
Continental Margin Exchanges

Week 7



Why worrying about continental margins?

They occupy 7% of the ocean surface (defined 
as regions where the water column is 200m or 
shallower) and 0.5% of the ocean volume
~80-90% of new production, 14% of total 
production and ~50% of denitrification takes 
place in the ocean margins
They contain ~ 80% of the organic carbon from 
oceanic and land processes and 50% of global 
carbonate deposition
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The Gulf of Mexico region for February 25, 1999. 





Carbon fluxes in continental margins
open question:
How quickly anthropogenic CO2 is absorbed by 
the ocean? 
Why is it difficult to assess?
The difference between uptake and release of 
CO2 at the sea surface is small (~2Pg C yr-1, 
Pg=1015g vs ~90Pg C yr-1 in uptake/release)
Ocean margins are active sites where physical 
and biological processes transform, transport or 
bury carbon
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Each margin needs to the addressed to 
establish the contribution to the C, N and P 
budgets.
Although coastal upwelling simulates primary 
productivity, the high partial pressure of CO2 in 
the upwelled waters may (and often does) offset 
the CO2 consumption resulting in a net release



Which factors have to be accounted for?

Shelf width, depth, shape
Long-shore vs cross-shelf scales: for large long-shore 
transport the retention of material on the shelf is favored
River input: large rivers discharge beyond the shelf 
break, while small rivers on the shelf affecting the local 
buoyancy
winds and orientation of the coast: upwelling / 
downwelling cycles, eddies…
heat balance and fluxes:  affect stratification
retention time: whether is less or greater than 1 month 
impact the balance between ‘recycling’ or ‘export’



River dominated recycling systems (JGOFS 1997)

biologically mediated; tidal and geostrophic circulation; 
benthic bioturbation
broad shelves (>50km); forcing and responses on 
seasonal time scales
Long water exchange time (> 1 month)
East China Sea, North Sea, Baltic Sea, Sea of Japan, 
South China Sea, NW Atlantic, Great Barrier Reef, 
Barents Sea, Sea of Okhotsk 



Ocean dominated, export systems
Physically forced: Ekman shelf-edge upwelling, 
boundary currents, can be forced by river input
Narrow shelves (<50km)
Episodic response to forcings
Short water exchange time (<1month)
Western Boundary currents of the Americas and Africa, 
Amazon, Mackenzie and Mississippi river systems



Results from 2000 synthesis (EOS paper)

The continental margin as a whole are a weak CO2 sink 
(0.1 PgCyr-1)
The storage of anthropogenic CO2 in margins 
(~0.05PgCyr-1) is proportional to their seawater volume
Three quarters of carbon burial occurs in margins (0.15 
PgCyr-1)
Half of the carbon that can be remobilized from the river 
run-off is released to the atmosphere from margins (0.3 
PgCyr-1)
The export of shelf primary production accounts for 20% 
of the biological pump (2PgCyr-1 from margins to deep 
waters), which is compensated by upwelling of dissolved 
inorganic carbon


