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Shelf sea carbon sinks

• Oceanic CO2 sink has so far acted as a brake on climate change.
• Shelf seas absorb carbon which is then exported to the deep ocean, but 

this absorption is also causing ocean acidification.
• Shelf seas are considered important CO2 sinks and provide a range of 

ecosystem services e.g. food, well being, transport, recreation.



Shelf seas as variable but increasing CO2 sinks

Laruelle et al., 2018Positive increase in dΔpCO2/dt implies a strengthening CO2 sink (and increasing ocean acidification) 

15 shelf region identified that had significant trends



Shelf seas as variable but increasing CO2 sinks

Laruelle et al., 2018

Two mechanisms have been proposed to explain how the continental shelf CO2 sink has evolved 
1. Imbalances in strength between air-sea exchange and deep water export processes modulate carbon accumulation.
2. evolution of the biological pump (net heterotrophy to net autotrophy) modulate carbon accumulation.

Can we identified evidence for mechanism 1?

Positive increase in dΔpCO2/dt implies a strengthening CO2 sink (and increasing ocean acidification) 



Data
Water flow
Copernicus service 
(GlobCurrent) re-analysis of 
Ekman and geostrophic
currents at 0 m and 15 m 
(Chapron, 2015; Rio et al., 
2014).

WaveWatch III model 
simulations for Stokes drift 
(Rascle and Ardhuin, 2013).

Air-sea exchange
k (Nightingale et al. 2000) 
using Globcurrent U10; OISST 
(Banzon et al., 2016).

Bathymetry
GEBCO 



Determining the shelf edge and normal 
vectors
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Estimating shelf sea transport and export

Schematic from Huthnance et al., (2009)



Estimating shelf sea transport and export

Schematic from Huthnance et al., (2009)

n(CE + 45°) is the estimate of the 
upper range of the net current 
strength crossing the shelf-edge 
within the mixed layer 

CE = 0 m Ekman component

CG = 0 m geostrophic component.
n(CG) should b a good proxy for all 
mixed layer.

d = dominance

Assume density within mixed layer is 
uniform.



Relative dominance of geostrophic versus Ekman 
across shelf boundaries



Relative dominance of Stokes versus total 
current across shelf boundaries

Maximum 
influence will 
occur within 
shallow mixed 
layers that 
exist during 
low wind, 
following 
Woodson 
(2013) criteria.

U*, and HS



Cross-shelf exchange along the shelf edge

Mid Atlantic bight

January to March July to September 



Cross-shelf exchange along the shelf edge

Mid Atlantic bight

European shelf seas

January to March July to September 



Air-sea exchange versus cross-shelf control

ΔpCO2 = air minus water pCO2, t is time 

Winter time dΔpCO2/dt gradients from Laruelle et al., (2018)

Winter-time turbulent exchange and lower water temperatures are the dominant controller of annual 
atmosphere-ocean uptake of CO2 within European shelf seas (Kitidis et al., 2020). 



Air-sea exchange versus cross-shelf control

Positive increase in dΔpCO2/dt implies a strengthening sink of CO2 (and increasing ocean acidification) 



Air-sea exchange versus cross-shelf control

Positive increase in dΔpCO2/dt implies a 
strengthening sink of CO2 (and increasing 
ocean acidification) 



Air-sea exchange versus cross-shelf control

nominal or no increase in dΔpCO2/dt implies a temporally constant sink 



Air-sea exchange versus cross-shelf control

decrease in dΔpCO2/dt implies a weakening sink 



Conclusions

Imbalances in strength, between air-sea exchange and deep water export appear 
related to carbon accumulation in the 15 shelf seas with significant trends in winter-
time pCO2 gradient (as identified by Laruelle et al., 2018).
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Conclusions

Imbalances in strength, between air-sea exchange and deep water export appear 
related to carbon accumulation in the 15 shelf seas with significant trends in winter-
time pCO2 gradient (as identified by Laruelle et al., 2018).

Shelf-seas exhibiting cross-shelf velocities within the mixed layer that are dominated by 
geostrophic flow (i.e. >50% geostrophic) will continue to accumulate carbon.

Shelf seas where cross-shelf velocities within the mixed layer are strongly influenced by 
wind and wave induced currents could continue to track atmospheric values. 





Cross-shelf exchange along the shelf edge

Mid Atlantic bight

January to March July to September 





Case study for 
European shelf 
using NATL60 
CJM165 
simulations 
(geostrophic, 
Ekman, 
residual 
assumed 
ageostrophic, 
as percentage 
of simulated 
total).
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