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The importance of the Antarctic Ocean on ocean oxygen depletion associated with global warming
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Ocean warming, increased stratification and weakening ocean circulation caused by global warming will likely lead to declines
in dissolved oxygen in the ocean. This oxygen reduction can be considered as one of major stressor of ocean ecosystems and
ocean biogeochemical cycles. A few earth system models of intermediate complexity show continuing oxygen reduction for
1000 years or more into the future, even after atmospheric CO, stops rising. The projected declines in the total oxygen
inventory are as large as 30%. In contrast, fully coupled general circulation models cannot generally be run sufficiently long
because of computational cost.

In this study, we conducted a quasi-equilibrium experiments (2xCO,) for 2000 years using MIROC 4m. We calculated the
change in dissolved oxygen concentration due to global warming using an off-line ocean biogeochemical model and the
physical variables simulated by MIROC 4m. Global mean oxygen concentration decreases by 6 umol/L at 200 model years.
However, oxygen concentration rapidly recovers and overshoots preindustrial conditions. This recovery is induced by deep
water formation in the Weddell Sea. Sea ice reduction in the winter and warming of the deep ocean lead to unstable
stratification with respect to surface conditions, which then breaks down; ventilating the deep ocean. This deep water
formation in the Weddell Sea result in a rapid increase in oxygen concentration in the deep Southern Ocean and a gradual
increase in the other ocean. The potential for deep water formation in the Southern Ocean has important implications for ocean
oxygen concentration in addition to the collapse of the Atlantic meridional overturning circulation that acts to stagnate the deep
North Atlantic Ocean.
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Figure 2. Distribution of oxygen change at 1000 m depth after

1000 model years



