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Figure S1. Scatter diagram between deglacial AGMSST and AGMOT. Reconstructions (blue dots)of AGMSST
from 20ka to 6ka are from Shakun et al. (/9) and Marcott et al. (20) and of AGMOT from Shackleton et al. (7). Also
shown are results from two transient deglacial simulations iTRACE (20ka-6ka; red dots) and TraCE-21k (22ka-Oka;
light green dots), eight time-slice simulations spanning the last deglaciation (33, gray) , and equilibrium simulations
from seven PMIP3 models and iCESM (MH-LGM in filled triangles and PI-LGM in filled circles). The dashed black

line denotes the HSE (AGMOT/AGMSST) =1.
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Figure S2. (A) Hovmoller diagram of scaled deglacial global mean ocean temperature changes (relative to the LGM,
divided by transient AGMOT) as a function of time and depth. (B) as (A) but for the Indo-Pacific Ocean. Black contours
in (A) and (B) highlight the value of 1. (C) Contributions (%) of individual basin to global ocean surface area, volume,
AGMSST and AGMOT. Inserted graphic demonstrates the domain of each basin, with color corresponding to that of

the bar chart.
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Figure S3. Scaled PI-LGM zonal mean ocean temperature change (divided by AGMSST) in the Atlantic (/eff), Indo-

Pacific (middle) and global basin (right) in four representative PMIP3 models.
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Figure S4. Temperature reconstructions from several Atlantic intermediate-depth sites (red) compared to
our ADOT reconstructions (blue) for those sites. The reconstructions from (A) KNR197-3-46 (63), (B) KNR166-2-
26JPC (77), (C) KNR-159-105JPC (78), (D) KNR159-5-36GGC (76), (E) KNR159-5-90GGC (76), and (F) PC-
CAMG61 (78) are based on the Mg/Li proxy. Temperature reconstructions for the other three cores are based on Mg/Ca:
(G) EW9302-2JPC (50), (H) MD95-2010 (50), and (I) MDO03-2707 (51).
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Figure S5. Model-data stacks comparison. See Fig. 2 for details on stack domain and color convention.
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Figure S6. Differences between regional benthic 8'30 stacks and the global 8'%0 stack. Upper panel is for the

Atlantic and lower panel is for the Pacific and Indian Ocean. Acronyms are intermediate = I, deep = D, NA = North

Atlantic, SA = South Atlantic, P =Pacific and I = Indian Ocean. Data from Lisiecki and Stern (36).
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Figure S7. PI-LGM SST change (units: °C) in four representative PMIP3 models.
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Figure S8. ICE+ORB+GHG simulated deglacial temperature changes. (A-C) Scaled zonal mean ocean
temperature change between the MH and LGM (divided by AGMSST) in the global ocean (A), Indo-Pacific (B) and
Atlantic (C). Contours in (A-C) show overturning stream-function in the MH in each basin (interval of 4 Sv). (D)
Changes in annual mean surface air temperature (SAT, green contour, interval of 5°C) and annual mean SST (color
shading, °C). Blue and red lines indicate sea ice edge (defined as 15% annual sea ice coverage) in the LGM (blue) and
the MH (red). (E) Zonal mean change of annual SST in iTRACE (solid line) and a reanalysis product (dashed line)

(31). (F) As (E) but for SAT.
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Figure S9. (A) MH-LGM changes in annual mean surface air temperature (SAT, green contour, interval of 5°C) and
cold season SST (shading, °C) simulated in iTRACE. Blue and red lines indicate sea ice edge (defined as 15% annual
sea ice coverage) at the LGM (blue) and MH (red), respectively. (B) Zonal mean change (MH-LGM) of cold season

SST (black) and annual mean SST (red).
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Figure S10. As Figure S8 but for ICE run.
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Figure S11 (a) Hovmoller diagram of deglacial global mean ocean temperature changes (relative to the LGM,
normalized by AGMOT) in ICE+ORB+GHG run as a function of time and depth. (b) As (a) but for zonal mean SST
changes (relative to the LGM, normalized by AGMSST) as a function of time and latitude. Only temperature changes

larger than 0.1 °C (relative to the LGM state) are considered.
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Figure S12. (A) SST changes (°C) between 15-14.9ka and 19ka in iTRACE. (B) As (A) but for temperature changes
(°C) at 500-m depth. (C) As (A) but for temperature change at 1000-m depth. (D) As (A) but for temperature change
at 2000-m depth. (E) Zonal mean Atlantic temperature (shading; °C) and overturning circulation (contour; interval of

2 Sv) changes between 15-14.9ka and 19ka in iTRACE.
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Figure S13. As Figure S12 but highlighting the pure meltwater effect by iTRACE minus ICE+ORB+GHG run. Note

the patterns are very similar to Figure S12.
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Figure S14. Scatter diagram between GMSST change and GMOT change (units: °C) in LongRunMIP abruptdx
experiments. Length of each simulation is shown in bracket. Large dots highlight year 100 and year 1000 for each

simulation.



Table S1. Simulated PI-LGM GMSST and GMOT changes in PMIP3 and iCESM1 models

Model AGMSST (°C) AGMOT (°C) AGMOT /AGMSST
CCSM4 2.0 1.9 1.0
CNRM-CM5 0.6 0.9 1.5
GISS-E2-R 2.1 1.6 0.8
IPSL-CMS5A-LR 2.3 1.3 0.6
MIROC-ESM 1.6 1.8 1.1
MPI-ESM-P 1.6 1.9 1.2
MRI-CGCM3 2.1 1.9 0.9
iCESM1 3.8 3.5 0.9

Data S1. Tab 1 ("Metadata"): the metadata for the 119 benthic 3'*0 records used to calculate ADOT and AGMDOT.
Tab 2 ("Global and Regional Stacks"): the global and regional ADOT stacks and their uncertainties. Tab 3 (labeled

"d'®0 500 years"): the 5'%0 stack (0 - 20 ka) at 500-year resolution.
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