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- Motivation and methods Perturbation experiments
e World Ocean Atlas 2018 and float observations show widespread O2 disequilibrium e Perturbation experiments allow a single variable from LGM conditions to be imposed
e The model used - Model of Biogeochemistry and Isotopes coupled to Transport on the preindustrial state, keeping all other variables fixed at their PIC value, to
: Matrix Method driven by UVic ESCM physics' - agrees well with these observations determine the effect on different components of the Oz system
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° : Schematic overview of MOBI - Model of Ocean PIC conditions with LGM perturbations
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' LGM perturbations explained:
e Preformed O2 (O2,pre) is decomposed into equilibrium (O2,eq) and disequilibrium (O2,dis) Circulation - shallower and weaker AMOC
’ Sea ice - increased extent. Separate experiments show individual effect of:
2
components O2 gas exchange (51-O2), and
' e Modelis run with full physics and biology, and physics only - the difference between light limitation on biology (Sl-bio) -
h . he bioloaical ibuti ilibri d di ilibri O Temperature - decrease. Separate experiments show individual effect of:
. the runs gives the biological contribution to equilibrium and disequilibrium O2pre increased Oz solubility (T-02), and
_ _ _ o changes to biological productivity and regeneration (T-bio)
OZ*PTE o [Oﬁeq,phy + 02 q*bm] + [Ogrdwrphy + Oldwﬂbm] Iron (Fe) - enhanced iron inputs for LGM
>0 =0 <0 <0 All perturbations: circulation, sea ice, temperature, iron and salinity (not shown)

e Interior Oz is the sum of preformed Oz and Oz removed by consumption of organic

matter (O2s0f) (see schematic below) Effect of perturbations on O2 components in Atlantic and Pacific basins

Atlantic zonal mean average

- Biological contribution to Oz (O2pi0) is the sum of disequilibrium Oz, due to biology C{;C“'\a;‘,or; - Seaice =~ cealce-Dz  Seaice-blo  lemperature  lron Al perturbations
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Preindustrial and LGM control experiments o i) . A
e Our decomposition method is used to investigate changes in O2 between - "3 P AR E N RS A -
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: e Changes in Oz inventory: LGM minus PIC Latitude
oproxy data plotted shows more O2 in LGM than PIC e proxy data plotted shows less O2 in LGM than PIC
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. AQO2,dis,phy: +3 Pmol AO2;soft: +23 Pmol | == | between PIC and LGM are o . . . : .
AO2:-33 Pmol = | AOapmy: 427 Pmol | + | AO250: -60 Pmol dominated by Oz,dis bio The glacial ocean is deoxygenated relative to the preindustrial ocean
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in LGM less O2 consumption at depth waters - enhances biologically
. Temperature mediated disequilibrium
O2 solubility 4
® |[ower biological productivity due to sea ice and circulation, and lower
temperatures tend to increase Oz in the glacial ocean
,m‘;rlioz ® However this was more than compensated by biologically mediated
IN

disequilibrium Oz enhanced by sea ice and iron fertilisation leading to global
deep ocean deoxygenation in the glacial ocean

e proxy data plotted shows (qualitatively) more O2 in LGM than PIC
e proxy data plotted shows less O2 in LGM than PIC
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