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Introduction  

This supplementary information includes text and three figures. The text provides details of the 

ERA-interim analysis and the uncertainty analysis for the temperature-accumulation sensitivity. 

Text S1: Spatial Correlation of Temperature and Accumulation at WDC 

We evaluate how representative the WDC climate is of larger areas using the ERA-interim 

reanalysis annual averages from 1979 to 2015 (Dee et al., 2011). The data has a resolution of 

0.75˚ for both latitude and longitude. ERA-interim has demonstrated skill in predicting both 

temperature (Bromwich et al., 2013) and accumulation (Medley et al., 2013) in West Antarctica.  

 

We calculate the correlation between the temperature and accumulation timeseries for the grid 

cell closest to WDC (79.5˚S, 112˚W) and all other grid cells (Figure S2). We define the grounded 

West Antarctica Ice Sheet as the areas with elevations greater than 100 m (areas inside of red 

grounding line in Figure S2; Bamber et al., 2009), between 73˚S and 85˚S and between 40˚W and 

180˚W (black outline in Figure S2). The temperature correlation is broader than the accumulation 
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correlation. For both, there are some areas of anticorrelation towards the Filchner Ronne ice shelf 

(eastern West Antarctica); the anticorrelation is more pronounced for the accumulation. The 

correlation between the temperature at WDC and the West Antarctica average is 0.88. The 

correlation for the accumulation at WDC and the total accumulation for West Antarctica is 0.79.  

 

Figure S2 also shows the correlation of each grid cell with the total accumulation or average 

temperature of West Antarctica. WDC is located near the maximum correlation for each. The 

core was thus drilled in an excellent position to assess the relationship of temperature and 

accumulation in West Antarctica.  

 

The high correlation between WDC and the West Antarctic total accumulation is somewhat 

surprising given that 92% of the grid cells in West Antarctica have correlations lower than 0.79. 

The greater correlation with the total accumulation is primarily attributable to two factors. First, 

the WDC is well correlated with the higher accumulation area on the Amundsen coast. Second, 

there is anticorrelation between the Ross and Filchner-Ronne zones of West Antarctica, such that 

a decrease in accumulation in one leads to an increase in the other, reducing the variability of the 

whole region.  

 

If all grid cells in the region between 73˚S and 85˚S and between 40˚W and 180˚W are included, 

the correlation between WDC and the region is 0.80 for temperature and 0.81 for accumulation, 

similar to the grounded portion of the ice sheet. WDC has no significant correlation with either 

East Antarctica as a whole, or the portions of East Antarctica below or above 2000m. WDC does 

have positive and significant correlations with Antarctica as a whole (0.50 for temperature and 

0.45 for accumulation), but only because West Antarctica contributes significantly to the 

continental average. 

 

 

Text S2: Uncertainties of the Temperature Accumulation Sensitivity 

To find the sensitivity of accumulation to a change in temperature (hereafter sensitivity) of the 

full 31ka record, we follow the methodology of Frieler et al. (2015). We find a sensitivity of 

5.7±1.2% ˚C-1, where the uncertainty is a 95% confidence estimate. The uncertainty is composed 

of an uncertainty from the temperature reconstruction, 0.7% ˚C-1, and from the accumulation 

reconstruction, 1.0% ˚C-1. 

 

The uncertainty in the sensitivity due to the accumulation reconstruction for the 0-8ka and 8-15ka 

periods is calculated from the uncertainty in the cumulative thinning of layers of ice. We do not 

consider uncertainty in the timescale because of the precise annual layer counting (Sigl et al., 

2015). The thinning varies smoothly in the upper part of the ice sheet and we assume that the 

uncertainty in the inferred accumulation increases linearly. The cumulative amount of thinning 

may be over or under estimated for the period, but there will not be large variations within a 

period.  For the 0-8ka period, the uncertainty is 2% ˚C-1. For the 8-15ka period, the uncertainty is 

1.5% ˚C-1. 

 

Calculating the uncertainty due to temperature is more challenging. Because the temperature of 

the ice diffuses through time, the borehole temperature profile does not record shorter-period 

variations in surface temperature. While the magnitudes of the glacial-interglacial transition 

(Cuffey et al., in prep) and the past millennium (Orsi et al., 2012) are well constrained, millennial 

scale variations for ages older than the past millennium are not. To assess the temperature 

uncertainty, we perturbed the optimal temperature reconstruction using a randomly generated red 

noise sequence with an autocorrelation of 0.995 and the temperature uncertainties discussed in 

Buizert et al. (2015). With the model time step of 20 years, an autocorrelation of 0.995 yields 
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~1000-year scale variations in the temperature history; white noise does not substantially impact 

the sensitivities and longer timescale variations do not allow sufficient variation within the 7000 

or 8000 year periods. The perturbed temperature histories were then used in a one-dimensional 

thermomechanical ice-flow model to determine if they satisfied the constraints from the borehole 

temperature profile. Perturbed temperature histories that had an RMS misfit of less than 0.025 K 

compared to the modeled borehole temperature profile with the optimal temperature history were 

accepted. This threshold, which we consider a 95% confidence interval, was set as twice the 

misfit of the optimal temperature history with the borehole temperature profile (Cuffey et al., in 

prep).  

 

We randomly perturbed the surface temperature history 6000 times, yielding 111 temperature 

histories that were acceptable. We then calculated the sensitivity for these 111 temperature 

histories. For the period 8-15 ka, the distribution of sensitivities was near normal with the same 

mean as the optimal scenario (-2.2% ˚C-1) and a two standard deviation uncertainty of 1.4% ˚C-1. 

For the period 0-8ka, the distribution was not normal with a long tail of lower sensitivities (Figure 

S3). The mean was 14.4% ˚C-1and the range 2.1% ˚C-1 to 22.2% ˚C-1. Because of the wide range 

of sensitivities for acceptable temperature histories for the 0-8ka period, we also investigated the 

degree of correlation of the perturbed temperature histories and the accumulation history. Figure 

S3b shows the correlation coefficient for the 0-8ka period for each temperature history plotted 

against the sensitivity. The lower sensitivities have weaker correlations which we would expect if 

the temperature perturbations added noise rather than real structure to the temperature histories. 

We find it more likely that the correlation of the optimal temperature and accumulation histories 

during this period is real since they were derived independently. Hence, we favor the 17% ˚C-1 

sensitivity and use it in our analysis and discussion.  
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Figure S1: Modeled accumulation and temperature from the TrACE simulation for the 
9 grid cells closest to WAIS Divide. The sharp increase at 11.3 ka is due to a prescribed 
lowering of the ice sheet surface in the model inputs.
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Figure S2: Correlations of temperature and accumulation using annual-average ERA-interim 
data from 1979 to 2015. A) Correlation of accumulation with closest grid cell to WDC.  B) 
Correlation of temperature with closest grid cell to WDC. C) Correlation with West Antarctic 
total accumulation. D) Correlation with West Antarctic average temperature. Black outline is 
the Antarctic coast. Red outline is the Antarctic grounding line. Dashed area encompasses 
73S to 85S and 40W to 180W. West Antarctic total accumulation and average temperature 
are calculated for grounded ice sheet within the latitude and longitude bounds and inside 
the grounding line. The plus marks the location of WDC.
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Figure S3 A) Histogram of temperature-accumulation sensitivities for the 0-8ka period for 
the 111 acceptable surface temperature histories. Red vertical line is value of optimal tem-
perature history. B) Correlation between temperature and accumulation records for the 
0-8ka period plotted by the sensitivity.  Red square is value of optimal temperature history.
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