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Supplement figure captions
Fig. S1. Effect of insolation at the beginning of the Last Interglacial (LIG, 130 kyr BP) relative to mid-Holocene (6 kyr BP). Surface air temperature (SAT) anomalies (in °C) between LIG-×0.5 and HOL-×0.5 simulations for: a) annual mean, b) local winter mean, and c) local summer mean. Violet dashed lines represent the LIG 50%-compactness sea ice isoline, violet continuous lines represent the LIG sea ice edge. Green dashed lines represent the mid-Holocene 50%-compactness sea ice isoline, green continuous lines represent the mid-Holocene sea ice edge. Hatched areas mark statistically insignificant SAT anomalies. The anomalies are weaker than if compared to preindustrial (PI), due to smaller differences of the astronomical parameters between the LIG and mid-Holocene relative to PI (Table 1 in the main text). Warming occurs mainly in the Northern Hemisphere (NH), especially at high latitudes where the highest positive SAT anomaly of ΔSAT = +2.2°C is found for annual mean (a). Negative annual mean SAT anomalies are found mainly over Africa, the Arabian Peninsula, and India, and locally over the ocean (a). Globally, the average temperature anomaly amounts to ΔSAT = +0.12°C, the NH and Southern Hemisphere (SH) show average anomalies of ΔSAT = +0.19°C and ΔSAT = +0.04°C, respectively. The Atlantic Meridional Overturning Circulation is stronger (by 1.0 Sv) in the mid-Holocene simulation than in the LIG. The NH local winter during the LIG is in general cooler than during the mid-Holocene, with negative annual mean anomalies that reach locally -3.1°C (b). Positive anomalies in the NH are stronger but isolated, occurring only over the Barents Sea, eastern Greenland, and the Sea of Okhotsk (up to +4.6°C, b). Average SAT anomalies are ΔSAT = -0.17°C globally and ΔSAT = -0.77°C for NH. SH winter experiences positive anomalies in the LIG with an average of ΔSAT = +0.41°C. Local summer is globally warmer in the LIG compared to the mid-Holocene, with SAT anomalies of up to +5.9°C (c). Average SAT anomalies are ΔSAT = +0.51°C (globally) and ΔSAT = +1.3°C (NH). The SH is cooler by ΔSAT = -0.29°C. Negative SAT anomalies are located mainly over South America, southern Africa, Australia, and Antarctica.
Fig. S2. Effect of atmospheric methane concentration at the beginning of the Last Interglacial (LIG, 130 kyr BP). Surface air temperature (SAT) anomalies (in °C) between LIG-1300m-alb-CH4 and LIG-1300m-alb simulations for: a) annual mean, b) local winter mean, and c) local summer mean. Hatched areas mark statistically insignificant SAT anomalies. An increased concentration of CH4 in the LIG, from 650 to 760 ppbv, is causing a warming in the northern middle to high latitudes and a cooling in the southern high latitudes. The strongest annual mean warming occurs in the middle latitudes, especially over the Sea of Okhotsk, the Bering Sea, and North America (up to +4.3°C), while the strongest cooling occurs near Antarctica (-2.4°C, a). The average global annual mean SAT anomaly is ΔSAT = +0.18°C, while in the Northern Hemisphere (NH) the average warming is ΔSAT = +0.34°C. Average annual mean SAT anomaly values in the Southern Hemisphere (SH) are negligible. The increase in CH4 leads to a reduction of Atlantic Meridional Overturning Circulation of 0.6 Sv. The strongest effect of increased CH4 is visible for local winter (b). In the global average, warming occurs for both seasons, with ΔSAT = +0.16°C in local winter and ΔSAT = +0.19°C in local summer. During local winter, the NH warms by up to +10.1°C locally, with an average SAT anomaly of ΔSAT = +0.39°C (b). NH local summer warms as well but at a lower magnitude: ΔSAT = +0.33°C (locally by up to +2.9°C warming, c). In the SH, the winter becomes cooler, locally by -4.8°C (b) with an average of ΔSAT = -0.06°C. The summer in the SH is characterized by a modest warming of ΔSAT = +0.04°C. In both seasons, cooling is strongest around Antarctica, especially in winter (c).
Fig. S3. Anomaly of zonal monthly mean insolation at the top of the atmosphere (in W m-²) between the Glacial Inception (115 kyr BP, GI simulation) and the Last Interglacial (130 kyr BP, LIG-1300m-alb simulation).
