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The GEOS-Chem model



Model description

Ñ GEOS-Chem global atmosphere-ocean-land mercury 

simulation

Ñ Development of mercury simulation: joint effort 

between Harvard University and University of 

Washington

Ñ Assimilated meteorological fields (NASA GEOS-4) 

with 2 x2.5 horizontal resolution and 30 vertical 

levels 

Selin et al. (2007), J. Geophys. Res., doi:10.1029/2006JD007450.

Strode et al. (2007), Glob. Biogeochem. Cycles, doi:10.1029/2006GB002766. 

Selin et al. (2008), Glob. Biogeochem. Cycles, 10.1029/2007GB003040.



GEOS-Chem atmosphere-ocean-land Hg model
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surface ocean
deep ocean

land

ÅOxidation of Hg0 by OH (9x10-14cm3/s: Sommar et al. 2001, Pal and Ariya 2004)and O3
(k=3x10-20cm3/s: Hall, 1995)

ÅIn-cloud reduction of HgII

ÅWet deposition of HgII and HgP

ÅDry deposition over land resistance in series; dry deposition of HgII ocean (sea-salt)

TGM lifetime = 0.6 years

Sources+sinks in Mg/yr



Anthropogenic Emissions: 3400 Mg/yr

ÅGEIA Inventory year 2000 (Pacyna et al., 2006) with: 50% increase in 
Asia and 30% increase elsewhere (Selin et al, 2008)  Ą 2950 Mg/yr

ÅArtisanal Mining Ą 450 Mg/yr (Hylander & Meili, 2005)
(Chap 6: Telmer and Vega 350 Mg/yr )

Total anthropogenic = 3400 Mg/yr
(Chap 1: Pirrone et al. 2450 Mg/yr)



Biomass burning Emissions: 650 Mg/yr

ÅMonthly gridded climatological biomass burning inventory for CO 
(Duncan et al., 2003)

ÅConstant emission ratio Hg/CO = 2.1x10-7

Ą 650 Mg/yr
(Chap 8: Friedli et al. 675 Mg/yr )



Ocean Emissions: 3000 Mg/yr
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gas exchange

Atmosphere

Ocean mixed layer

Ocean thermocline

Mixed layer slab ocean model fully 
coupled with atmosphere

ÁInteraction of mixed layer with 
atmosphere + deep ocean

ÁConversion among elemental, 
divalent, and nonreactive Hg

ÁConsistent with observation of 
aqueous Hg

ÁCycling of previously deposited 
Hg ~ 89% of ocean flux

deposition

NPP, rad NPP

(Chap 7 Mason et al: 2800 Mg/yr)



Land Emissions: 2180 Mg/yr

Geogenic: 500 Mg/yr

Degassing from geological 

reservoirs

Prompt recycling: 480 Mg/yr

20% of Hg is promptly 

recycled back to atmosphere 
(Hintelmann et al. 2002; Graydon et 

al., 2006)

Soil volatilization: 570 Mg/yr

F(T, [Hg], solar radiation)

Evapotranspiration:630 Mg/yr

F([Hg], transp. rate)GEOS-Chem 

grid box Runoff:

negligible

Deposition     =        Evasion

Constrained by pre-industrial simulation

(Chap 7 Mason et al: 1850 Mg/yr)



Reference simulation for 2001

Surface Hg0 Surface HgII+ Hgp

Dry deposition 6300 M/yrWet deposition 2930 Mg/yr


