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Objectives and Rationale of Atmospheric Modeling in Conjunction 
with Great Lake Multi-Compartment Mercury Modeling Project

Estimate deposition amount of different mercury species and/or forms to 
different regions of Lake Ontario lake surface and watershed, for use in 
ecological assessment and modeling

dry deposition generally estimated with models
modeling can help fill in spatial gaps between measurement sites
modeling can help estimate deposition for other times
• past
• future (for different emissions scenarios)

Estimate source attribution for deposition of different mercury species 
and/or forms to different regions of Lake Ontario lake surface and 
watershed, including estimation of the relative importance of:

different source regions (local, regional, national, continental, global)
different jurisdictions (different states and provinces) 
anthropogenic vs. natural emissions
different anthropogenic source types (power plants, waste incin., etc)
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Source of emissions data: U.S. EPA and Environment Canada

Largest mercury sources in U.S. and Canadian air emissions inventories (~1999-2000)



Some preliminary results for the 
atmospheric deposition impact of 

U.S. and Canadian anthropogenic mercury 
air emissions sources on Lake Ontario



Largest modeled atmospheric 
deposition contributors to Lake 
Ontario based on 1999-2000 
emissions



Modeled atmospheric mercury deposition to Lake Ontario 
from U.S. and Canadian source sectors based on 1999-2000 emissions



Top 25 Contributors to 1999 Hg Deposition Directly to Lake Ontario
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Many uncertainties in these earlier results…

How to refine modeling and link with other 
models in a multi-media framework?
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For Lake Ontario:

How to link the 
atmospheric model 
and the aquatic 
fate/cycling model?
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Air-Water Interface 
– at the boundary 

between the 
atmospheric model 
(over the lake) and 
the lake fate and 

cycling model

Hg(0) Hg(2) Hg(p)

Upward Flux of 
Hg(2) and Hg(p) 
is probably small

Surface exchange 
of Hg(0) from Lake 
Ontario may not 
have large impact 
on overall 
atmospheric Hg 
fate-transport (?)

The precise 
specification of 
surface exchange of 
Hg(0) may not have 
large impact on 
methyl-mercury 
production (???)

It may turn out that 
dynamic, run-time
linkage between lake 
and  atmosphere is 
not critical for Hg (?)
(we will see…)
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Model Outputs

For model evaluation, 
emissions and 

meteorology must be 
for the same time 
period as ambient  
measurement data
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Model Evaluation

Speciated ambient 
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speciated atmospheric Hg 
measurements at site x

speciated atmospheric Hg 
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?

Hypothetical –
just for 
illustration 
purposes

For model 
evaluation, 
inventory must 
be accurate and 
for same period 
as measurements 
(a big challenge!)



Lake Ontario

RGM emissions (~1999) in the Lake Ontario region “RGM” = Reactive 
Gaseous Mercury, 
the form of 
atmospheric 
mercury most 
readily deposited 

16Source of emissions data: U.S. EPA and Environment Canada



Lake Ontario

RGM emissions (~1999) in the Lake Ontario region, 
and Mercury Deposition Network (MDN) sites

17Source of emissions data: U.S. EPA and Environment Canada



Lake Ontario

RGM emissions (~1999) in the Lake Ontario region, and (some of the) sites 
where speciated concentrations of atmospheric Hg have been measured

18Source of emissions data: U.S. EPA and Environment Canada
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Lake Ontario

RGM emissions (~1999) in the Lake Ontario region, 
along with MDN and ambient concentration sites

19Source of emissions data: U.S. EPA and Environment Canada



Atmospheric models can potentially provide valuable deposition 
and source-attribution information.

But… models have not been adequately evaluated, 
so we don’t really know very well how good or bad they are…

… air pollution model or error pollution model?

Challenges / critical data needs for model evaluation:

Ambient Monitoring Data
speciated ambient concentrations 
(need RGM and Hg(p), not just total gaseous mercury)

wet deposition

Emissions inventories
complete
“accurate”
speciated
up-to-date (or at least for the same period as measurements)
temporal resolution better than annual (e.g., shut-downs, etc)

Atmospheric models can potentially provide valuable deposition 
and source-attribution information.

But… models have not been adequately evaluated, 
so we don’t really know very well how good or bad they are…

… air pollution model or error pollution model?



Thanks!
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