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Global C pools Gt C (Pg C) Percent of total Excluding rocks Turnover time (y)
Lithosphere 75011150 99.94

limestone 60000000 79.94 >> 1 Ma
kerogen 15000000 19.99 >> 1 Ma

methane clathrates 11000 0.01 >> 1 Ma
"active" sediments 150 0.00 0.1-1000 80% coastal, 20% deep sea

Ocean 39200 0.05 93.02
Organic C 1078 0.00 1.83 varies

Living 2 0.00 0.00 0.1-1
Dissolved carbonate 38000 0.05 90.18 2000

Soils 1580 0.00 3.75
peat 360 0.00 0.85 >1000

microbial 15-30 0.00 0.05 <10
intermediate 250-500 0.00 0.89 <100

slow 600-800 0.00 1.66 0.1-100 ka
Atmosphere 750 0.00 1.78 ~3-5
Plants 610 0.00 1.45 50

Total 75053290

Refs: Hedges, 1992; Eswaran et al., 1993; Siegerthaler & Sarmiento, 1993; Schimel et al., 1994; Schimel et al., 1995

Global carbon reservoirs 



The current (short-term) global carbon cycle 















National Oceanic and Atmospheric Administration (NOAA), Climate Monitoring and Diagnostics Laboratory (CMDL),  
Carbon Cycle-Greenhouse Gases.  



Photosynthesis:  CO2 + H2O + energy = (CH2O) + O2 

Respiration:       (CH2O) + O2 = CO2 + H2O + energy 



Both Figures were taken from 
Chapin et al. 2011. Principle of 
Terrestrial Ecosystem Ecology 
2nd Edition. 



Figure 5.2 



δ13C = [(Rsample – Rstd) / Rstd ] X 1000 

The Delta Notation 

R: 13C/12C 



Photosynthetic Pathways of CO2 fixation in 
Higher Plants 

Characteristics C3 C4 CAM*
CO2 acceptor RuBP PEP In light: RuBP

In dark: PEP
First product of
photosynthesis

C3 acids
(PGA)

C4 acids In light: PGA
In dark: malate

C isotope ratio in
photosynthate (δ13C)

-20 to -40%o -10 to -20 %o -10 to -35 %o

CO2-compensation
level

30-50 ppm <10 ppm In light: 0-200 ppm
In dark: <5 ppm

Photosynthetic
capacity

slight to high high to very
high

In light: slight
In dark: medium

Dry matter
production

Medium High Low

*CAM: Crassulacean Acid Metabolism 





Volcanoes: 

 

CaCO3 + SiO2 

CaSiO3 + CO2 



H2O + CO2 <--> H+ + HCO3
- <--> H+ + CO3

2- 

CaCO3 + H2CO3 <--> Ca2
+ + 2HCO3

- 

Carbonate rocks and water: 

Carbonate equilibrium 

Carbon dioxide and water: 



Influence of pH on carbonate 

 

Presenter
Presentation Notes
Ocean water has an excellent buffering system with the interaction of carbon dioxide and water so that it is generally always at a pH of 7.5 to 8.5. the salinity and pH of seawater are relatively stable measurements whereas temperature, dissolved oxygen, and nutrients may vary. 



By Robert A. Berner 
SCIENCE, Volume 276, Number 5312 Issue of 25 Apr 1997, p 544. 
This slow process may only contribute 0.04 to 0.08 1015 g C per year 
to the atmospheric pool.   
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Methane clathrates 
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Carbon Monoxide 
Atmospheric CO: 
• Short lifetime ~ 4 months 
• high variability in concentration 
Removal from Atmosphere: 
• by reaction with hydroxyl radical 

  CO + *OH  CO2 + H 
• by soil microorganisms 

– Fungi capable of CO metabolism- penicillium and aspergillus 
– Some bacteria may be involved as well 

Production of CO: 
• some aquatic and terrestrial organisms produce CO 
• major source of CO at high altitudes is probably a 

photochemical reaction that CO2 undergoes: 
 CO2 + light  CO + O 
 

 
 

Presenter
Presentation Notes
Low concentration and short lifetimeWide regional and seasonal variations in concentrationTypically 3X larger variation in northern hemisphere thant southern
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Schlesinger 1997 





Atmosphere 

Terrestrial Oceans 

6.2 
2.8 

1.4 (0.8) 2.0 (0.6) 

Little effect on O2 in Air 
Little effect on 13C (~2‰) 

Reduce O2 in air 
Larger effect on 13C (~18‰) 

Fossil fuel with lower 13C (-29.4‰) 
Reduce atmospheric O2 concentration 

Battle et al. SCIENCE VOL 287:2467, 31 MARCH 2000  









August 2015:  398.82 ppm 
August 2014:  397.01 ppm  
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