Fig. S4. Effect of insolation at the Glacial Inception (GI, 115 kyr BP) relative to the Last Interglacial (LIG, 130 kyr BP). Surface air temperature (SAT) anomalies (in °C) between, GI and LIG-1300m-alb simulations for: a) annual mean, b) local winter mean, and c) local summer mean. Violet dashed lines represent the GI 50%-compactness sea ice isoline, violet continuous lines represent the GI sea ice edge. Green dashed lines represent the LIG 50%-compactness sea ice isoline, green continuous lines represent the LIG sea ice edge. Hatched areas mark statistically insignificant SAT anomalies. The annual mean anomalies (a) show that climate at the GI was much cooler in middle to high latitudes (-13.9°C locally) and in general warmer at low latitudes. The strongest warming is found over Africa, the Arabian Peninsula, India, and over the North Atlantic Ocean (up to +9°C). At low latitudes, cooling is limited to the continents. Annual mean SAT anomalies are ΔSAT = -0.37°C (globally), ΔSAT = -0.4°C (Northern Hemisphere (NH)), and ΔSAT = -0.35°C (Southern Hemisphere (SH)). Greenland and the Arctic Ocean experience strongest cooling (reaching -9°C). A pronounced cooling over Greenland is also proposed by Dahl-Jensen et al. (2013). The Atlantic Meridional Overturning Circulation during the GI is stronger by 4.9 Sv than at the beginning of the LIG. At the end of the LIG, the local winter becomes warmer, while the local summer cools (b, c). Local winter of the GI is much warmer in northern low and middle latitudes (up to +9.5°C) and much cooler at high latitudes (especially in the NH, over Greenland, and the Arctic Ocean, up to -23.3°C over the Barents Sea). The GI global mean winter SAT anomalies are positive (ΔSAT = +0.12°C). Strongest positive winter SAT anomalies occur in the NH (ΔSAT = +1.17°C), the SH is cooler by ΔSAT = -0.92°C. Warming and cooling are in phase with insolation forcing (Fig. S3). During GI winter months, the insolation is higher compared to the LIG by up to +60 W m-², especially at low and middle latitudes, which coincides with simulated positive SAT anomalies. Local summer cooling is as well in phase with the insolation (Fig. S3). During summer, GI insolation is reduced with respect to the LIG, with the most pronounced change occurring in the NH (decrease by up to -100 W m-²), where the simulated negative summer SAT anomalies show a mean of ΔSAT = -2.89°C (c). In the SH, the insolation change is higher by up to +60 W m-². Here, summer anomalies indicate an average increase in SAT of ΔSAT = +0.3°C. Globally, the local summer during GI is much cooler than during the LIG with ΔSAT = -1.31°C (especially over the NH continents and the Arctic Ocean, where SATs decrease locally by -13.7°C). Except for parts of South America and Africa, southern low to middle latitudes experience a strong warming of up to +8.1°C. Local warming occurs also over central Africa, the Arabian Peninsula, India, and in the North Atlantic Ocean (c).

Fig. S5. Effect of trace gas concentrations at the beginning of the Last Interglacial (LIG, 130 kyr BP). Surface air temperature (SAT) anomalies (in °C) between LIG-GHG and LIG-ctl simulations for: a) annual mean, b) local winter mean, and c) local summer mean. Violet dashed lines represent the LIG-GHG 50%-compactness sea ice isoline, violet continuous lines represent the LIG-GHG sea ice edge. Green dashed lines represent the LIG-ctl 50%-compactness sea ice isoline, green continuous lines represent the LIG-ctl sea ice edge. Hatched areas mark statistically insignificant SAT anomalies. Annual mean SAT anomalies (a) indicate a global average cooling of ΔSAT = -0.12°C. The most dramatic changes are relatively isolated. A strong cooling occurs in the Arctic Ocean (east of Greenland) with a magnitude of up to -2°C. Negative anomalies can also be observed in northern Asia, Australia, and some parts of South America and Antarctica. Warming is restricted to Bering Sea, Gulf of Alaska, and off coast of Antarctica, with the highest change over Bering Sea of up to +4.6°C. The average over the Northern Hemisphere (NH) shows a minor cooling of ΔSAT = -0.07°C, due to the localized but strong warming. Southern Hemisphere (SH) average indicates a slightly stronger cooling of ΔSAT = -0.18°C. There is no notable change in the Atlantic Meridional Overturning Circulation in the LIG-GHG relative to LIG-ctl. When looking at the coolest (b) and warmest (c) months, we observe a clear winter signal during which the change is most dramatic with values from -3.9°C to +11°C, but with a modest average of ΔSAT = -0.07°C. The NH becomes warmer with positive anomalies covering Bering Sea, Gulf of Alaska, and parts of North America, North Atlantic Ocean, Greenland, Scandinavia, the Mediterranean Sea, Africa, and eastern Asia (b). Cooling is restricted to the Arctic Ocean, eastern Asia, Europe, and northern Africa. The average is minor (ΔSAT = +0.03°C) due to isolated but strong warming being canceled by the widespread cooling. The SH experiences strong isolated changes as well, with warming being present only off the coast of Antarctica and cooling over Australia and parts of South America and Antarctica (b). Here, the average is ΔSAT = -0.17°C. Summer anomalies are of a smaller magnitude, with warming areas located at respective regions of the annual mean averages. Globally, there is a cooling of ΔSAT = -0.18°C. The NH and SH are characterized by averages of ΔSAT = -0.15°C and ΔSAT = -0.21°C, respectively (c). In all three cases, the NH experiences warmer anomalies than the SH.
