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Supplementary Information

Contents of this document:

A  Formulas used for the computation of weighted
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Addi tional r stpplememacyénformatiot ed i n t he

Computation of weighted statistics

For the datasek(y) of lengthn and weight coefficienta, we use

Weighted meand i)

Weighted covariance ¢ Vet

¢
0«

Weighted correlation:  chufv

hh hh

Regression estimated ¢ @ wherea and b were obtained using Weighted Orthogonal

Distance RegressidiBoggs et al., 1992)

Weighted standard error of the slope: ® =

St u d edistritiuton thresholdd ;; with Uthe confidence threshold, andiegrees of freedom

Confidence interals:® 6, , ® @ 0 ,

Detailed methods for the dating of snow pit

an
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Details on snow recordsiating

In thissection we detail the construction of our age model. The first step was to identify yearly horizons,
shown in Supplementary Figure 1. Snow pits and the short cenee dated annually using seasonally
varying signal of norseasaltsulfateor sulfur(peaking in spring) and sodium (peaking in late winter
Sigl et al., 2016)Yearly horizons were counted up from thefur fallout of Pinatubo eruption, which

peaked in 1993 in Antarcti¢€ole-Dai andMosley-Thompson, 1999)
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Supplementary Figure 1.S e r i €%, nanbeasalt sulfur orsulfateand sodium fofa) the top 7 m

of the DRI Short Core (including Pinatubo eruption depoéi))the LSCE snow pit anft) the AAD

show pit. Year horizons are shown with vertical black baos.theLSCE snowpit profile, the sulfate
concentration has beemeasured by ion chromatography at the Institut des Geosciences de
I'EnvironnementGinot et al., 2014)Sulfur is shown for the DRI short core instead of sulfates because

of themeasurement was done with KBS (McConnell et al., 2002)
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We then use th&'®0 series to refine the chronology at the seasonal scale, i.e. we do not modify the

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

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

With't h e

assumpt i on O baa be modeked ssinte W0 i precipitation, daily

precipitation rates and water vapor diffusion within the snegvrefined oudating by a method of peak

andmids | ope mat chi
"0 from ECHAM5wi s o . |

linear transformation gf /

ng

n

b ¥Q ancneodellet teraperaterafiom MARDr nindelled

this

exercise,

t e mp ¥0 usihguar e s

& 4 A even if we are aware that site differences are expected.

Actually, th e e ¥@walues do not matter, as only the relative amplitude of the peaks will influence

the diffusion and matching procedale detail hereafter the matching of LSGRow p i t%0 tai

ECHAM5-wi s%%D. U

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

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

diffusion model

R 0 h o ¢ R O
o WY TR
that we simplified to
R O ., Ay O
- (@)
-FO q
with D¢ given byJohnsen et a(2000)
, a no
©« YY) ta

f

r
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wherem is water molar weight in kgnol?, p is the saturation vapor pressure overiic®a D, is the
normal diffusivity in air of water vapor in n#!, Rtheidealgas onstantT the temperature in KJthe
fractionation factor in water vapor f&0, Uthe tortuosity; the density of the snow ang. the density

of the ice.

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

U0 from ECHAMS5-wiso in Supplementary Figure 2.
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Supplementary Figure 2.Original U*%0 in the precipitation from ECHAMiso (thin black line) and

dif f u 3%@ (thickiblue line). Note that the recent layers are less affected by diffusion than older layers.

Next, we seek to match the extrema and-shighe points of theneasuredi*®O to thediffusedii®O from

models asshown in Supplementary Figure 3.
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Supplementary Figure 3.0i f f us ed p*fOdrom BCHAMBWwisopwith miodel dates (blue)

and me d% fromehe LSICE snow pit, with ye&orizon interpolation as the ageodel (red).

To better match within a year, we apply-gelar highpass fiter, by removing the-Year running mean
si gnal 2D geries.aNe lthenidetect maximum, minimum, aswhlOe crossings for each year,
and tie 'fOhe oL $ @E A Thelte doints on the higiassed filtered series are shown

in Supplementar¥igure 4. LSCE age values are interpolated between the tie points.
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Supplementary Figure 4Oneyearhighp as sed di f f u $%@ fdom ECHAMSwWE0, Witht | o n
model dates (blue) and oyear highp a s s e d M &@nuhe ESCE $now pit, withearhorizon
interpolation as the agmodel (red). Peak andValue crossings matching is represented by black

arrows, pointing where the LSCE snow pit dates were shifted to match the EGWAMS®D. U

LSCE Sn oX0 ofgindl valies are shown on theitd age scale and new age scale in

Supplementary Figure 5.

u
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Supplementary Figure 5.Di f f us ed p*fOdrom BCHAMBWwisopwith niodel dates (blue)
and me &% @ramettee LSCE snow pit, on the ydaorizon interpolation agemodel (thin black

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

We repeat the same process WO,rebultindMR slightydiffesentat ur e s
age model. The two matched age models are shown in Supplementary Figure 6, alongsideethe f

age model resulting from yeaorizon interpolation.
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Supplementary Figure 6.Three age models for the LSCE snow pit: interpolated between year horizons

(salmon), matched to ECHAMWiso (red), and matched to MAR (black).

The differences between tage models are shown in Supplementary Figures 7 and 8.



