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OCN 401
Global carbon cycle II
Modern carbon cycle

Over the last 600 My atmospheric CO2 has varied significantly
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Vostok ice core shows CO2
record over last 400+ Kyrs

5 interglacial and 4 glacial 
periods
Atmospheric CO2 from 
~180 - 280 ppmv
Current rate of change
 ~130 ppmv in 270 yrs
is much greater

Milankovitch cycles are responsible 
for the onset and termination of glacial
periods
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EPICA core (3,309 m) goes back >700,000 yrs

Atmospheric gases absorb incident and emitted radiation

visible infrared

Sun Earth
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1 MT C = 1 x 1012 = 1 Tg = 83.2 x 109 mol C

Modern carbon cycle

Missing CO2

Oceans
Dissolution into surface water
Limited by slow mixing of surface and deep waters

Land
Regrowth of temperate forests (logged out in the past)
Fertilisation of forests by CO2 and N, P
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CH4 levels in the atmosphere have increased ~ 150% since 1750.
Recent data shows current methane concentrations are leveling off, 
as are CFC 11 and 12.

But the latest data shows them starting to climb again
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Large variations in annual increases in CH4

CFC 11 CFC 12

N2O CO2
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CO2 levels continue to increase, ~46% since the industrial revolution
409.65 ppmv in May 2017
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Increase mirrors combustion of fossil fuels

Rate of increase of 
atmospheric CO2
is not constant, seasonal 
and interannual changes

Rate of change: 
1750-1958 0.17 ppm yr-1

Varies with:
Economic activity
Natural variations:
El Nino
Droughts, fires
Volcanic activity
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Annual cycle of plant growth and death moves CO2 between atmosphere
 and biosphere and back again (seasonal movement between reservoirs)

2016 Annual mean 404.21

1998

Seasonal variation, greatest in northern hemisphere
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Increased CO2 will increase photosynthetic rates, but T, H2O and nutrient
availability also will limit biomass increases
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Calcification rates of organisms are decreased even when 
saturation level >1
aragonite and magnesian calcite much more soluble  

Feely et al, Science, 305, 362, 2004

Penetration of anthropogenic
CO2 has moved the saturation 
horizons for aragonite and 
calcite
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