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Vary (in m h™) & (in g air /g rain) & (in g air /g snow)
Na' 4.1£2.2 6004180 2000800
NO5 2.6£1.9 510+90 2400+500
NH," 2.0+1.4 310+140 140+100
SO4 0.8+0.7 400+£200 220+130
Ca* 8.3+4.3 1420+1020 840+400

Supplementary Table 1 Model deposition parameters. Typical dry deposition velocities vgry
and scavenging ratios in rain en route & and snow &, respectively, and the corresponding
uncertainties (from ref.''°).



—-150 -100 -50 0 50 100 150

160 T T T T T T T
120 ’

latitude

o NEEM

latitude
2
I

600 400200 0O

Supplementary Figure 1 Terrestrial back-trajectory analysis. Endpoints of NEEM back-
trajectories (using the HySplit model'' and ERA-interim reanalysis data'?) and originating
from the terrestrial boundary layer for DJF (top) and JJA (bottom). For NH,', summer
trajectories are most relevant, when the seasonal NH;" maximum occurs. Boundary layer
height at the source is 100 m. Orange dots depict back-trajectories, which started at NEEM
under dry conditions, blue dots back-trajectories which started at NEEM when snowfall
occurred at NEEM. The grey area depicts arid regions.
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Supplementary Figure 2 Marine back-trajectory analysis. Endpoints of NEEM back-
trajectories (using the HySplit model'' and ERA-interim reanalysis data'?) originating from
the marine boundary layer for DJF (top) and JJA (bottom). For Na', winter trajectories are
most relevant, when the seasonal Na" maximum occurs. Boundary layer height at the source
is 100 m. Orange dots depict back-trajectories, which started at NEEM under dry conditions,
blue dots back-trajectories which started at NEEM when snowfall occurred at NEEM. The
grey area depicts the region where there is more than 90% sea ice.
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Supplementary Figure 3 Relative concentration changes. Millennial changes (1000 yr
running means) of concentrations relative to the early Holocene reference period for a) NHy",
b) Na', and c) Ca®". Light solid lines show the relative change in concentration in the ice,
dashed lines relative changes in the atmospheric concentration over the ice sheet (correcting
for local deposition effects), and dark solid lines the relative changes in the atmospheric
concentration at the source (correcting for deposition effects en route) for our best-guess
estimate with its uncertainty band (1 sigma) in grey. d) changes in calculated atmospheric
residence times for all species relative to the early Holocene value. The red boxes in the early
Holocene and early Eemian indicate the periods used for comparison of the relative source
changes in Fig. 3.
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Supplementary Figure 4 Extended suite of reconstructed source concentrations. Variations
of the source concentration records in 10 yr resolution (light coloured lines) for a) NH,", b)
NOs, ¢) Na” and d) Ca®". In the case of SO4* (e) the light thin line represents a 5 point
running mean of the 10 yr data, representative of the maximum 40 yr resolution that can be
achieved with the SO,” data over the entire length of the record. The dark bold lines represent
21 point running means of the 10 yr data. The grey area represents the uncertainty band (1
sigma) as calculated from Gaussian error propagation of the deposition parameters. Note that
the results for NO;™ and SO4* may be biased, as our transport model approach does not
account for formation of NO; and SO4> from gaseous precursors during transport. For the
Eemian section only the uncertainty in the past precipitation rate is included in the uncertainty
band, assuming that the other deposition parameters were the same for the Eemian and the
Holocene. In panel (f) the calculated atmospheric residence time for each of the aerosol
species is plotted.
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Supplementary Figure 5 Sensitivity runs for source reconstructions. a) influence of transport
time on the reconstructed NH,;" source concentration. The thin grey lines represent
reconstructions for largely differing transport times held constant over time; the red thick line
is our best-guess estimate, where transport time is variable and increased by about a factor 2
for glacial times relative to the early Holocene. Note that the sensitivity of the result on the
choice of transport time is small for NH;" due to its relatively long atmospheric residence
time/inefficient wet deposition. b) same for Na'. Due to the high scavenging efficiency for sea
salt aerosol, the result is very sensitive on the chosen transport time and its temporal
evolution. The true atmospheric concentrations at the source are likely to lie in the band
defined by t=~5 days and t=12 days. c) sensitivity runs for Ca*", where in our best-guess run
(grey thick line) transport time is held constant at 11.5 days, h=4000 m and precipitation
above cloud level is reduced to 10+10% of the precipitation below cloud level. The thin grey
lines represent reconstructions for different transport times held constant over time. The thin
red line indicates a run where transport time during the glacial is only about 50% of the
Holocene value, the pink line uses the buest-guess parameters except for h=8000 m, the
orange line except for precipitation above cloud level being reduced to one third of
precipitation below cloud level. Circles on the left indicate the median of the early Holocene
values for the respective runs. In d) transport times for the runs with variable ¢ are plotted for
NH4", Na" and Ca*".
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Supplementary Figure 6 Example for the NEEM drill fluid effect on Ca®" concentrations.
Typical interval of the NEEM Ca”" record in mm resolution covering stadial and interstadial
periods before (orange line) and after (blue line) data correction for the adsorption/desorption
effect caused by drill fluid in the CFA system. Each run starts with a negative excursion and
then slowly recovers to the true concentration in the ice. Also plotted is the Ca®" concentration
of the NGRIP ice core in 20 yr resolution” also measured with the Bern CFA system but
using another drill fluid, which does not interfere with the CFA analysis. The very good
correspondence of the corrected NEEM data and the NGRIP data (taking the different
location on the ice sheet and the different accumulation rate into account), shows that decadal
Ca”" variations in the corrected NEEM record are closely reflecting true concentrations in the
ice.
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Supplementary Figure 7 Transport model approach. Illustration of the back-calculation of
source concentrations from concentrations in the ice and the effect of this deposition
correction on glacial concentrations relative to the early Holocene. Atmospheric
concentrations over the ice are calculated from concentrations in the ice using equation (1).
According to equation (2) the different degree of wet deposition en route for warm and cold
conditions leads to different slopes of logarithmic concentrations in the atmosphere along the
transport path and, thus, different concentrations at the source. Therefore, the
glacial/interglacial ratio of source concentrations changes backwards with transport time ¢ and
is strongly dependent on the atmospheric residence time 7.
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Supplementary Figure 8 Comparison of late termination (blue background) and interglacial
(orange background) key climate parameters to define the Eemian and Holocene reference
periods. a-e) NEEM aerosol chemistry records, f) NEEM stable water isotope records, g)
EDML methane record after synchronisation, h) June insolation at the NEEM site. The early
Holocene period (lower x-axis, coloured lines) is overlain by the Eemian period (upper x-axis,
black lines) to illustrate the direct comparison of the two interglacial periods. The alignment
is done by an optimal fit of the fast methane increase at the transitions into the interglacials
and the peak in solar insolation. The most suitable period to compare the two interglacials is
indicated by the red box. Unfortunately, the mid-Holocene section is missing due to the brittle
ice zone where no CFA could be performed. Therefore, we decided to use the early Holocene
(7.6-9.8 kyr BP) and the early Eemian (124.3-126.5 kyr BP) for our direct comparison of the
two interglacials.
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