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ENHANCEMENTS TO THE GEOS-CHEM OCEAN MERCURY MODELING CAPABILITY

The GEOS-Chem mercury simulation [Selin et al., 2008] was the first global 3D model to account

for mercury cycling among the atmosphere, surface ocean and land reservoirs. A mechanistic

parameterization for land and ocean emissions was needed because natural and re-emissions of

mercury from these systems account for approximately two-thirds of the annual global releases to

the atmosphere (Figure 1). The Selin et al. [2008] model underestimates enrichment of total

gaseous mercury (TGM) in the northern hemisphere oceans (Figure 2). Historical enrichment of

intermediate ocean waters mixing with surface waters during seasonal deep convection of the

water column could result in enhanced mercury evasion in the Northern Hemisphere. We are

updating the GEOS-Chem surface-slab ocean model to include intermediate and deep ocean

waters. In addition, we are adding methylmercury as a tracer in the ocean simulation to quantify

the bioavailable fraction of mercury in the water that may enter the base of the food web and

accumulate in marine fish.
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Intermediate and Deep Ocean Waters Included in Simulation.
By integrating the surface slab model of Strode et al. [2007] with the Sunderland and Mason

[2007] model, longer timescales of mercury cycling in intermediate and deep waters of the ocean

will be accounted for in evasion estimates in the new ocean mercury simulation. We hypothesize

that such variability may account for some of the present discrepancies between modeled

atmospheric Hg concentrations over the oceans in the northern hemisphere.

Figure 4. Methylated mercury concentrations in subsurface ocean waters vary as a function 

of the organic carbon remineralization rate calculated from carbon, nutrient and CFC tracer 

data.  Data shown are from the North Pacific Ocean [Sunderland et al., 2009].
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Figure 1. Natural and anthropogenic emissions and deposition of mercury globally. Data from

Mason and Sheu [2002]; Pacyna et al. [2006], and Selin et al. [2008]. Oceanic evasion (both

natural and re-emissions of mercury) accounts for ~1/3 annual emissions to the atmosphere.

Figure 3. Schematic of updated oceanic mercury modeling framework currently being developed 

within the GEOS-Chem oceanic mercury simulation. Arrows represent net processes.

Figure 2. Global cruise data for daily mean total gaseous mercury (TGM) concentrations

compared to annual mean TGM simulated for 2007 using the GEOS-Chem model. High

concentrations of TGM observed over the Atlantic and Pacific Oceans in the Northern

hemisphere are not presently captured by the GEOS-Chem Hg simulation. Measurements of

atmospheric mercury (shown above) were carried out through an ~9 month cruise campaign

(2006-2007) that measured total and reactive gaseous mercury in the atmosphere. Also

shown are data from Laurier et al. [2007] (North Pacific), Lamborg et al. [1999] (Atlantic), and

Temme et al. [2003] (Atlantic).

We are using global oceanic mercury measurements to constrain both our surface slab ocean

simulations and evaluate model results for the intermediate and deep ocean waters. Examples for

the Atlantic and Pacific Oceans are shown below.
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Figure 5. GEOS-Chem simulation (right) for surface water Hg(0) (pM) concentrations (May-

August) compared to observed data (left) from the Atlantic Ocean.  Data are from Mason et al. 

(1998) and Mason and Sullivan (1999).

Methylated Mercury Species Added as Tracer.
Including the formation of methylated mercury concentrations in the ocean model allows us to

link atmospherically deposited mercury to the bioavailable fraction in ocean waters. This

information is critical for determining uptake at the base of the food web and subsequent

bioaccumulation in predatory fish species such as tuna.
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Figure 6. Speciated mercury and tracer (CFC-11) data from the North Atlantic and North Pacific

Oceans. North Atlantic data are from Mason et al. [1998] and North Pacific data are from

Sunderland et al. [2009]. We are using measured water column profiles of speciated mercury

data to constrain the ocean mercury simulation. Differences in the ages of water masses in the

North Atlantic Ocean relative to the North Pacific (and their associated responsiveness to

changes in atmospheric mercury deposition) are indicated by the depth of CFC-11 penetration.

Methylated mercury species accumulate in bacterially active intermediate waters that underlie

productive oceanic regions.

Improve Existing Surface-Slab Ocean Model.
We are presently enhancing the existing surface-slab ocean model developed by Strode et al.

(2007) using recent information on reaction rates and mercury speciation in the surface ocean as

well as new measurement data. Making a more realistic representation of the ocean processes

will be the first step in the model improvement.
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