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The world oceans have sequestered about 48% of the carbon dioxide that has been released by fossil fuel 
burning and sement production since early industrialization to 1994 and the anthropogenic carbon inventory 
is particularly high in the North Atlantic Ocean (Sabine et al. 2004).   The anthropogenic carbon dioxide 
causes shifts in chemical equilibria of the sea water carbonate system which lead to increased hydrogen ion 
concentration, [H+] (acitity), and decreased carbonate concentration, [CO32-], which increases the solubility 
of calcium carbonate thus making less feasible the formation of marine biogenic calcium carbonate.  A study 
by Orr et al. (Orr et al. 2005) using ocean carbon cycle models indicated that changes in the calcium 
carbonate saturation state in high latitude oceans will lead to undersaturation and impacts on ecosystems by 
the end of the century. However, the rate of change was uncertain due to lack of observation data. The sea 
water carbonate chemistry has been observed regularly since 1983 at two North Atlantic stations.   One is in 
the northern Irminger Sea with relatively warm and saline Modified North Atlantic Water derived from the 
North Atlantic Current.  The other is in the Iceland Sea where cold Arctic Intermediate Water usually 
predominates but the Polar Water influence in the surface  layers is variable (Stefánsson 1962; Hansen and 
Østerhus 2000).    
The observations, 1983-2008, provide evidence on present rates of change in pH and calcium carbonate 
saturation and how they relate to water masses and depth.  We evaluate the long term changes from winter 
observations, when biological activity is at seasonal minimum.  These reveal that the local rates of pH 
surface water change are -0.0014 yr-1 for the Irminger Sea and -0.0024 yr-1 for the Iceland Sea, compared 
with -0.0017 yr-1 observed in the BATS and ESTOC time series from the sub-tropical N-Atlantic (Bates 
2007; Santana-Casiano et al. 2007).  The rates of change in calcium carbonate saturation decrease with depth 
in the Iceland Sea but the aragonite saturation horizon, which is at about 1800 m depth, is rising 2 m yr-1 .  
Considering the hypsographic characteristics of the Iceland Sea, this transition brings each year 400 km2 of 
the sea floor to a state of aragonite undersaturation.   
 
References   
Bates NR (2007) Interannual variability of the oceanic CO2 sink in the subtropical gyre of the North Atlantic Ocean over the last 
two decades. J. Geophys. Res. 112: doi:10.1029/2006JC003759 Hansen B, Østerhus S (2000) North Atlantic-Nordic Seas 
exchanges. Progress in Oceanography 45: 109-208 Orr JC, Fabry VJ, Aumont O, Bopp L, Doney SC, Feely RA, Gnanadesikan A, 
Gruber N, Ishida A, Joos F, Key RM, Lindsay K, Maier-Reimer E, Matear R, Monfray P, Mouchet A, Najjar RG, Plattner G-K, 
Rodgers KB, Sabine CL, Sarmiento JL, Schlitzer R, Slater RD, Totterdell IJ, Weirig M-F, Yamanaka Y, Yool A (2005) 
Anthropogenic ocean acidification over the twenty-first century and its impact on calcifying organisms. Nature 437: 681-686 
Sabine CL, Feely RA, Gruber N, Key RM, Lee K, Bullister JL, Wanninkhof R, C. S. Wong, Wallace DWR, Tilbrook B, Millero 
FJ, Peng T-H, Kozyr A, Ono T, Rios AF (2004) The Oceanic Sink for Anthropogenic CO2. Science 305: 367-371 Santana-
Casiano JM, Gonzalez-Davila M, Rueda M-J, Llinas O, Gonzalez-Davila E-F (2007) The interannual variability of oceanic CO2 
parameters in the northeast Atlantic subtropical gyre at the ESTOC site. Global Biogeochemical Cycles, VOL. 21, GB1015, 
doi:10.1029/2006GB002788 21: doi:10.1029/2006GB002788 Stefánsson U (1962) North Icelandic Waters. Rit Fiskideildar 3: 1-
269 

Climate Change: Global Risks, Challenges and Decisions IOP Publishing
IOP Conf. Series: Earth and Environmental Science 6 (2009) 462005 doi:10.1088/1755-1307/6/6/462005

c© 2009 IOP Publishing Ltd 1




