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The list of experiments is provided in Table 2 of the main text. Their description is given in Sect. 3 of the main text and is 

briefly repeated here. A set of four experiments was conducted with MIROC4mV, an atmosphere-ocean general circulation 

model with a dynamic vegetation component, and they are referred to as PIvS, PIvL, LIGvS, and LIGvL. Here, PI and LIG 

denote preindustrial and Last Interglacial, respectively. “S” and “L” denote two different sets of cloud parameters, in which 

“S” and “L” are named after more solid and liquid water at the same temperature, respectively. Another set of four 5 

experiments was conducted with MIROC4m, an atmosphere-ocean general circulation model with prescribed, fixed 

vegetation distributions, and they are referred to as PIfS, PIfL, LIGfS, and LIGfL. 

1. The average autoconversion rate of cloud particles 

The parameterization of rain rate is described in Sect. 2.2 of the main text. Another autoconversion process, the snowfall rate 

is parameterized as 10 
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where 𝑙 is the cloud condensate content, 𝑙" the critical cloud condensate content that leads to rapid snow formation, 𝐶 the 

cloud amount, and 𝐶& is a constant. We examined the mean lifetime of cloud particles for the autoconversion processes by 

computing the rate of fractional changes +
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 in Eq. (2) of the main text and +
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 in Eq. (S1) internally in the model for the 

Arctic lower troposphere and the result is shown in Fig. S1. 15 

  



 

 
Figure S1: Histograms of the monthly mean autoconversion rate (−𝟏/𝑳 ∙ 𝒅𝑳/𝒅𝒕) of cloud particles with 𝑳 being the cloud liquid or 

solid water content for PIvS using MIROC4mV. The data represent grid points below the 680 hPa level in the Arctic. The unit of 

the horizontal axis is 1/hour. The vertical axis is the fraction of the total number of grid points. The results for PIvL, LIGvS, and 20 
LIGvL are qualitatively similar. 

2. Seasonal difference in surface air temperature in the preindustrial simulations 

 
Figure S2: Difference in surface air temperature between PIvL and PIvS (°C): (a) December-January-February; (b) March-April-

May; (c) June-July-August; and (d) September-October-November. Grid cells for which the difference is not statistically 25 
significant at the 5% level are hatched. 

  



 

3. Alternative definition of calendar 

 

Table S1: Mid-month dates defined by day of the year in the alternative calendar in which the ecliptic longitude with respect to the 30 
fixed vernal equinox (21st of March) is closest between PI and LIG, following Kutzbach and Gallimore (1988). Each month is 

defined as 31 days, including 15 days before and after the newly defined mid-month dates (allowing day overlap). 

Month PI LIG (127 ka) 

January 15 11 

February 44 42 

March 74 74 

April 104 104 

May 135 133 

June 165 160 

July 196 188 

August 227 216 

September 257 244 

October 288 275 

November 318 307 

December 349 341 
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Figure S3: Same as in Fig. 9 of the main text, but with a different definition of the monthly calendar (Table S1). 

 



 

 
Figure S4: Same as in Fig. 12 of the main text, but with a different definition of the monthly calendar (Table S1). 
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4. AOGCM results without a dynamic vegetation component (MIROC4m) 

 

 
Figure S5: September sea-ice thickness (cm) in the Arctic with MIROC4m: (a) PIfS; (b) PIfL; (c) LIGfS; and (d) LIGfL. Note that 

grid cells where the ice concentration is less than 0.15 are not coloured. This figure corresponds to Fig. 7 of the main text, which 45 
presents the MIROC4mV results. 

  



 

 
Figure S6: Comparison of simulations with proxies for the ΔLIG (LIG–PI) summer SAT difference (June-July-August): (a) 

DLIGfS; and (b) DLIGfL. The circles represent proxy data from Guarino and Sime (2022). This figure corresponds to Fig. 8 of the 50 
main text, which presents the MIROC4mV results. 

  



 

 
Figure S7: Comparison of simulations with proxies for the ΔLIG (LIG–PI) annual mean SAT difference: (a) DLIGvS; (b) 

DLIGvL; (c) DLIGfS; and (d) DLIGfL. Only grid cells for which the difference is significant at the 5% level are coloured, using 55 
Student’s t-test on 100 samples from the last 100 years of each experiment. The circles represent proxy data from Turney and 

Jones (2010), and the squares represent proxy data from Capron et al. (2017). 

  



 

 
Figure S8: September sea-ice concentration in the Arctic: (a) PIfS; (b) PIfL; (c) LIGfS; and (d) LIGfL. In (a) and (b), black lines 60 
denote the simulated boundaries for the ice concentration of 0.15, while red lines denote the observed ones (HadISST2 by Titchner 

and Rayner, 2014). In (c) and (d), black solid lines denote the simulated boundaries for the ice concentration of 0.15, while black 

dashed lines denote those in the corresponding preindustrial simulations. The year-round ice cover (solid circles) and summer ice-

free conditions (empty circles) suggested by proxy data from Kageyama et al. (2021), and summer ice-free conditions (red cross 

marks) from Vermassen et al. (2023) are also plotted. Note that only proxies claimed as good chronological control are shown for 65 
Kageyama et al. (2021), and whether the data from Vermassen et al. (2023) actually represent LIG has been questioned, as stated 

in the Introduction. This figure corresponds to Fig. 6 of the main text, which presents the MIROC4mV results. 
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