Fig. S6. Effect of insolation and atmospheric methane concentration for the Last Interglacial (LIG) relative to preindustrial (PI). Model-data comparison of mean local summer temperature anomalies (in °C). The shading represents the simulated surface air temperature (SAT) anomalies at the a) beginning of the LIG (130 kyr BP, LIG-ctl simulation) and summer maximum LIG warmth (warmest 100 warmest months between 130 and 120 kyr BP derived from LIG-ctl-tr simulation), relative to PI. Hatched areas in a) mark statistically insignificant SAT anomalies. The squares and circles show marine and terrestrial proxy-based maximum LIG summer temperature anomalies relative to PI derived by CAPE Last Interglacial Project Members (2006). The colors inside the squares and circles represent the proxy-based temperature anomalies derived from the intervals provided by CAPE Last Interglacial Project Members (2006) that agree best with the modelled SAT at the location of the proxies. The RMSDterrestrial = 1.20°C and RMSDmarine = 1.57°C for a), and RMSDterrestrial = 1.16°C and RMSDmarine = 1.40°C for b). When considering only the 5 marine records located in northern North Atlantic, RMSDmarine = 1.98°C for a) and RMSDmarine = 1.52°C for b).

Fig. S7. Effect of insolation and atmospheric methane concentration for the Last Interglacial (LIG) relative to preindustrial (PI). Model-data comparison of mean annual temperature anomalies (in °C). The shading represents the simulated surface air temperature (SAT) anomalies at the a) beginning of the LIG (130 kyr BP, LIG-ctl simulation) and b) maximum LIG warmth (warmest 100 model years between 130 and 120 kyr BP derived from LIG-ctl-tr simulation), relative to PI. Hatched areas in a) mark statistically insignificant SAT anomalies. The squares and circles show marine and terrestrial proxy-based LIG annual mean temperature anomalies relative to present-day (1961-1990) derived by Turney and Jones (2010). The RMSDterrestrial = 3.40°C and RMSDmarine = 2.61°C for a) and RMSDterrestrial = 3.21°C for b).
Fig. S8. Effect of insolation and atmospheric methane concentration for the Last Interglacial (LIG) relative to preindustrial (PI). a) Proxy-based maximum LIG summer temperature anomalies (in °C) relative to PI derived by CAPE Last Interglacial Project Members (2006) and b), c) proxy-based LIG annual mean temperature anomalies relative to present day (1961-1990) derived by Turney and Jones (2010), plotted against simulated a) local summer and b), c) annual mean surface air temperature (SAT) anomalies at the beginning of the LIG (130 kyr BP, LIG-ctl simulation) relative to PI at the location of the proxies. The horizontal bars in a) represent the proxy-based temperature intervals derived by CAPE Last Interglacial Project Members (2006). The vertical bars indicate the simulated SAT anomalies at the maximum and minimum LIG SAT, derived from the time interval 130 to 120 kyr BP (LIG-ctl-tr simulation) relative to PI, for each given proxy record location, for a) local summer mean (i.e. the coldest and warmest 100 warmest months), b) annual mean (i.e. the coldest and warmest 100 model years), and c) local summer and local winter (i.e. the warmest 100 warmest months and coldest 100 coldest months). The squares (red) and circles (black) represent marine and terrestrial proxy-based temperature anomalies, respectively. The solid thick lines represent the 1 : 1 line that indicates a match between modelled and reconstructed temperature anomalies.

