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SUMMARY

Long-term observations at Arctic sites Principal component analysis indicates
(Alertand Zeppelin) showlargeinterannual that IAV in the model can be explained by a
variability (IAV) in atmospheric mercury climate mode with high temperatures, low
(Hg), implying a strong sensitivity to seaicefraction,low cloudiness,and shallow
environmental factors and potentially boundarylayer. This modedrives decreased
to climate change. We use the GEOS- bromine-driven deposition in spring and
Chem global biogeochemical Hg model to increased ocean evasion in summer. In the
interpret these observations and identify Arctic surface ocean, we find that modeled
the principal drivers of spring and summer AV is dominated by the meltwater flux of
[AV in the Arctic from 1979-2008. Hg previously deposited to sea ice, which

is largest in years with high solar radiation
We find the model has moderate skill in (low cloudiness) and a large transition in
simulating the observed atmospheric IAV air temperature from a cold spring to a
at the two sites (r ~ 0.4) and successfully warm summer. Projected future increased
reproduces a long-term shift at Alert in the cloudiness and stronger warming in spring
timing of the spring minimum from May to than summer may thus lead to decreased
April (r =0.7). Hg inputs to the Arctic Ocean.

30-year Arctic Hg simulation

The GEOS-Chem global biogeochemical Hg model (v9-01-02) was run from 1979-2008,
driven by meteorology from the MERRA retrospective assimilated dataset at 4x5° horizontal
resolution. Anthropogenic emissions are based on the Streets et al. (2011) inventory. The
Arctic simulation is based on Fisher et al. (2012) with minor updates to bromine release, net
primary productivity, UV-driven oceanic photoreduction, and freshwater discharges.

The figure shows mean simulated Hg’ in

Arctic surface air averaged over the period of
observational record (1995-2008).

Also shown are observed long-term means from

Alert: 1995-2008 (Cole et al., 2013)
Zeppelin: 2000-2008 (Berg et al., 2013)
Pallas: 1996-2008 (Aas & Brevik, 2012)

The black line delineates the boundary of the
“Arctic Ocean air mass”, defined as all model grid
squares in 68-90°N with at least 20% ocean area.
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e The observed Hg’ seasonal cycle is
characterised by a spring minimum  1g[
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e GEOS-Chem sampled at Alert 5;1'8-_ ]

underestimates the summer peak, likely £1.6[
due to an overestimate in MERRA sea ice &
cover in the region.
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e Model low bias at Zeppelin in fall appears 1'2:_ '.
to be caused by an overly strong simulated  1.0f

vertical gradient.

0.8 ]

J F M AMUJ J ASOND
Month
* MeanIFebruary- Ju,;e Hg? | | e GEOS-ChemreproducestheshiftatAlert
%‘ in the timing of the spring minimum from
5 | May to April observed by Cole & Steffen
~"°r ? 7 (2010). This can be attributed to local
; warming in May and cooling in April.
ok - ¢ The model indicates that this shift is
Observed Model | not representative of the Arctic as a
e : : whole for either the 1995-2007 period,
o , , , , , or for the entire 30-year simulation.
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Trends and interannual variability
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Factors driving interannual variability

We performed a principal component analysis and regression to identify the environmental
factorsdriving IAV ofatmospheric Hg’. Environmental variables considered were: temperature
(T,, T, ), seaice fraction (f, N ), planetary boundary layer height (h , h), solar radiation (F),
wind speed(v), ozone column({), freshwater discharge(Q), and Arctic Oscillation Index (AO).
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o ~|Dominant climate mode e The first principal component (climate

] mode)wasthesameinspringand summer.

o - Positive phases indicate “warm” years.

- e This mode accounts for 80% of the IAV

. ° o in simulated Hg® in spring and 40% in

S — summer. It is also moderately correlated
< - with [AV in the observations (r ~ 0.4).

3 e Positive (“warm”) phases increase

" atmospheric Hg’ in both spring and

$ d 7,7, t N B b Fs v QA0 summer, although the mechanisms differ.
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e Simulated IAV in surface ocean Hg is
SUMMER
dominated by IAV in the meltwater flux.

e Themeltwaterfluxislargestinyearswith high >
high solar radiation (low cloudiness) and jvt:rzfsce >

when a cold spring (frequent AMDESs) is
followed by a warm summer (rapid melt
limiting re-emission from snow).
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e These variables combined with May meltwater

river discharge and surface wind speed
can explain 53% of the [AV in simulated
surface ocean Hg in summer.

high river

discharge

Current and projected future changes associated with climate warming

(high air temperatures, low sea ice area, stronger warming in spring than
summer, and high cloudiness) may decrease Hg levels in the Arctic Ocean.

References:

Aas, W, and K. Breivik (2012), Heavy metals and POP measurements, 2010, Rep. EMEP/CCC-Report 3/2012, Norwegian Institute for Air
Research, Kjeller, Norway.

Berg, T, K. A. Pfaffhuber, A. S. Cole, O. Engelsen, and A. Steffen (2013), Ten years trends in atmospheric mercury concentrations, meteorological
effects and climate variables at Zeppelin, Ny-Alesund, Atmos. Chem. Phys. Discuss., 13, 2273-2312.

Cole, A. S., and A. Steffen (2010), Trends in long-term gaseous mercury observations in the Arctic and effects of temperature and other
atmospheric conditions, Atmos. Chem. Phys., 10, 4661-4672.

Cole, A. S., A. Steffen, K. A. Pfaffhuber, T. Berg, M. Pilote, L. Poissant, R. Tordon, and H. Hung (2013), Ten-year trends of atmospheric mercury in
the high Arctic compared to Canadian sub-Arctic and mid-latitude sites, Atmos. Chem. Phys., 13, 1535-1545.

Fisher, ]. A,, D.].Jacob, A. L. Soerensen, H. A. Amos, A. Steffen, and E. M. Sunderland (2012), Riverine source of Arctic Ocean mercury inferred
from atmospheric observations, Nat. Geosci., 5, 499-504.

Streets, D. G., M. K. Devane, Z. F. Ly, T. C. Bond, E. M. Sunderland, and D. J. Jacob (2011), All-Time Releases of Mercury to the Atmosphere from
Human Activities, Environ. Sci. Technol., 45(24), 10485-10491.




