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Atmospheric deposition is believed to be the largest
current mercury loading pathway to the Great Lakes...

» How much is deposited and where does it come from?
(...this information can only be obtained via modeling...)
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Presenter
Presentation Notes
Here’s where the mercury is emitted from... But what is the relative importance of different source regions to atmospheric deposition of mercury to sensitive U.S. ecosystems, e.g., the Great Lakes? Does most of it come from China?

Data for 2005, from USEPA, Environment Canada, NILU (Norway), and others. Assembled for the GLRI FY2010 modeling project.

Looking at this emissions map, its easy to think that the dominant contributor to Great Lakes mercury might be emissions from China. 


Next step: What happens to the mercury after it is emitted? // .

HYSPLIT-Hg Lagrangian Puff Atmospheric Fate and Transport Model
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Presentation Notes
Here’s where the mercury is emitted from... But what is the relative importance of different source regions to atmospheric deposition of mercury to sensitive U.S. ecosystems, e.g., the Great Lakes? Does most of it come from China?

Data for 2005, from USEPA, Environment Canada, NILU (Norway), and others. Assembled for the GLRI FY2010 modeling project.

Looking at this emissions map, its easy to think that the dominant contributor to Great Lakes mercury might be emissions from China. 


Make sure the model is giving reasonable results

Modeled vs. Measured Wet Deposition of
Mercury at Sites in the Great Lakes Region
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Presenter
Presentation Notes
All the data, but MDN sites “downwind” of the Great Lakes (“eastern GL region”) are open squares…


Keep track of the contributions from each source, and add them up
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A tiny fraction of 2005
global mercury emissions

Results can be shown in many ways...

within 500 km of Lake Erie
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Modeling results show that
these “regional” emissions
are responsible for a large
fraction of the modeled 2005

atmospheric deposition

Important policy
implications!
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Presenter
Presentation Notes
Results obtained by modeling the atmospheric fate and transport of mercury emitted to the air with the HYSPLIT-Hg model, in the FY2010 GLRI mercury-modeling project.  These results are for 2005, the latest year for which mercury emissions inventory information was available, at the time the project was carried out.  Atmospheric deposition of mercury to the Great Lakes is an important – and probably the largest – current loading pathway.

In the upper left graph, the total mercury emissions as a function of distance away from the center of Lake Erie are plotted. You can see that a very small fraction of the total global mercury emissions are emitted within 500 km of the Lake center, or even with 1000km of the Lake center. The bulk of the global emissions are much further away from the Lake.

In the bottom right graph, the total modeled atmospheric mercury deposition to Lake Erie arising from emissions at the same distance ranges are shown. So, this graph shows that about 200 kg were modeled to have been deposited into Lake Erie from sources within 500 km of the Lake center, about 40% of the total modeled deposition. 
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Source-Attribution Results for 2005 from
NOAA ARL Atmospheric Mercury Modeling,
Ground-Truthed Using Atmospheric Measurements

Sources of Mercury Deposition to the Sources of Mercury Deposition to the
Great Lakes Basin Lake Erie Basin
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o KTMOS;

A multi-phase project

e

ARL’s GLRI Atmospheric Mercury Modeling Project
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Phase 1: Baseline Analysis for 2005
(Final Report Completed December 2011)

2005 was chosen as the analysis year, because 2005 was the
latest year for which comprehensive mercury emissions
inventory data were available at the start of this project

Using 2005 meteorological data and emissions, the
deposition and source-attribution for this deposition
to each Great Lake and its watershed was estimated

The model results were ground-truthed against 2005
Mercury Deposition Network data from sites in the
Great Lakes region
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Modeling Atmospheric Mercury Deposition to the Great Lakes.
Final Report for work conducted with FY2010 funding from the
Great Lakes Restoration Initiative. December 16, 2011.

Mark Cohen, Roland Draxler, Richard Artz. NOAA Air Resources
Laboratory, Silver Spring, MD, USA. 160 pages.

http://www.arl.noaa.gov/documents/reports/GLRI_FY2010 _
Atmospheric_Mercury_Final_Report 2011 Dec 16.pdf

http://www.arl.noaa.gov/documents/reports/Figures _Tables
_GLRI_NOAA _Atmos_Mercury_Report Dec_16 _2011.pptx

One-page summary:

http://www.arl.noaa.gov/documents/reports/
GLRI_Atmos_Mercury_Summary.pdf
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(current work, with GLRI FY11 funding)

O Examining the influence of uncertainties on the
modeling results, by varying critical model
parameters, algorithms, and inputs, and analyzing the
resulting differences in results

O Ground-truthing the model against additional
ambient monitoring data, e.g., ambient mercury air
concentration measurements and wet deposition data
not included in the Mercury Deposition Network
(MDN)
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Phase 3: Scenarios
(next year’s work, with GLRI FY12 funding)

A modeling analyses such as this is the only way to
quantitatively examine the potential consequences of
alternative future emissions scenarios

We will work with EPA and other Great Lakes
Stakeholders to identify and specify the most policy
relevant scenarios to examine

For each scenario, we will estimate the amount of
atmospheric deposition to each of the Great Lakes and
their watersheds, along with the detailed source-
attribution for this deposition
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atures of this Analysis

© Deposition explicitly modeled to actual lake/watershed areas

= As opposed to the usual practice of ascribing portions of gridded
deposition to these areas in a post-processing step

0 125 250 500 Kilometers
L 1 I e
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Presenter
Presentation Notes
This shows the “polygons” that represent each Great Lake and each of their watersheds.

At each time step, the overlap of each pollutant “puff” (and Eulerian grid square) is estimated for each polygon, and the deposition from the puff or grid square is attributed to the polygon based on the degree of overlap… (this is a little more simple than it actually is, as differences in land-type are factored in as well…)


Some Key Features ofithis Analysis _—

© Combination of Lagrangian & Eulerian modeling

= allows accurate and computationally efficient estimates of the fate and transport of
atmospheric mercury over all relevant length scales — from “local” to global.

© Uniquely detailed source-attribution information is created

= deposition contribution to each Great Lakes and watersheds from each source in the
emissions inventories used is estimated individually

= The level of source discrimination is only limited by the detail in the emissions inventories

= Source-type breakdowns not possible in this 1%t phase for global sources, because the global
emissions inventory available did not have source-type breakdowns for each grid square
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Some Key Findings of this Analysis e

© “Single Source” results illustrate source-receptor relationships

= For example, a “typical” coal-fired power plant near Lake Erie may
contribute on the order of 100x the mercury — for the same emissions
— as a comparable facility in China.

© Regional, national, & global mercury emissions are all important
contributors to mercury deposition in the Great Lakes Basin
= For Lakes Erie and Ontario, the U.S. contribution is at its most significant
= For Lakes Huron and Superior, the U.S. contribution is less significant.

= Local & regional sources have a much greater atmospheric deposition
contributions than their emissions, as a fraction of total global mercury
emissions, would suggest.
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Some Key Findings of thisiAnalysis (...continued)

© Reasonable agreement with measurements

= Despite numerous uncertainties in model input data and other
modeling aspects

= Comparison at sites where significant computational resources were
expended — corresponding to regions that were the most important
for estimating deposition to the Great Lakes and their watersheds —
showed good consistency between model predictions and measured
quantities.

= For a smaller subset of sites generally downwind of the Great Lakes
(in regions not expected to contribute most significantly to Great
Lakes atmospheric deposition), less computational resources were
expended, and the comparison showed moderate, but
understandable, discrepancies.
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