Fig. S9. Effect of a), c) Greenland Ice Sheet elevation, insolation, albedo, and atmospheric methane concentration and b), d) insolation and atmospheric methane concentration for the Last Interglacial (LIG) relative to preindustrial (PI). Model-data comparison of temperature anomalies (in °C). The shading represents the simulated mean annual surface air temperature (SAT) anomalies at the a), b) beginning of the LIG (130 kyr BP), in LIG-1300m-alb simulation (a) and LIG-ctl simulation (b), and c), d) maximum LIG warmth (warmest 100 years between 130 and 120 kyr BP) derived from LIG-1300-alb-tr simulation (c) and LIG-ctl-tr simulation (d), relative to PI. Hatched areas in a) and b) mark statistically insignificant SAT anomalies. The squares and circles show marine and terrestrial proxy-based maximum LIG summer temperature anomalies relative to PI derived by CAPE Last Interglacial Project Members (2006). The colors inside the squares and circles represent the proxy-based temperature anomalies derived from the intervals provided by CAPE Last Interglacial Project Members (2006), that agree best with the modelled SAT anomalies at the location of the proxies. The RMSDterrestrial = 3.03°C and RMSDmarine = 2.35°C for a), RMSDterrestrial = 2.25°C and RMSDmarine = 2.02°C for b), RMSDterrestrial = 3.08°C and RMSDmarine = 2.32°C for c), and RMSDterrestrial = 2.10°C and RMSDmarine = 1.45°C for d). When considering only the 5 marine records located in northern North Atlantic Ocean, RMSDmarine = 2.24°C for a), RMSDmarine = 3.03°C for b), RMSDmarine = 1.59°C for c), and RMSDmarine = 1.89°C for d).
Fig. S10. Effect of a) Greenland Ice Sheet elevation, insolation, albedo, and atmospheric methane concentration and b) insolation and atmospheric methane concentration for the Last Interglacial (LIG) relative to preindustrial (PI). Proxy-based maximum LIG summer temperature anomalies (in °C) relative to PI derived by CAPE Last Interglacial Project Members (2006) plotted against simulated annual mean surface air temperature (SAT) anomalies at the beginning of the LIG (130 kyr BP) in a) LIG-1300m-alb simulation and b) LIG-ctl simulation, relative to PI at the location of the proxies. The horizontal bars represent the proxy-based temperature intervals derived by CAPE Last Interglacial Project Members (2006). The vertical bars indicate the simulated mean annual SAT anomalies at the maximum and minimum LIG SAT (i.e the coldest and warmest 100 model years) calculated from the time interval 130 to 120 kyr BP derived from a) LIG-1300m-alb-tr simulation and b) LIG-ctl-tr simulation relative to PI, for each given proxy record location. The squares (red) and circles (black) represent marine and terrestrial proxy-based temperature anomalies, respectively. The solid thick lines represent the 1 : 1 line that indicates a perfect match of modelled and reconstructed anomalies.
Fig. S11. Effect of Greenland Ice Sheet elevation, insolation, albedo, and atmospheric methane concentration for the Last Interglacial (LIG) relative to preindustrial (PI). Model-data comparison of temperature anomalies (in °C). The shading represents the simulated mean local summer surface air temperature (SAT) anomalies at the a) beginning of the LIG (130 kyr BP, LIG-1300m-alb simulation) and b) summer maximum LIG warmth (warmest 100 warmest months between 130 and 120 kyr BP derived from LIG-1300m-alb-tr simulation), relative to PI. Hatched areas in a) mark statistically insignificant SAT anomalies. The squares and circles show marine and terrestrial proxy-based LIG annual mean temperature anomalies relative to present day (1961-1990) derived by Turney and Jones (2010). The RMSDterrestrial = 4.44°C and RMSDmarine = 2.61°C for a), and RMSDterrestrial = 5.06°C for b).
Fig. S12. Effect of insolation and atmospheric methane concentration. Same as Fig. S7 but for local summer mean. The RMSDterrestrial = 4.04°C and RMSDmarine = 2.62°C for a), and RMSDterrestrial = 4.72°C for b).
Fig S13. Effect of a) Greenland Ice Sheet elevation, insolation, albedo, and atmospheric methane concentration and b) insolation and atmospheric methane concentration for the Last Interglacial (LIG) relative to preindustrial (PI). Proxy-based LIG annual mean temperature anomalies (in °C) relative to present-day (1961-1990) derived by Turney and Jones (2010) plotted against simulated mean local summer surface air temperature (SAT) anomalies at the beginning of the LIG (130 kyr BP) in a) LIG-1300m-alb simulation and b) LIG-ctl simulation, relative to PI at the location of the proxies. The vertical bars indicate the simulated mean local summer SAT anomalies at the summer maximum and minimum LIG SAT (i.e the coldest and warmest 100 warmest months) calculated from the time interval 130 to 120 kyr BP derived from a) LIG-1300m-alb-tr simulation and b) LIG-ctl-tr simulation relative to PI, for each given proxy record location. The squares (red) and circles (black) represent marine and terrestrial proxy-based temperature anomalies, respectively. The solid thick lines represent the 1 : 1 line that indicates a perfect match of modelled and reconstructed anomalies.
