
Changes	  in	  the	  oxygen	  content	  of	  the	  North	  Atlantic	  

We investigate long-term trends in dissolved oxygen in the North Atlantic from 1960 to 
2009 on the basis of a newly assembled high-quality dataset consisting of oxygen data 
from three different sources: CARINA, GLODAP and the World Ocean Database. 
Oxygen trends are determined along isopycnal surfaces for eight regions and five water 
masses using a general least-squares linear regression method that accounts for temporal 
auto-correlation. Our results show a significant decrease of oxygen in the Upper (UW), 
Mode (MW) and Intermediate (IW) waters in almost all regions over the last 5 decades. 
Over the same period, oxygen increased in the Lower Intermediate Water (LIW) and 
Labrador Sea Water (LSW) throughout the North Atlantic. The observed oxygen 
decreases in the MW and IW of the northern and eastern regions are largely driven by 
changes in circulation and/or ventilation, while changes in solubility are the main driver 
for the oxygen decrease in the UW and the increases in the LIW and LSW. From 1960 
until 2009 the UW, MW, and IW horizons have lost a total of −57±34 Tmol, while the 
LIW and LSW horizons have gained +46±47 Tmol, integrating to a roughly constant 
oxygen inventory in the North Atlantic. Comparing our oxygen trends with those of the 
oceanic heat content, we find an O2 to heat change ratio of −3.6±2.8 nmol J−1 for the UW, 
MW and IW, and a ratio of −2.8±3.4 nmol J−1 for the LIW and LSW. These ratios are 
substantially larger than those expected from solubility alone, confirming that circulation, 
ventilation and biology changes tend to enhance the solubility driven changes. To look at 
interannual to decadal O2 variability, we used 12 hydrographic repeated cruises along the 
eastern North Atlantic at 47°N from 1993 to 2011 with almost yearly resolution until 
2005. The analysis focused on the upper 1500 m. The results from this analysis show that 
the Subpolar Mode Water (SPMW), IW, and Mediterranean Overflow Water (MOW) 
underwent substantial decadal changes in the O2 concentrations between 1993 and 2002. 
These changes were associated to circulation, which during this period shows substantial 
variability due to the northward shift of the Subpolar front (SF) in the eastern North 
Atlantic. This shift caused more water of subtropical origin to enter into the eastern 
region, which subsequently reduced the ventilation in the SPMW. The decrease in the 
contribution of SAIW to the overall IW layer along with an increase in the contribution of 
AAIW and MOW, reduced the O2 concentration in this water mass. The observed long-
term O2 trends over the last 50 years (from 1960 to 2009) and the observed variability 
over the last decades (from 1993 to 2011) in the mode and intermediate waters were 
associated to the interplay between the North Atlantic Oscillation (NAO) shift that 
affected the ventilation and circulation of the long-term trends and the wind-stress curl 
that affected the circulation of the last decades. Further analysis needs to be done to 
understand the contribution of these two mechanisms to the overall O2 changes in the 
North Atlantic. 
	  


