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Global Chemical Transport Model for Mercury

CTM -Hg

ÅGlobal model with 9 layers (7 in the 

troposphere and 2 in the stratosphere)

Å Generic meteorology from a global 

circulation model

ÅWet and dry deposition

ÅSimulation of Hg chemistry with other 

reactant species obtained from previous 

GEOS-Chem simulations, satellite data 

and literature values 



Atmospheric Mercury

ÅMercury is represented by three ñspeciesò in the model

ïElemental mercury

ÅHg0

ïDivalent gaseous mercury (HgII or RGM)

ÅHgCl2, HgBr2, Hg(OH)2, HgO, etc.

ïParticulate-bound mercury (Hgp)

ÅHgII emitted as particulate Hg

ÅHgII adsorbed on PM



Atmospheric Chemistry of Mercury



Atmospheric Deposition of Mercury

ÅHg0 is not very soluble and has a low dry deposition 

velocity (<0.1 cm/s)

ÅHgII is very soluble and adsorbs readily on surfaces: it is 

rapidly removed by wet and dry deposition

ÅHgp is mostly in the fine particle range and remains in the 

atmosphere for several days in the absence of precipitation



Atmospheric Half-lives of Hg Species

Hg0 and HgII may undergo

several red-ox cycles before

HgII is removed

via dry or wet deposition

Atmospheric Hg has (in the model) a 

half-life estimated to be ~ 8 months 

(lifetime of ~  0.9 year)

=> Hg is a global pollutant



Global Mercury Emissions

ÅGlobal total emissions of 
about 6500 Mg/y with an 
uncertainty of a factor of 2

ÅCurrent emissions are 3 times 
pre-industrial emissions

ÅEmissions of previously 
deposited mercury are a 
significant fraction of total 
emissions (50%)

Annual Hg emissions (Mg/y) 

(2000 estimate)
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North America   138

South America   92

Europe   239

Africa   407

Asia   1204

Oceania   125

Natural   1067

Emission of

previously 

deposited

Hg   3272



Base Simulation

Annual surface concentrations of Hg0



Model Performance Evaluation

Hg0 concentrations at remote sites

Region Measurements  

(ng/m3)

Model           

(ng/m3) 

Western North America 1.43 ï1.77 1.69 ï1.70

Eastern North America 1.50 ï1.83 1.60 ï1.65

Western Europe 1.72 ï1.75 1.62

Northern Europe 1.35 ï1.76 1.61- 1.64

Japan 2.04 1.87

Arctic 1.32 ï1.80 1.53 ï1.64



Model Performance Evaluation

North-South Hg0 Gradient

The model reproduces a north-south gradient of Hg0

concentrations as observed in the measurements of 

Temme et al. (Atmos. Environ., 37, 1889-1897, 2003)
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Sensitivity to Chemical Reactions

Technical approach: a systematic investigation of several 

chemical reactions rates taking into account the uncertainties 

in emission and deposition rates

Hg0 + O3 HgII

Hg0 + OH HgII

HgII + HO2 Hg0

Seigneur et al., J. Geophys. Res., 111, D22306, doi:10.1029/2005JD006, 2006 



Effect of Chemical Reactions

ÅSome gas-phase oxidation of Hg0 (by O3 and/or OH) is 

needed for the global mercury cycle

ÅThe O3 kinetics of Pal & Ariya (2004a) is an upper limit 

possibly due to heterogeneous processes

ÅSome HgII reduction is needed if one uses the current 

kinetics of the O3 (Hall, 1995) and OH (Sommar et al., 

2001; Pal & Ariya, 2004b) reactions



Sensitivity to Emissions

Technical approach: a systematic investigation of emission 

rates taking into account the uncertainties in both 

anthropogenic and natural emissions

Emission scenarios are constrained by the current/pre-

industrial emission ratio (2 to 4) and emission of previously 

deposited mercury (<50%)

Current overall uncertainty is a factor of 2

Lohman et al., Appl. Geochem., 2008, in press.



Natural emissions x 2

Hg0 concentrations look realistic



China emissions x 2

Hg0 concentrations still look realistic



Both Emissions and Chemistry

Govern the Mercury Global Cycle 

Increased emissions (x 1.4)

=> Hg0 is too high

Increased emissions with

no gas-phase Hg0 reduction

=> Hg0 is realistic



Annual Hg0 dry deposition flux (mg/m2) 

Base simulation

Deposition on land



Annual HgII dry deposition flux (mg/m2) 

Base simulation

Deposition near source regions



Annual Hg wet deposition flux (mg/m2) 

Base simulation

Deposition governed by both source 

regions and precipitation patterns



Annual total Hg deposition flux (mg/m2) 

Base simulation



UNEP Source regions