Fig. S14. Effect of Greenland Ice Sheet elevation, insolation, and albedo. Annual mean cloud cover anomaly between beginning of the Last Interglacial (130 kyr BP, LIG-1300m-alb-CH4 simulation) and preindustrial (PI simulation).
Fig. S15. Effect of Greenland Ice Sheet elevation, insolation, albedo, and atmospheric methane concentration for the Last Interglacial (LIG) relative to preindustrial (PI). a), b) Model-data comparison of temperature anomalies (in °C). The shading represents the simulated surface air temperature (SAT) anomalies at 125 kyr BP (LIG-125k simulation) for: a) annual mean and b) local summer mean, relative to PI. Hatched areas mark statistically insignificant SAT anomalies. The squares and circles show marine and terrestrial proxy-based maximum LIG summer temperature anomalies relative to PI derived by CAPE Last Interglacial Project Members (2006). The colors inside the squares and circles represent the proxy-based temperature anomalies derived from the intervals provided by CAPE Last Interglacial Project Members (2006), that agree best with the modelled SAT anomalies at the location of the proxies. c), d) Proxy-based maximum LIG summer temperature anomalies relative to PI derived by CAPE Last Interglacial Project Members (2006) plotted against simulated c) annual mean and d) local summer mean SAT anomalies at 125 kyr BP (LIG-125k simulation) relative to PI at the location of the proxies. The horizontal bars represent the proxy-based temperature intervals derived by CAPE Last Interglacial Project Members (2006). The vertical bars indicate the simulated SAT anomalies at the maximum and minimum LIG SAT derived from the time interval 130 to 120 kyr BP (LIG-1300m-alb-tr simulation) relative to PI, for each given proxy record location, for: c) annual mean (i.e. the coldest and warmest 100 model years) and d) local summer mean (i.e the coldest and warmest 100 warmest months). The squares (red) and circles (black) represent marine and terrestrial proxy-based temperature anomalies, respectively. The solid thick line represents the 1 : 1 line that indicates a perfect match of modelled and reconstructed anomalies.
Fig. S16. Effect of Greenland Ice Sheet elevation, insolation, albedo, and atmospheric methane concentration for the Last Interglacial (LIG) relative to preindustrial (PI). Model-data comparison of temperature anomalies (in °C). The shading represents the simulated surface air temperature (SAT) anomalies at 125 kyr BP (LIG-125k simulation) for: a) annual mean and b) local summer mean, relative to PI. Hatched areas mark statistically insignificant SAT anomalies. The squares and circles show marine and terrestrial proxy-based LIG annual mean temperature anomalies relative to present-day (1961-1990) derived by Turney and Jones (2010).
Fig. S17. Effect of Greenland Ice Sheet elevation, insolation, albedo, and atmospheric methane concentration for the Last Interglacial (LIG) relative to preindustrial (PI). Proxy-based LIG annual mean temperature anomalies relative to present day (1961-1990) derived by Turney and Jones (2010) plotted against simulated a) annual mean and b) local summer mean surface air temperature (SAT) anomalies at 125 kyr BP (LIG-125k simulation) relative to PI at the location of the proxies. The vertical bars indicate the simulated SAT anomalies at the maximum and minimum LIG SAT derived from the time interval 130 to 120 kyr BP (LIG-1300m-alb-tr simulation) relative to PI, for each given proxy record location, for: a) annual mean (i.e. the coldest and warmest 100 model years) and b) local summer mean (i.e the coldest and warmest 100 warmest months). The squares (red) and circles (black) represent marine and terrestrial proxy-based temperature anomalies, respectively. The solid thick line represents the 1 : 1 line that indicates a perfect match of modelled and reconstructed anomalies.
Fig. S18. Effect of a), b), c) Greenland Ice Sheet elevation and c) albedo at the beginning of the Last Interglacial (130 kyr BP). December-January-February mean sea level pressure anomalies (in Pa) for: a) LIG-×0.5 minus LIG-ctl, b) LIG-1300m minus LIG-ctl, and c) LIG-1300m-alb minus LIG-ctl simulations.

