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Figure S1. Results from the BICYCLE-SE carbon cycle box model. Prescribed changes in global mean sea surface temperature (GMSST)
and AMOC strength leading to the simulated MRAs. Non-polar surface ocean are the 100 m deep so-called equatorial boxes in BICYCLE-
SE, ranging from 40°S to 50°N or 40°N in Atlantic and Pacific, respectively. The surface North Atlantic is a 1 km deep box which covers all
north of 50°N including the Arctic Ocean. The deep Atlantic box contains water below 1 km water depth reaching from 40°S to the North,
including the Arctic Ocean. Data source: Marine20: Heaton et al. (2020); surface North Atlantic MRA: Skinner et al. (2019); deep Atlantic:
Skinner et al. (2023) as compiled in Kohler et al. (2024). Vertical bands mark Heinrich events (blue) or non-Heinrich stadials (pink), see
caption to Fig. 1 for details.
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Figure S2. Results from the LOVECLIM EMIC. Changes in global mean sea surface temperature (GMSST) and AMOC strength leading to
the simulated MR As, both as 50-yr running mean. MRA of the non-polar surface ocean is based on the top 54 m ranging from 50°S to 50°N.
The surface North Atlantic (top 54 m) covers all north of 50°N including the Arctic Ocean. Differences in MRA calculation when based
on top 104 m or top 252 m water depth are shown for the non-polar surface and surface North Atlantic. The deep Atlantic contains water
below 2 km water depth reaching 70°W-19°E, 40°S— 65°N. Data source: Marine20: Heaton et al. (2020); surface North Atlantic MRA:
Skinner et al. (2019); deep Atlantic: Skinner et al. (2023) as compiled in Kohler et al. (2024). Vertical bands mark Heinrich events (blue) or
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non-Heinrich stadials (pink), see caption to Fig. 1 for details.
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Figure S3. Results from the Bern3D EMIC. Changes in global mean sea surface temperature (GMSST) and AMOC strength leading to the
simulated MRAs. MRA of the non-polar surface ocean is based on the top 64 m ranging from 50°S to 50°N. The surface North Atlantic (top
64 m) covers all north of 50°N including the Arctic Ocean. Differences in MRA calculation when based on top 99 m or top 216 m water
depth are shown for the non-polar surface and surface North Atlantic. The deep Atlantic contains water below 2 km water depth reaching
35°S—70°N. Data source: Marine20: Heaton et al. (2020); surface North Atlantic MRA: Skinner et al. (2019); deep Atlantic: Skinner et al.
(2023) as compiled in Kohler et al. (2024). Vertical bands mark Heinrich events (blue) or non-Heinrich stadials (pink), see caption to Fig. 1

