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1. Modification of density threshold in GFDL-OM4

We found that defining AABW according to maximum overturning in the Pacific Ocean
in GFDL-OM4-025 lead to an unrealistic representation of AABW location and corre-
spondingly poor reconstruction skill. The density threshold that maximises mean AABW
transport in GFDL-OM4-025 is 1037.02 kg/m?, but this shifts the AABW to include
shallower depths than in ACCESS-OM2-01, and to include water in the eastern Pacific
(Figures S1 a and b). Using the ACCESS-OM2-01 definition of AABW in GFDL-OM4-
025 produces an estimate of AABW which is of similar volume and location to AABW
in ACCESS-OM2-01. Observations suggest there is minimal net AABW transport in the
east Pacific (Cimoli et al., 2023, Fig 5), supporting the use of a higher density threshold.
The higher density threshold also improves the skill of AABW transport reconstructions

(Figures S1 ¢ and d).
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a) AABW location (ACCESS-OM2-01)
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Figure S1. The influence of AABW density threshold in the Pacific Ocean on the physical
location of AABW and reconstruction skill of AABW transport. a) ps potential density (colors)
and the defining contour (in black) of of AABW in ACCESS-OM2-01 historically forced run,
for reference. b) py potential density (colors) and the defining contour (grey/black) of AABW
in GFDL-OM4-025, defined using both the maximum overturning (1037.02 kg/m3, black) and
ACCESS-OM2-01 definition (1037.08 kg/m?, grey). c¢) and d) show the R? and RMSE respec-

tively for AABW transport reconstructions in GFDL-OM4-025, using each AABW definition.
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Figure S2. Empirical error estimation of four different GRACE products. The Jet Propulsion
Laboratory (JPL) GRACE mascon product RLO6mv3 (a,b) has lower RMSE than other products
tested. c,d) Centre for Space Research (CSR) mascon product RL06.2 (Save et al., 2016; Save,
2020) e,f) Goddard Space Flight Centre (GSFC) mascon product RLO6v2.0(Loomis et al., 2019)

g,h) Australian National University solutions (ideally we’ll have a ref sometime soon). All except
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the ANU solutions are taken from a regridded product.
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Figure S3. Influence of different latitude widths of ocean bottom pressure data used to

reconstruct AABW transport on a) reconstruction skill and b) mean squared error. Grey shading

indicates the width of latitude used in the rest of this work.
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Figure S4. Influence of different temporal filtering length on a) reconstruction skill and b)

mean squared error. Grey shading indicates the temporal filter used in the rest of this work.
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Figure S5. Influence of location at which transport is calculated on a) reconstruction skill and

b) mean squared error. Black outlines indicate the transects used in the rest of this work.
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Figure S6. As per Figure 7b: MSE of AABW transport reconstruction in different models, but

with grey shading indicating the total AABW variance after temporal smoothing, for comparison.
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