
Photic Zone

Deep water

(NPP)

“Biological Pump”

Degraded to 
CO2, NO3, PO4

Continued decay and 
nutrient release

NEP > 0 resulting in O2
release to atmosphere

~80% on continental shelf

Marine NPP
20-44 Pg C/yr  -> 30-60 % global NPP (land + sea)

Greatest per unit area in photic zone, coastal, & 
upwelling areas

80% of total in open ocean due to large area





Global Nutrient Cycles
(AKA Global Biogeochemical Cycles)

The Global C Cycle



The breathing Earth
The importance of the processes involved depends on the time scale.

70,000,000 Gton C
Fossil fuels 4,000 Gton C

“SNORING” rocks
Enormous amount, slow turnover
(Hundreds of millions of years)

“BREATHING” ocean
Large amount, moderate turnover

(Centuries)

PANTING” terrestrial biosphere
Modest amount, rapid turnover

(Decades)

The “AIRPORT” terminal
Tiny amount, very fast turnover

(Years)



Schlesinger 1991

Kump et al. 2010 Fig.8-18

Carbonate-Silicate 
Long-Term Feedback Loop

84.8 %
97 % DIC  ==>  ~1 CO2 : 100 HCO3- : 10 CO3=

3 %  DOC

4.5 %
75 %  Soils
25 %  Plants

9.0 %

1.6 %

Distribution of Actively Cycled Carbon
(~3% of total carbon in the crust)
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IPCC 2007 Chpt. 7









Mother nature mitigates
climate change to some extent.







Jan. - Feb.

July - Aug.

The Breathing Earth



27 % increase in 
NPP after 4 years

Hamilton et al. 2002

Duke FACE Experiment







The Global N Cycle







Free living & symbiotic (mutualistic)



Leghemoglobin Human hemoglobin, chain A







What determines whether microbes release or 
acquire inorganic N from the soil solution?



Denitrification
(major pathway that returns N to the atmosphere)

In Defense of Mud



NOx 30 combustion
5 biomass burning
5 soil & agriculture

NH3 60 soil & agriculture

120 Fertilizer production

Human Activities
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Deposition 
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Recycling
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Units = Teragrams of N per year = 1012 g N/yr
Values mostly from Fowler et al. 2013
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Global N Cycle



The Haber Process
3CH4 + 6 H2O =>3CO2 + 12 H2

4N2 + 12 H2 + catalyst ==> 
8 NH3

at 500oC & several hundred atmospheres 
of pressure

Humans Fix Nitrogen Too !

Fritz Haber
https://radiolab.org/episodes/180132-how-
do-you-solve-problem-fritz-haber



Galloway et al. 2004

Atmospheric N deposition has increased in 
time & space

1860

1990

2050



Vitousek 1994



N saturation may:

• deplete soils of exchangeable 
nutrient cations

• increase toxic Al+++ levels

• alter soil- and stream-water 
chemistry

• reduce the growth of trees

• reduce species diversity

Nitrogen saturation is a sustained supply of available N in excess 
of biotic demand

+50 kg N/ha*yr

+150 kg N/ha*yr

Ambient N input

After 13 years of N additions

You can too much of a good thing!

Schlesinger & Bernhardt 2013 from Levin 1989
NPP vs N inputs to terrestrial, marine, & aquatic systems

Zak et al. 1989 CJFR 



Are these the shadows of the things that Will be, 
or are they shadows of things that May be, only?

Charles Dickens
A Christmas Carol


