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nverse Modeling:
Mercury in Milwaukee

Gaseous Elemental Mercury at
Milwaukee impacted by:
O . Local urban sources
e Ohio River Valley + regional
> sources
E » Forest fires
e Lake outgassing
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Speciated Mercury Measurements in Milwaukee
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Inverse Modeling
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Inverse Problem: x = Hly

xtbook Intro: “Parameter Estimation and Inverse Problems” by Aster, Borchers and Thurber
aphical Intro: “A Conceptual Introduction to Geophysical Inversion” by Andy Ganse, U. Washington



Inverse Modeling: Bayesian Formulation Simplifies to Least-
Squares Inversion when Error Covariances are Diagonal

ayesian Formulation:

= Hx — )R Hx —y) + xR, 'x

simplifies to:

— (Hx—y)! (Hx—y)+o’z’ =

Solution in a single step of least-squares:

J = ‘s . (H'x — y") H2
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Emission Hybrid Inverse Model
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Gridded Emissions of Gaseous Elemental Mercury
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Source Group Impacts on Gaseous Elemental Mercury in Milwaukee
Based on CAMx Simulations and Back-Trajectories.
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Gridded Emissions of Speciated Mercury
Compared with TRI and NEI
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Percentage of Bootstrapped Simulations

Contributions to Reactive Mercury in Milwaukee
Uncertainty Analysis using Bootstrapping
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Source Attribution of Reactive Mercury:
Current inverse model suggests that a greater fraction is directly
emitted compared to previous modeling studies
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Back-Trajectory Analysis for Los Angeles:
Carbon Monoxide, May 2009 — April 2010
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Back-Trajectory Analysis for Los Angeles:
PMF using 24hr samples, May 2009 — April 2010
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£C / OC Emissions using East — St. Louis
Supersite Hourly Measurements
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East — St. Louis Supersite:
Continuous Hourly EC/OC Measurements for 2002
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Average Concentration (ung/m )
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Diurnal and Monthly Emission Profiles for Non-Road Emissions
LADCO Prior Inventory shown with Solid Markers
Inverse Model Range based on Bootstrapping shown with Shading
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Diurnal and Monthly Emission Profiles for “Marine/Aircraft/Rail”
LADCO Prior Inventory shown with Solid Markers
Inverse Model Range based on Bootstrapping shown with Shading
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Diurnal and Monthly Emission Profiles for “Other” Emissions
LADCO Prior Inventory shown with Solid Markers
Inverse Model Range based on Bootstrapping shown with Shading
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Diurnal and Monthly Emission Profiles for Point Source Emissions

LADCO Prior Inventory shown with Solid Markers
Inverse Model Range based on Bootstrapping shown with Shading
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Diurnal and Monthly Emission Profiles for On-Road Emissions
LADCO Prior Inventory shown with Solid Markers
Inverse Model Range based on Bootstrapping shown with Shading
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£C / OC Emissions using East — St. Louis

=Supersite Hourly Measurements SAINT Louts
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