Top-down constraints on Hg emissions at global and regional scales: combining atmospheric observations and modeling
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* This study quantitatively estimates present-day mercury emission sources combining ground-based
observations and a global chemical transport model (the GEOS-Chem CTM). Several key parameters in

. . . . . 7 = This study combines three types of mercury measurements (ground-based stations, aircraft campaign,
GEOS-Chem (including two ocean parameters) are also investigated to explain the emission changes. Y yP y (9 paig

and ship cruises) and the GEOS-Chem CTM nested grid simulations.
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Table. Measured and modeled concentrations of air and aqueous Hg in the Northwest Atlantic?

- Parameter inversion
- Sensitivity simulation #1

Source Included in inversion?® Reference emission Optimized emission Bottom-up estimatelll Ship cruise AUGOS8 JUNO09 AUGI10
Anthropogenic® 1960 (420-3510) 2250 (1150-3360) Hg species® air Hg"  Hg.,”  Hga' | airHg®  Hg.’ Hg.' | airHg®  Hge' — Hgs'
Asia Y 770 + 390 1060 + 110 Measurement 1.4+02 133+ 14 1.3-29 1.4+0.1 120+ 7 NA¢® NA 196 = 34 1.2-1.6
Other regions N 760 760 Reference simulation 1.40 110 1.3 1.33 78 0.9 1.31 91 1.1
Contaminated sites N 80 (70-100) 80 (70-100) Parameter inversion 137 117 1.6 131 o4 12 | 130 96 1.3
Oxidized Hg N 350 350 - +
Sensitivity simulation #1 1.32 143 1.9 1.32 98 1.3 1.17 123 1.6
Net ocean 2990 (470-5510) 3160 (1160-5160) 2800 (800'5300) @ Ship cruise measurement data are from Soerensen et al. (2013). For the cruise of August 2008, we exclude aqueous Hg
Net NH ocean Y 1230 £ 630 1670 £ 530 data measured in the coastal region because they are affected by anomalously high freshwater inputs.
Net SH ocean Y 1760 £ 880 1490 + 680 ® The units of air Hg®, Hg,", and Hg,," (filtered total aqueous mercury) are ng m=, fM (1012 mol m~), and pM (10~ mol
3), respectively.
Net terrestrial® 1070 (-510-3130) 340 (~590—1750) 1600 (800-3000) ), respectively
Soi Y 1680 + 840 860 + 440 = The sensitivity simulation best captures the seasonal pattern of the AMNet Hg® concentration.
Prompt reemission N 520 500 = |[n 2013 June/July, the sensitivity simulation has a small bias (-0.03 ng/m?3) when compared to the AMNet.
Hg? dry deposition N —1430 ~1320 = The sensitivity simulation gives the closest Hg,°, but still 8-40% less than ship cruises measurements.
Geogenic N 90 (60-600) 90 (60-600) = The median HgG® in NOMADSS is 1.46 ng/m3, ~ 10% higher than the sensitivity simulation (1.29 ng/m3).
Biomass burning N 210 210
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» Effective inversions are hampered by the large intercomparison errors in measured GEM. Research
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Take-home message: GEOS-Chem simulations and observations suggest that the Eastern US terrestrial

ecosystem is a net sink of Hg® while the Northwestern Atlantic Ocean is a source.

aimed at quantifying/reducing the intercomparison errors should be given high priority by the community.
= More sites in some regions (e.g. the Southern Hemisphere) are necessary to further constrain emissions.

» I[mproving our understanding of atmospheric Hg chemistry is of great importance for emissions since it
affects our inversion results (e.g. ocean emissions/parameters).
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