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CarbonCarbon

•• Fourth most abundant Fourth most abundant 
element in the element in the 
universeuniverse

•• Basis for lifeBasis for life
•• 4 bonds4 bonds
•• Forms complex Forms complex 

moleculesmolecules
•• Gaseous formGaseous form

Buckminster Fullerene

Megaphone

Bastadin-5Moronic Acid





PhotosynthesisPhotosynthesis

•• Where does the mass of a Where does the mass of a 
tree come from?tree come from?

•• COCO22 + H+ H22OO CHCH22O + OO + O2  2  



Global ProductivityGlobal Productivity



RespirationRespiration

•• Mitochondria, bacteria, fires, combustion Mitochondria, bacteria, fires, combustion 
enginesengines

•• OO22 + CH+ CH22OO COCO22 + H+ H22OO
•• In earth system, the energy budget is balanced, In earth system, the energy budget is balanced, 

chemical energy is temporary storagechemical energy is temporary storage
•• In ocean or land, 99.9% carbon is recycledIn ocean or land, 99.9% carbon is recycled
•• Fossil Fuels burned at 20,000 times natural rates Fossil Fuels burned at 20,000 times natural rates 

of oxidationof oxidation



CO2 Emissions



Atmospheric Measurements





““Missing SinkMissing Sink”” of Atmospheric CO2of Atmospheric CO2
(in (in GigatonsGigatons CarbonCarbon——101015gmC)gmC)

•• Fossil Fuel BurningFossil Fuel Burning =6.0+/=6.0+/-- 0.50.5
•• DeforestationDeforestation =0.9+/=0.9+/--0.70.7

•• Atmospheric Increase Atmospheric Increase =3.2+/=3.2+/--0.10.1
•• Oceanic UptakeOceanic Uptake =2.0 +/=2.0 +/--0.80.8
•• ““Missing SinkMissing Sink”” =1.7 +/1.2=1.7 +/1.2



Mass BalanceMass Balance

•• Total mass is always conservedTotal mass is always conserved
•• Each element is also conserved in a closed Each element is also conserved in a closed 

systemsystem
•• Can you design a closed system that is Can you design a closed system that is 

sustainable indefinitely?sustainable indefinitely?
•• EcoEco--sphere.comsphere.com



Cycles are linkedCycles are linked

•• CO2 + H2OCO2 + H2O CH2O CH2O 
+ O2+ O2



Biosphere 2Biosphere 2

•• http://www.b2scihttp://www.b2sci
ence.org/aboutence.org/about--
mission.htmlmission.html

•• 7 people, O2 began 7 people, O2 began 
to dropto drop

•• Why?Why?



Nitrogen CycleNitrogen Cycle



Needs

• Amino Acids proteins
• Nucleic Acids
• Chlorophyll
• Carbon to Nitrogen ratio



SourcesSources

•• Nitrogen Fixing bacteriaNitrogen Fixing bacteria
–– LegumesLegumes
–– CloverClover
–– CyanobacteriaCyanobacteria

•• LightningLightning
•• Haber Process (factory fertilizer production)Haber Process (factory fertilizer production)
•• Internal combustion engines (cars)Internal combustion engines (cars)
•• Mankind has doubled NMankind has doubled N--inputs to coastal areasinputs to coastal areas

eutorphicationeutorphication



Fall ColorsFall Colors

•• ChlorophyllChlorophyll--N recalledN recalled
•• Accessory pigments shownAccessory pigments shown
•• Huge loss of C, but not NHuge loss of C, but not N



Why do leaves turn colors?

• Nutrients
• Pigments
• Carotenoids, Xanthophylls
• Anthocyanins

B-Carotene

Crytoxanthin (Yellow)

Anthocyandin (purple)



Lawn calculationLawn calculation

•• If you add 1 pound of nitrogen fertilizer to If you add 1 pound of nitrogen fertilizer to 
your lawn, how many pounds of lawn your lawn, how many pounds of lawn 
clippings must you carry away?clippings must you carry away?

•• WaterWater
•• Carbon/Nitrogen ratioCarbon/Nitrogen ratio



BiogeochemistryBiogeochemistry

•• Conservation of mass in a systemConservation of mass in a system
•• Discover missing processes through box Discover missing processes through box 

model budgetmodel budget
•• Use tracers (biomarkers, elements, Use tracers (biomarkers, elements, 

isotopes, isotopes, radionuclidesradionuclides) to elucidate ) to elucidate 
processesprocesses

•• Variety of temporal and spatial scalesVariety of temporal and spatial scales


