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Results (cont.)

The Arctic, which has warmed at [ vorth America
twice the rate of the global T poroersoviettnien
average, is especially sensitive to ||~ Total of NA. EU. and Fsu
changes in aerosol abundances.

Sulfate is one of the most

important aerosols in the Arctic,
which has primarily been sourced
from anthropogenic emissions
during the Industrial Era (Smith f _
et al., 2011). However, it is e 19'23 1970 1950 1980 2000

unclear hOW other Sources Of Figure 1. Ice core concentrations of nssSO,% and emissions

atmospheric sulfate will Change inventories from source regions. (Cole-Dai et al., 2013)
as the Arctic experiences physical and ecological changes due to climate

change. Along with anthropogenic emissions of sulfur, sulfate aerosols in

the Arctic have three natural sources: sea salt, volcanic eruptions, and
biological activity. Concentration trends follow anthropogenic emissions
trends, but sulfate concentrations are much lower in the present day than o
one would expect based on anthropogenic emissions inventories.
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Figure 4. 53*S(S0,42-) of ice core non sea salt sulfate from 1200 to 2005, corrected for
sea salt. Previous measurements from Patris et al. (2002) 634S(nssS0O,%) are also
shown (yellow stars). Shaded regions show typical expected 534S values of biogenic,
anthropogenic, and volcanic sulfur.

The mean 5*4S(nssS0O,%°) of preindustrial (pre-1750)
ice core samples is 8.24 + 0.48 %o, declines to
53*S(NssS0O,%)1050 = 3.94 £ 0.45 %o, and increases to
53*S(NssS0O,%7), 005 = 6.84 £ 0.41 %0 (Figure 4).
These trends are consistent with trends in
anthropogenic emissions, which increase from 1850
through the early 1980s and then decline until the
present day.

Factor difference 0.11 £0.36 64 + 2 14 + 1

Source Typical 634S(nssS0O,%) value Table 2. Typical source

Table 1. Mean and standard deviation of ice core sulfate concentration and anthropogenic sulfur emissions from North Sega salt 21%: signature 5%*S(nssSO4*)

values of the four main

America and the sum of North America, the former Soviet Union, and Europe (Total). Emissions are from Smith et al. (2011).
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 How have biogenic, volcanic, and anthropogenic sulfate changed over
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Figure 5. Ice core SO, attributed to biogenic, volcanic, and anthropogenic, from 1200 to 2005
(above) and 1750-2005 (below) using the isotopic assumptions shown in Table 2.

* In the preindustrial, volcanic and biogenic
sources make equal contributions to sulfate
deposited in Greenland.

« After 1850, anthropogenic contribution rises and
dominates total sulfate deposition. Trends in the
estimated anthropogenic contribution are
qualitatively consistent with anthropogenic
emissions, including the decrease in the 1930s,
the peak in 1980, and the decline in emissions
after 1980.

* Why is the recent decline in total sulfate larger than expected based on
anthropogenic emissions trends?

Methods

* Volcanic sulfur may be underestimated in our current models of Arctic sulfur chemistry, which estimate that

volcanic sulfur contributes 17% of total natural atmospheric non-sea salt sulfur (see Figure 6).
In the present day, anthropogenic sulfur represents about half (47-60%) of the total sulfur deposited in Greenland.

We measure 63*S(nssSO,%) in ice core samples from Summit, Greenland Future work:

from 1200 2005 at one- to two-year time resolutlon  |dentify the isotopic signature of the volcanic source contribution, and o ure s Fraction of
=77 N - M e R variability in volcanic emissions in the Arctic since 1980 using satellite L P i
a k1l ] gl e BRI observations (Ge et al., 2016) 4 chout 17%of tota
% = - . RS - ] . ] ] o about 17% of tota
—_— B¢ Rs iR % Use GEOS-Chem to quantitatively investigate the sensitivity of the S0, + 50 at
E 5 — " i o\, . = ' Summit, Greenland.
- A e observed trends in Arctic sulfate to changes in anthropogenic emissions,

sea ice, and meteorology.
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