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The Changing Pacific Arctic Carbon Cycle

Arctic Report Card 2013

• The western Arctic 
is undergoing 
dynamic change: 
– Warming 

temperatures
– Sea ice loss
– Changes in 

circulation and FW 
inputs

– Timing, fate, and 
location of primary 
production

– Ocean acidification
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Rapid Onset of OA in the Arctic 

Mathis et al., In Press
Progress in Oceanography  



Biogeochemical Modifications Over the Bering/Chukchi Shelf 

Reductions in sea ice extent and thickness are driving a 
rapid transition in arctic biogeochemistry leading to 
enhanced productivity, changes in sea-air fluxes of CO2, 
increased upwelling, and a broad expansion of waters 
that are undersaturated in carbonate minerals.     

Carmack and Wassmann (2006) 

Mathis et al., 2014



OA in the Bering Sea

Mathis et al., 2011

Mathis et al., 2013

Cross et al., 2013



Preconditioning of Pacific Inflow

CO2 accumulates 
seasonally from water 

column and 
sedimentary 

respiration over the 
shallow shelves  of the 

Bering and Chukchi 
Seas during summer 

and fall.

Mathis, J.T., and Questel, J.M., 2013, CSR 67, 42-51
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Widespread Undersaturations in the Chukchi Sea

Bering Strait

Herald Valley

Central Channel

RUSALCA data combined with 2010/2011 ICESCAPE data
Bates et al., unpublished data

At least 40% of the Chukchi Sea 
benthos is exposed to bottom 

waters that are corrosive to CaCO3 
during summertime.

N. Bates, Pers. Comm.
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Undersaturation in the Pacific Inflow

Undersaturation is 
prevalent in Pacific 

Inflow during the fall.

What is the fate of 
this undersaturated

water?
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The Beaufort Sea Boundary Current

• What is the fate of this undersaturated water?
– Canadian Archipelago. Flow eastward in a subsurface 

intensified shelf-break jet
– The Basin. Unstable jet produces subsurface anticyclonic

eddies that ventilate the upper halocline
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Estimating Basin Transport

76°N

72°N

74°N

70°N

160°W 150°W 140°W 130°W O
ce

an
 D

at
a 

V
ie

w



How Much Undersaturated Water is There? 

• Ω < 1 : 80% of the year 
• Ω < 0.75 : 30% of the year 

y = 237.12x-0.868

R² = 0.9664
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What is the fate of 
this undersaturated

water? 



Upwelling

• The atmosphere. Undersaturations in upwelled water will be 
eliminated through equilibration with the atmosphere

• 10 events yr-1

• 8-25% of undersaturated BSBC water lost to upwelling

Mathis, J.T., et al., 2012. GRL 39, L07606
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The Canadian Archipelago

How much undersaturated
water remains in the current? 
• ~172 non-upwelling days of 

undersaturated water transport at BS3
• 58% of total volume of undersaturated

water remains in the current at BS3
– Likely a lower bound
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The Fate of Shelf Modified Inflow Waters 

Yamamoto-Kawai et al., 2013 

(Azetsu-Scott et al., 2008, 2010; Lansard et al., 2012, Giesbrecht et al., 2013)



Conclusions

• Natural biogeochemical preconditioning 
combined with anthropogenic CO2 produces 
strong undersaturations in Pacific-Arctic inflow
– Ω < 1 : 80%
– Ω < 0.75 : 30%

• Three primary destinations for this 
undersaturated water:
– The Atmosphere (8 – 25%) 
• May increase in the future

– (The Canadian Archipelago + The Basin): 58%
– Still missing ~20%
• Conservative estimation of westward flow of 

undersaturated water at BS3
• Early shelf-basin exchange



Enhancing and Expanding the Observations 

Carbon Wave Glider 

Sail Drone
Autonomous platforms could increase 
our observational coverage by several 
orders of magnitude.



OA and CO2 in the North Atlantic 


