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Global Marine20 vs Localized LSG OGCM
Marine20 and Global-Scale Changes in Oceanic 14C Depletion 
Marine20 uses a transient application of the BICYCLE carbon cycle box model (Köhler et al., 2006, 2010) to estimate and factor out , the global-scale effects on the MRA. BICYCLE, and hence Marine20, takes account of major time-dependent changes in the global carbon cycle. This includes changing CO2 (Köhler et al., 2017) and atmospheric 14C levels (Reimer et al., 2020); global windspeeds (Kageyama et al., 2021; Kohfeld et al., 2013; McGee et al., 2010); and ocean circulation including glacial/interglacial changes in Atlantic meridional overturning circulation (AMOC) and Southern Ocean vertical mixing (Böhm et al., 2015; Henry et al., 2016; Hodell et al., 2003; Oka et al., 2021). BICYCLE, and Marine20, also incorporate temporal changes in sea-ice and temperature; as well as changes in the marine export production due to glacial iron fertilization (Köhler et al., 2006). BICYCLE does not however provide the localized responses to these variables – rather it summarizes their wider scale effects on very large ocean areas. Marine20 should therefore only be seen as providing an estimate of global-scale changes in oceanic 14C levels (Heaton et al., 2020, 2022).  
Importantly, users should however be aware that, through its  Marine20 does still incorporate the global-scale changes in surface ocean 14C depletion that occur in the glacial period. It does not maintain the carbon cycle/climate scenario in a constant Holocene state. Large-scale paleoclimate and carbon cycle contributions to changes in MRA during glacial periods are factored into the Marine20 curve for any user. We are only required to provide further adjustment, through , during glacial periods if we believe that there are additional localized effects, beyond those global elements which have already been incorporated, that have changed significantly from those seen in the Holocene. A specific example of such a localized effect might be if, in our specific location of interest, regional sea-ice was not present during the Holocene but extensive during the glacial.    
Regional Estimates of Oceanic 14C with the LSG OGCM Model under Fixed Climate Scenarios  
The LSG OGCM (Butzin et al., 2020) estimates incorporate changing CO2 and 14C levels but are run under fixed climate scenarios and are model specific. The PD, GS and CS estimates provided by the LSG OGCM are forced by the IntCal20 posterior mean for atmospheric 14C concentrations (Reimer et al., 2020) under specific climate scenarios (Butzin et al., 2005). During the relatively stable Holocene, the PD scenario is thought to be most representative of the true climate. Pre-Holocene, from c.a. 55,000 – 11,500 cal yr BP, the climate is thought to have changed much more substantially over time, but mainly been less extreme than the GS (LGM-based) scenario. While we expect short periods (e.g., during Heinrich events) when AMOC weakening may be closer to the low values within the CS scenario, or indeed shut off completely (Oka et al., 2021), we anticipate that it would take time for the MRA to increase to the values seen in the constant state CS climate scenario. This provides our justification for a recommendation that the constant state GS scenario should provide a reasonable upper bound for the level of oceanic 14C depletion in polar regions. 
[bookmark: _Ref94012143]Direct Use of LSG OGCM Outputs for pre-Holocene Polar 14C Calibration
For pre-Holocene 14C calibration in polar regions, it is not trivial to directly use the individual, and location specific, LSG OGCM outputs. These outputs are for fixed climate scenarios, whereas the true climate between 55,000 – 11,500 cal yr BP changed significantly. Furthermore, the LSG OGCM outputs are model specific regarding the precise sea-ice dynamics and freshwater balance, see Butzin et al. (2005) for details. The true climate and conditions in any location is uncertain and may not precisely match these specific LSG OGCM model choices. Calibrating a sample against any individual LSG OGCM scenario will therefore likely lead to biases in the resultant calendar age estimate, as well as overconfidence (i.e., provide an overly-narrow posterior calibrated age range). 
Should users wish to use the LSG OGCM outputs, they would also have to download and calibrate against the output from the nearest open-ocean LSG OGCM location. Each marine location would have a different calibration curve. This has the potential to introduce confusion and artefacts when calibrated ages are compared against those obtained using Marine20. Additionally, the LSG OGCM outputs are still relatively coarse-scaled (2.5º by 2.5º grid) and do not represent the coastal areas where many 14C samples to be calibrated are found. For calibration of such samples, the open-ocean LSG OGCM estimates still therefore require a regional coastal correction – a . We would have to assume this remained constant over time. To estimate such a  adjustment, a user would typically need to compare known-age 14C samples from the recent past against the corresponding PD scenario output from the nearest open-ocean LSG OGCM location. The resultant, Holocene- and PD-based  would then have to be transferred for use with the other LSG OGCM scenarios for the calibration of pre-Holocene samples. 
In combination, this additional complexity, and the potential for overprecise estimates due to model specificity, mean that direct use of the LSG OGCM outputs for calibration requires considerable care. We believe that a simpler approach allowing users to calibrate pre-Holocene polar samples directly against the Marine20 curve through a glacial adjustment of  is therefore of substantial value.   
Approximate Polar 14C Calibration using Marine20 informed by the LSG OGCM  
Our approach to polar 14C calibration allows individuals to maintain usage of the Marine20 curve yet is informed by the fixed-climate state LSG OGCM estimates. For polar regions, we estimate the temporal changes needed in  in order that calibration against the global-scale Marine20 will approximately recreate the regional LSGM OGCM outputs. Critically, at least from 40,000 – 0 cal yr BP, we show that each climate scenario of the LSG OGCM output can be approximated by applying a constant (not time dependent) shift to Marine20’s . Consequently, we can effectively transition between the different LSG OGCM scenarios by applying a static (constant) shift to a present-day estimate of  whilst retaining use of Marine20. 
For 14C samples from the Holocene, due to the uncertainty in carbon cycle that is captured by BICYCLE, calibrating against Marine20 with a present-day estimate of  effectively includes PD of the LSG OGCM as one of the potential climate scenarios. When considering 14C samples from the glacial period we suggest calibrating against Marine20 using both a present-day estimate of , and a boosted estimate  that mimics the additional polar 14C depletion modelled in the GS scenario of the LSG OGCM. We hope that these two separate calibrations, under limiting low- and high-depletion glacial scenarios, will provide a bracketing for the calendar ages of marine polar 14C samples. Since the boosting  required to move from  to  is not time-dependent, this can be achieved by existing calibration software without the need to create a bespoke localized calibration curve.

