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Computation of weighted statistics 7 

For the dataset (x, y) of length n and weight coefficients w, we use: 8 
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Regression estimate:  ώ  ὥὼ ὦ where a and b were obtained using Weighted Orthogonal 12 

Distance Regression (Boggs et al., 1992). 13 

Weighted standard error of the slope: „ ὥ  
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Studentôs t-distribution threshold: ὸȟ with Ŭ the confidence threshold, and n degrees of freedom 15 

Confidence intervals: ὥ ὸȟ „ ὥ ὥ ὸȟ „    16 
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Details on snow records dating 17 

In this section, we detail the construction of our age model. The first step was to identify yearly horizons, 18 

shown in Supplementary Figure 1. Snow pits and the short core were dated annually using seasonally 19 

varying signal of non-sea-salt sulfate or sulfur (peaking in spring) and sodium (peaking in late winter; 20 

Sigl et al., 2016). Yearly horizons were counted up from the sulfur fallout of Pinatubo eruption, which 21 

peaked in 1993 in Antarctica (Cole-Dai and Mosley-Thompson, 1999). 22 

 23 

Supplementary Figure 1. Series of ŭ18O, non-sea-salt sulfur or sulfate and sodium for (a) the top 7 m 24 

of the DRI Short Core (including Pinatubo eruption deposit), (b) the LSCE snow pit and (c) the AAD 25 

snow pit. Year horizons are shown with vertical black bars. For the LSCE snow pit profile, the sulfate 26 

concentration has been measured by ion chromatography at the Institut des Geosciences de 27 

l'Environnement (Ginot et al., 2014). Sulfur is shown for the DRI short core instead of sulfates because 28 

of the measurement was done with ICP-MS (McConnell et al., 2002). 29 
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We then use the ŭ18O series to refine the chronology at the seasonal scale, i.e. we do not modify the 30 

chronology at the yearly scale but better adjust the seasonal thickness within the different years. The 31 

identified year horizons cannot be moved by more than a year in the following process. 32 

With the assumption that the snow pit ŭ18O can be modelled using the ŭ18O of precipitation, daily 33 

precipitation rates and water vapor diffusion within the snow, we refined our dating by a method of peak 34 

and mid-slope matching between the measured ŭ18O and modelled temperature from MAR or modelled 35 

ŭ18O from ECHAM5-wiso. In this exercise, temperatures from MAR were converted into ŭ18O using a 36 

linear transformation of ‏ / ὥ  4 Â, even if we are aware that site differences are expected. 37 

Actually, the exact ŭ18O values do not matter, as only the relative amplitude of the peaks will influence 38 

the diffusion and matching process. We detail hereafter the matching of LSCE snow pit ŭ18O to 39 

ECHAM5-wiso ŭ18O. 40 

Because isotopic diffusion smoothens and broadens annual peaks, we simulated a diffusion in the 41 

modelled series by converting them to depth using the snowfall rates and then applying a simple vertical 42 

diffusion model  43 
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that we simplified to 45 
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with Df given by Johnsen et al. (2000):  47 
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where m is water molar weight in kg·mol-1, p is the saturation vapor pressure over ice in Pa, Da is the 49 

normal diffusivity in air of water vapor in m²·s-1, R the ideal gas constant, T the temperature in K, Ŭ the 50 

fractionation factor in water vapor for 18O, Ű the tortuosity, ɟ the density of the snow and ɟice the density 51 

of the ice. 52 

The depths were converted back into dates using the model dates. Results of the diffusion are shown for 53 

ŭ18O from ECHAM5-wiso in Supplementary Figure 2. 54 

 55 

 56 

Supplementary Figure 2. Original ŭ18O in the precipitation from ECHAM5-wiso (thin black line) and 57 

diffused ŭ18O (thick blue line). Note that the recent layers are less affected by diffusion than older layers. 58 

Next, we seek to match the extrema and mid-slope points of the measured ŭ18O to the diffused ŭ18O from 59 

models, as shown in Supplementary Figure 3. 60 
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 61 

Supplementary Figure 3. Diffused precipitation ŭ18O from ECHAM5-wiso, with model dates (blue) 62 

and measured ŭ18O from the LSCE snow pit, with year-horizon interpolation as the age-model (red). 63 

To better match within a year, we apply a 1-year high-pass filter, by removing the 1-year running mean 64 

signal to each ŭ18O series. We then detect maximum, minimum, and 0-value crossings for each year, 65 

and tie the LSCE ŭ18O to the ECHAM ŭ18O. The tie points on the high-passed filtered series are shown 66 

in Supplementary Figure 4. LSCE age values are interpolated between the tie points. 67 
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 68 

Supplementary Figure 4. One-year high-passed diffused precipitation ŭ18O from ECHAM5-wiso, with 69 

model dates (blue) and one-year high-passed measured ŭ18O from the LSCE snow pit, with year-horizon 70 

interpolation as the age-model (red). Peak and 0-value crossings matching is represented by black 71 

arrows, pointing where the LSCE snow pit dates were shifted to match the ECHAM5-wiso ŭ18O. 72 

LSCE Snow Pit ŭ18O original values are shown on their old age scale and new age scale in 73 

Supplementary Figure 5. 74 
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 75 

Supplementary Figure 5. Diffused precipitation ŭ18O from ECHAM5-wiso, with model dates (blue) 76 

and measured ŭ18O from the LSCE snow pit, on the year-horizon interpolation age-model (thin black 77 

line), and on the newly created age model from the matching (red). 78 

We repeat the same process with MAR temperatures converted to ŭ18O, resulting in a slightly different 79 

age model. The two matched age models are shown in Supplementary Figure 6, alongside the former 80 

age model resulting from year-horizon interpolation. 81 
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 82 

Supplementary Figure 6. Three age models for the LSCE snow pit: interpolated between year horizons 83 

(salmon), matched to ECHAM5-wiso (red), and matched to MAR (black). 84 

The differences between the age models are shown in Supplementary Figures 7 and 8. 85 
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