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MMEM future experiments, that is not the case in the present-day climate (either in the observation 
data or the MMEM present experiments). Decadal variability accounts for the calculated linear trend in 
the present-day climate to a certain degree, mainly because of the short time period of the data. In this 
work, therefore, we used observation data alone for estimating future interannual variability, and 
MMEM future results alone for estimating the future linear trend. Correction of the bias in the linear 
trend between the MMEM present and the observation data might be desirable if the effect of decadal 
variability could be removed from the calculated linear trend.  

If we take the median sea ice concentration of the present-day CGCM experiments, a distribution 
very similar to the observation data is obtained. Thus, it would be possible to estimate the long-term 
mean of the locations of future decreases by calculating ficemf – ficemp. However, interannual variability 
in the location of the decrease is not represented in such a calculation because interannual variability in 
MMEM is very small as a result of cancellations.  

The estimated SST, sea ice concentration, and sea ice thickness have been used as boundary 
conditions in simulations of an AGCM with a horizontal grid size of 20 km performed by the Earth 
Simulator. Although the method described in this work would have difficulty estimating values for the 
very near future, when the phases of the interannual variation would be continuous with the 
present-day observation data, it is nevertheless one of the most objective methods available by which 
to estimate sea surface conditions 10 to 100 years from now by using the MMEM results.  

Supplementary Information 

Monthly SST, sea ice concentration, and sea ice thickness, their changes averaged over the 25 years, 
and monthly SSTmf_T and SSTobs_V, are shown in Supplemental Figs. S1–S16.  
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Fig. S1: Observational distributions of annual mean SSTs and monthly SSTs averaged from 1979 to 
2003.
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Fig. S2: Estimated near-future distributions of annual mean SSTs and monthly SSTs, averaged from 
2015 to 2039.   
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Fig. S3: Differences in the annual mean SSTs and monthly SSTs between the observation data 
(1979–2003) and the estimated near-future values (2015–2039).  
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Fig. S4: Estimated future distributions of annual mean SSTs and monthly SSTs averaged from 2075 to 
2099.
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Fig. S5: Differences in the annual mean SSTs and monthly SSTs between the observation data 
(1979–2003) and the estimated future values (2075–2099).  
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Fig. S6: Linear trends in the multi-model ensemble mean SSTs during 2015 to 2039. Units are 
K/decade.
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Fig. S7: Linear trends in the multi-model ensemble mean SSTs during 2075 to 2099. Units are 
K/decade.
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Fig. S8: Standard deviations of the interannual variations in the observed SSTs after removing the 
linear trend during 1979–2003.  
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Fig. S9: Observational distributions of monthly sea ice concentrations averaged from 1979 to 2003. 
The values in the figure denote the sea ice extent for f = 95%, 55%, and 15%.  
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Fig. S10: Estimated near-future distributions of monthly sea ice concentrations averaged from 2015 to 
2039. The values in the figure denote the sea ice extent for f = 95%, 55%, and 15%.   
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Fig. S11: Differences in monthly sea ice concentrations between the observation data (1979–2003) and 
the estimated near-future values (2015–2039).  
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Fig. S12: Estimated future distributions of monthly sea ice concentrations averaged from 2075 to 2099. 
The values in the figure denote the sea ice extent for f = 95%, 55%, and 15%.   
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Fig. S13: Differences in monthly sea ice concentrations between the observation data (1979–2003) and 
the estimated future values (2075–2099). 
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Fig. S14: Observational distributions of monthly sea ice thickness.  
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Fig. S15: Estimated near-future (2015–2039) distributions of monthly sea ice thickness. The values of 
 calculated by Eq. (10) are shown.   
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Fig. S16: Estimated future (2075–2099) distributions of monthly sea ice thickness. The values of 
calculated by Eq. (10) are shown. 
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