for details.
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Figure S4. Marine surface AR (in '*C yr), the local difference in MRA from the global value contained in Marine20. Background colors
are from natural **C in GLODAP based on the top 50 m of the water column minus Marine20-based MRA at 0 kyr BP (407 *4C yr). Circles
are reconstructed AR from the data base http://calib.org/marine/ (Reimer and Reimer, 2001). Data have been averged for 2° in both latitude
and longitude reducing 2000 entries into 609 plotted points. Subfigures differ only in the plotted AR from the data base (circles) as given in
their headlines, showing either mean values (AR) or AR + 1o. See methods for details.
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Figure S5. Annual mean mixed layer depth (MLD in m) for the simulation with freshwater fluxes (fwf) leading to reduced AMOC during
stadials (scenarios: fwf@LOVECLIM; PallSTD @Bern3D). 1st column: 2 kyr BP; 2nd column: 20 kyr BP; 3rd column: difference in MLD
(m) between 16 kyr BP and 20 kyr BP (16 — 20 kyr BP, or HS1-LGM). Criteria for MLD differ: LOVECLIM: depth of density difference
from surface of >0.02 kg/m®. Bern3D: mean of MLD in months January, February, March, July, August, September (depth of density
difference from surface of > 0.1 kg/m3). Use left color-code (bluish) for absolute values and right color-code (red-to-blue) for differences.
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Figure S6. Differences in surface MRA (**C yr) when calculations are based on roughly the top 200 m or roughly the top 50 m. 1st/2nd
column: absolute value for 2 kyr BP and 20 kyr BP, respectively, for the simulation with freshwater fluxes (fwf) leading to reduced AMOC
during stadials (scenarios: fwf@LOVECLIM,; PallSTD @Bern3D). 3rd column: difference between 16 kyr BP and 20 kyr BP (16 —20 kyr BP,
or HS1-LGM). 4th column: difference at 16 kyr BP (HS1) between fwf and nonfwf (scenarios: AO@BICYCLE-SE, nofwf@LOVECLIM;
Pnofwf@Bern3D).
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Figure S7. Combined overview on main results. Surface MRA (**C yr) from all models (BICYCLE-SE: surface box; all else: roughly
top 50 m) for the simulation with freshwater fluxes (fwf) leading to reduced AMOC during stadials (scenarios: A3@BICYCLE-SE,
fwf@LOVECLIM; PallISTD @Bern3D) and scenario med @LSG 1st column: absolute value for 2 kyr BP (PI) and surface MRA from natural
GLODAP. 2nd column: difference between 20 kyr BP and 02 kyr BP (LGM-PI). 3rd column: difference between 16 kyr BP and 20 kyr BP
(HS1-LGM). 4th column: difference at 16 kyr BP (HS1) between fwf and nonfwf (scenarios: AO@BICYCLE-SE, nofwf@LOVECLIM,;
Pnofwf@Bern3D). Missing figures due to missing data for several configuration. Data-based reconstructions (Skinner et al., 2023): 19 points
in the 2nd column (LGM, 19-21.8 kyr BP) and 13 points in 3rd column (HS1 (15-17.5 kyr BP) — LGM (19-21.8 kyr BP)). Use left color-code
(brownish) for absolute values (1st column) and right color-code (blue-to-red) for differences (2nd—4th column).



H5 H4 H3 qu H1 YD
PR T ST S (N T T ST SO TN ST SN SR TN T ST SO ST ST WU SN ST SN AN ST SO S w1 P S T T SO T T T SN TN TN ST SO (N ST SO T T ST T
4000 5.1 13 12 1110 9 8 76 52514 (3) 2.1a 1 GS | 4000
3500 - 3500
LOVECLIM ¢
. 3000 (fwf) - 3000
> 2500 - 2500
VO I
< 2000 2000
é 1500 1500
=
1000 1000
500 500
0 _ 0
— Marine20 (95% Cl)
— H _Ii oQ_ o
4000 Marine20-like (50°S-50°N) 4000
—— S of 50°S i
3%00 4 N of 50°N BernaD - 3500
3000 global mean (PallSTD) [ 3000
> 2500 2500
O
3 2000 2000
E;': 1500 1500
=
1000 . 1000
Y \/\f\ ¥ A'\v\» ,‘\/].
500 WAL/ \ _,‘\wl\nf;_, 45‘4\” hx W "‘:{\m\‘m&’\&ﬁﬂﬁf 500
0 0
4000 | 1 4000
3500 | { 3500
3000 | 13000
> 2500 | { 2500
< 2000 f 12000
é 1500 | {1500
=
1000 | XA 11000
500 500
0t . . . . . 0
50,000 40,000 30,000 20,000 10,000 0
Age (yr BP)

Figure S8. Towards global MRA. Comparing simulated MRA of the non-polar (Marine20-like; latitudes of <50°), the high northern
(>50°N), the high southern (>50°S) surface ocean and global mean MRA with Marine20 for different models. All model results are
calculated from approximately the top 50 m of the ocean.
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Figure S9. Sea ice fraction for March (Mar, 1st, 3rd, 5Sth column) and September (Sep, 2nd, 4th, 6th column) for three time windows (1st &
2nd column: 2 kyr BP; 3rd & 4th column: 16 kyr BP; 5th & 6th column: 20 kyr BP) and the two models LOVECLIM (1st & 3rd row) and
Bern3D (2nd & 4th row) according to the labels. Northern (1st — 2nd row) and southern (3rd — 4th row) polar projections are showing areas
> 42.5° latitudes. The white area at the North Pole misses simulation data (singularity) and the white zones within the sea ice area contain
no ocean grid points.



