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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 

GEOS-Chem (including two ocean parameters) are also investigated to explain the emission changes.

An inverse modeling study at global scale Atmosphere-surface exchange of Hg0 over the Eastern USA 

and Northwest Atlantic
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Ground-Based Observations

 The global ocean accounts for 55% of the total mercury emissions. The terrestrial ecosystem is neither a 

net source nor a net sink of atmospheric Hg0, in contrast to its bottom-up estimate as a large source [1].

 The optimized Asian anthropogenic emissions suggest that bottom-up inventories (ranging from 550–800 

Mg/y) may have underestimated their values.

Bayesian Inversion Approach

 The optimized emissions depend on the a priori 

uncertainties associated with the reference 

emissions and Hg0 observations.

 The 1-σ uncertainties of reference emissions are 

set as 50%.

 The total observation/model errors contain 

mismatch, instrumental precision, sampling 

frequency, and intercomparison errors (the 

most important).

 The emission inversion better reproduces ground-

based Hg0 observations (particularly for sites in the 

Southern Hemisphere and North America, note 

seasonal variability) than the reference simulation, 

and matches measured Hg0 over the North Atlantic 

Ocean and wet deposition fluxes in North America.

Model-Observation Comparison
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Identified knowledge gaps in mercury measurements and modeling

 Effective inversions are hampered by the large intercomparison errors in measured GEM. Research 

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.

 Improving our understanding of atmospheric Hg chemistry is of great importance for emissions since it 

affects our inversion results (e.g. ocean emissions/parameters).

 This study combines three types of mercury measurements (ground-based stations, aircraft campaign, 

and ship cruises) and the GEOS-Chem CTM nested grid simulations.

 An increase of springtime soil emission is consistent with 

the emission inversion. Agricultural activities and a larger 

land surface Hg pool due to deposition in the snow may 

contribute to such seasonal pattern.

Comparison between model results and 

different types of observations

AMNet

 We conduct three GEOS-Chem 

simulations: reference simulation, 

parameter inversion, and a 

sensitivity simulation. The 

sensitivity simulation is based on 

the parameter inversion with 

elevated springtime soil emission 

in the mid-latitude region (by a 

factor of 4) and elevated 

summertime bromine columns in 

the tropics and subtropics (by a 

factor of 3).

Over-land Over-ocean M–W U test

Measurement 1.44 ± 0.09 1.56 ± 0.11 p < 0.001

Reference 

simulation
1.40 ± 0.04 1.32 ± 0.03 p < 0.001

Parameter 

inversion
1.30 ± 0.03 1.28 ± 0.02 p < 0.001

Sensitivity 

simulation
1.29 ± 0.06 1.26 ± 0.05 p < 0.001

N of samples 356 69

NOMADSS within boundary layer

Ship cruises

 The sensitivity simulation best captures the seasonal pattern of the AMNet Hg0 concentration.

 In 2013 June/July, the sensitivity simulation has a small bias (-0.03 ng/m3) when compared to the AMNet.

 The sensitivity simulation gives the closest Hgaq
0, but still 8-40% less than ship cruises measurements.

 The median Hg0 in NOMADSS is 1.46 ng/m3, ~ 10% higher than the sensitivity simulation (1.29 ng/m3).

Take-home message: GEOS-Chem simulations and observations suggest that the Eastern US terrestrial 

ecosystem is a net sink of Hg0 while the Northwestern Atlantic Ocean is a source.
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