Constancy of GS Shift and Ocean Basin Dependence
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Figure S 1 – Moving from Marine20 to the GS scenario of the LSG OGCM. Plot of the increase in overall MRA, after accounting for shifts to ensure consistency for modern-day 14C observations, from the global-average Marine20 estimate of MRA to the regional GS scenario of the LSG OGCM during the glacial period from 55,000 – 11,500 cal yr BP for various latitudes along transects in the South Pacific, North Pacific, and North Atlantic and Arctic Oceans. At high latitudes, regional adjustments to Marine20 are required if we wish to recreate the effects of sea-ice as incorporated in the GS scenario of the LSG OGCM. These can be achieved through adjustments to the modern-day estimates of .
A Note on Ocean Basin Specific Adjustments 
We considered splitting the  boost according to both latitude and ocean basin (Indian; Pacific; and Atlantic and Arctic). Estimates of the latitudinal shifts, partitioned by ocean basin, can be seen in Figure S2 below (for the boost to recreate the GS scenario) and Figure S6 (to recreate the CS scenario). In the Atlantic and Indian Oceans, the shifts required to recreate the GS scenario remain larger further towards the Equator compared to those Pacific Ocean shifts. Investigation suggested these basin differences were primarily due to scenario-specific choices of sea-ice location within the GS and CS scenarios of the LSG OGCM: see Figures 3a (PD), 10a (CS), 10c (GS) in Butzin et al. (2005). The sea-ice in the GS and CS scenario of the LSG OGCM is modelled as extending further towards the Equator in both the Atlantic and Indian Oceans than in the Pacific. 
Since this sea-ice extent and location was felt to be a somewhat uncertain model choice, we have decided not to give basin specific adjustment. We did not wish to provide overly-precise information. As our knowledge increases, we expect basin specific adjustments will become possible. In particular, the transient disconnection between the North Pacific and the Arctic during the last glacial, due to the temporary closure of the Bering Strait, might be expected to have influenced the shift required between 14C samples in the North Pacific basin, and those in the North Atlantic and Arctic. 
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Figure S 2 – Plot of the MRA shift, split by ocean basin, required to transform Marine20 into the GS scenario of the LSG OGCM. At a given latitude, there are difference between the shift required in the Pacific (solid purple line with accompanying shaded interval); the Indian (solid purple line with accompanying shaded interval; and the Atlantic and Arctic Oceans (solid green line with accompanying shaded interval) compared with the combined ocean shift (dotted line). We believe these differences are predominantly due to the location of sea-ice within the modelled PD and GS scenarios. Since this is model specific, and our approach is only intended to provide an approximation, we have chosen not to provide a basin dependent shift for  and leave the suggested shift as only dependent upon latitude of the marine site.  


