forcing values while small compared to the heat gain from our sun, 
do add (or subtract from) earths ambient temperature.  These radiative forcings are a combination of 
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http://www.noaa.gov/
http://www.esrl.noaa.gov/
http://www.esrl.noaa.gov/
http://www.esrl.noaa.gov/gmd/
http://en.wiktionary.org/wiki/sensitivity
http://en.wiktionary.org/wiki/adverse
http://en.wiktionary.org/wiki/indicator
http://en.wiktionary.org/wiki/deterioration
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Greenhouse Gases (Well Mixed Green House Gases, CO2, CH4 etc. (WMGHG), Ozone, Stratospheric H2O), Man-
Made Aerosols (Reflective Tropospheric Aerosols, Aerosols Indirect Effect, Black Carbon), Volcanoes 
(Stratospheric Aerosols) and Environmental (Snow Albedo, Solar, Land Use).3  Roughly, a radiative forcing 
between 4 and 5 
W/m2 equate to 
either about 1°C of 
warming or cooling.  
Earths sun provides 
warming due to the 
approximately 1,350 
W/m2 of solar energy 
constantly hitting the 
planet. 
 
The total worldwide 
carbon emissions 
have been recorded 
on a country by 
country basis with the 
results pictorially 
indicated.2,4  While 
not surprising that 
the United States has 
one of the highest per 
capita Carbon 
emissions, what is 
notable is that currently China release almost twice as much carbon – with India and other rapidly increasing 
their emissions.  It would appear that the US is no longer the poster child for total carbon emissions. 
 
Current studies and analysis collate fairly well and as a result it is generally accepted that not only does 
increased CO2 
concentration 
increase global 
temperatures, but 
also once emitted, 
the CO2 will be within 
the atmosphere for a 
very long time (in the 
magnitude of 
hundreds of 
thousands of years). 
The Coursera class, 
Global Warming: The 
Science of Climate 
Change, Professor 
Archer and others 
have authored the 
paper, Atmospheric 
Lifetime which states: 
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CO2 released from combustion of fossil fuels equilibrates among the various carbon reservoirs of the 
atmosphere, the ocean, and the terrestrial biosphere on timescales of a few centuries.  However, a sizeable 
fraction of the CO2 remains in the atmosphere, awaiting a return to the solid earth by much slower 
weathering processes and deposition of CaCO3.  Common measures of the atmospheric lifetime of CO2, 
including the e-folding time scale, disregard the long tail.  Its neglect in the calculation of global warming 
potentials leads 
many to 
underestimate 
the longevity of 
anthropogenic 
global warming.  
Here, we review 
the past literature 
on the 
atmospheric 
lifetime of fossil 
fuel CO2 and its 
impact on 
climate, and we 
present initial 
results from a 
model 
intercomparison 
project on this 
topic.  The models agree that 20-35% of theCO2 remains in the atmosphere after equilibration with the ocean 
(2-20 centuries).  Neutralization byCaCO3 draws the airborne fraction down further on timescales of 3,000 to 
7,000yr. … e-folding time scale: The amount of time it would take for a concentration to decrease to a 
proportion of e−1, ∼37%, of it’s original.5 

The following charts illustrate not only the annual carbon emissions, tons and ppm for selected countries, but 
further illuminate that the total value of CO2 to the atmosphere will become much greater on a yearly basis as 
other countries follow a similar growth curve relative to China. 
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Clearly, the total volume of CO2 is rapidly increasing within the Atmosphere and as a consequence the average 
global temperature is also increasing. 
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