
1

GE510 Physical Principles of the Envt

1. The Carbon cycle: the Basics
(terminology, controls, measurement methods, 

flux estimates)

2.  Terrestrial carbon cycling

The Natural Carbon Cycle: 
Major pools/fluxes - balanced

CaCO3 + CO2 -> Ca2+ + 2HCO3
-
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The Altered Carbon Cycle
(1980s)

6.3

1.7
1.4

1990’s:  6.3-1.4-1.7 = 3.2 atm. increase

+3.2
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Summing up…
•Carbon cycle change detections involves looking for small changes 
among large fluxes – a difficult job.
•Large uncertainties in land processes (missing sink?)
•Large decadal variability in land processes

The Terrestrial Carbon Cycle
Important terms/definitions:

1. Gross Primary Production (GPP): Total amount of Carbon fixed in 
photosynthesis (‘gross salary’)

2. Net Primary Production (NPP) : GPP - plant respiration (also ANPP = above 
ground NPP) (‘gross salary – state taxes’)

3. Net Ecosystem Production (NEP) – also Net Ecosystem Exchange (NEE): NPP 
– animal respiration (‘gross salary – state – fed taxes’)

4. Net Biome Production (NBP):  NEP – fires, disease, harvest, other 
disturbances (‘Net salary – stock market losses’)
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Typical time course of ecosystem 
production

Ecosystem types vary in extent and 
productivity
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The Terrestrial Carbon Cycle
Uptake from atmosphere: Photosynthesis

Release to atmosphere: Respiration, decomposition, combustion.

Photosynthesis: 

CO2 + H20 + energy -> CH20 + O2

Respiration:

CH2O + O2 -> CO2 + H20 + energy
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Both photosynthesis and 
respiration may be altered by 
global climate change and 
atmospheric chemistry 
changes (CO2, Nitrogen)

Photosynthesis: occurs within leaf cells in 
organelles called chloroplasts
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Photosynthesis – depends on 
environmental factors that humans alter
CO2

Photosynthesis – depends on 
environmental factors that humans alter
Temperature

And 
temperature x 
CO2 
interactions
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Photosynthesis – depends on 
environmental factors that humans alter
Nitrogen

Carbon Respiration

Primarily, role of respiration is:
CH2O + O2 -> CO2 + H2O + energy

(Energy embodied in ATP)
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Occurs in mitochondria of all cells

N-assimilation, 
amino acid 
formation 
(proteins), 

chlorophylls

Fatty acids; 
lipids; 

carotenoids; 
abscisic acid

Lignin; 
alkaloids; 
flavanoids 

3C

2C

5C

6C

4C

4C

proteins

Details… don’t need to know for exam…
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Growth respiration:  (a.k.a. “construction respiration”) 
– a “fixed cost” that depends on the tissues or 
biochemicals that are synthesized.  Often described 
in terms of “glucose equivalents”

Maintenance respiration:  The cost of maintaining 
existing tissues and functions,  (Protein turnover 
is the largest cost of maintenance respiration)

Respiration is often subdivided into Growth, 
Maintenance and Transport costs

Respiration and Plant Carbon 
Balance 

On a whole-plant basis, respiration consumes 
from 30% to 70% of total fixed carbon

Leaves account for about half of the total
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Mitochondrial
Respiration (like 
photorespiration) 
increases rapidly with 
temperature. Can this 
lead to reduced 
growth at high 
temperatures?

Maybe, but most likely 
only in extreme cases.  
Respiration “generally”
acclimates to changes 
in temperature.

Q10:  the multiplicative 
change in respiration 
over a 10 degree C 
change in 
temperature

LCP p. 119

Ocean and Carbon

Main factors impacting ocean CO2 uptake:

1. Air/Sea temperatures (Henry’s Law)
2. Ocean circulation (CO2 pump)
3. Ocean Alkalinity (more HCO3-, less CO2 

uptake)
4. Photosynthesis (unlikely to be highly 

stimulated by elevated CO2, because…
5. Vertical temperature stability/mixing and
6. Nutrient supply in upper waters
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