The CS scenario of the LSG OGCM
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Figure S 3: Comparing Marine20, PD and CS estimates for the MRA in marine locations along line transects passing through the: a) South Pacific; b) North Pacific; c) North Atlantic and Arctic Oceans. Shown in black is the estimate of  used in Marine20 together with its 2 interval (grey shaded region). The CS and PD estimates from the LSG OGCM have been shifted so that the mean of the plotted PD scenario in each location agrees with the mean of  from 11,500 – 0 cal yr BP. The shifted PD scenario for each latitude on the transect is shown as a (variously-colored) solid line and the shifted CS scenario as a matched dashed line. The vertical line represents 11,500 cal yr BP. CS estimates from the LSG OGCM are not provided for calendar ages more recent than this.
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Figure S 4: Moving from Marine20 to the CS scenario of the LSGM. Plot of the increase in overall MRA, after accounting for shifts to ensure consistency for modern-day 14C observations, from the global-average Marine20 estimate of MRA to the regional CS scenario during the glacial period from 55,000 – 11,500 cal yr BP for various latitudes along transects in the South Pacific, North Pacific, and North Atlantic and Arctic Oceans. At high latitudes, further regional adjustments to Marine20 are required if we wish to recreate the effects of sea-ice as incorporated in the GS scenario of the LSG OGCM. 
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Figure S 5: The adjustment  needed to recreate the CS scenario of the LSG OGCM according to latitude of the ocean site.  These values tend to be slightly larger than the  shifts with the CS scenario generally indicating greater oceanic 14C depletion. At the site of core MD02-2496 (49ºN), we would need to increase a modern-day estimate of   by around 740 14C yrs to recreate the CS scenario during the glacial period from 55,000 – 11,500 cal yr BP using Marine20.
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Figure S 6: Plot of the MRA shift, split by ocean basin, required to transform Marine20 into the CS scenario of the LSG OGCM. As for the GS scenario, at a given latitude, there are difference between the shift required in the Pacific (solid purple line with accompanying shaded interval); the Indian (solid purple line with accompanying shaded interval; and the Atlantic and Arctic Oceans (solid green line with accompanying shaded interval) compared with the combined ocean shift (dotted line). We believe these differences are predominantly due to the location of sea-ice within the modelled PD and CS scenarios of the LSG OGCM. Since this is model specific, and our approach is only intended to provide an approximation, we have chosen not to provide a basin dependent shift for  and leave the suggested shift as only dependent upon latitude of the marine site.
Excel Spreadsheet of Latitudinal Boosts
See Excel speadsheet listing with values shown in Table A2 (Appendix): 

DeltaRGlacialShiftsbyLatitude.xls
OxCal Calibration of Single Samples from core MD02-2496 (49ºN 127ºW).
See .rtf file with OxCal code to recreate calibration of single (Holocene and Glacial) samples from core MD02-2496 given in paper (with highlighting of how to change DeltaR). Files in folder SupplInfoE.zip: 

OxCalHoloceneSampleMD02_2496.rtf 
OxCalGlacialSampleMD02_2496.rtf

OxCal Age-Depth Modelling of Core MD02-2496 (49ºN 127ºW).
See .rtf file with OxCal code to recreate age-depth modelling of samples from core MD02-2496 given in paper (with highlighting of how to change DeltaR). File in folder SupplInfoF.zip: 

OxCalAgeDepthModelMD02_2496.rtf
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