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Figure S1: Emissions trends in the US and Canada. Data for the US is from US EPA [3]]. Data from Canada
is from Steffen [4]].
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Figure S2: Summary of emissions by year under NA policy and noise scenarios. NA speciated emissions
are shown in color (HgO = darker shade; Hg2/HgP = lighter shade), and ROW emissions, not speciated, are
shown in grey. NA policy is implemented as a step change between 2008 and 2009. The “Meteorological
Variability” and Sectoral Trends + Meteorological Variability” scenarios are not shown as in the first,
emissions are identical to “Policy Only,” and in the second, emissions follow “Sectoral Trends.” Note that
the y-axis begins at 1200 Mg/yr.
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Figure S3: Summary of emissions by year under ROW policy and noise scenarios. ROW speciated emissions
are shown in color (HgO = darker shade; Hg2/HgP = lighter shade), and NA emissions, not speciated, are
shown in grey. ROW policy is implemented as a step change between 2008 and 2009. The “Meteorological
Variability” and “Sectoral Trends + Meteorological Variability” scenarios are not shown as in the first,
emissions are identical to “Policy Only,” and in the second, emissions follow “Sectoral Trends.” Note that
the y-axis begins at 800 Mg/yr.
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Figure S4: Cumulative distribution functions of removal fraction and fraction Hg(0) for different air pollu-
tion control configurations at the individual plant level, using data from Bullock and Johnson [[1]].

NA ROW

90°N 90°N
BO°N | ™2 60°N [™2
30°N 30°N

0° 0°
30°S 30°5
60°S . 60°S .
909%80" 120°W 60°W 0° 60°E 120°E 180° °§ 80° 120°wW 60°W 0° 60°E 120°E 180°

< -5.00 -3.75 -2.50 -1.25 0.00 AMg/y < -5.00 -3.75 -2.50 -1.25 0.00 A Mg/y

Figure S5: The spatial distribution of emissions changes associated with NA (left) and ROW (right) policy
in Mg/y, between the pre- and post-policy period.
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Table S3: Parameterization for variability in the population mean of removal fraction and fraction Hg(0) in
flue gas, for air pollution control technology configurations. Parameters ;o and ¢ are for normal distributions.

n o
Removal Fraction

ESP 0.294 0.039
ESP+FGD 0.778 0.017
SDA+FF+SCR  0.974 0.007

Fraction Hg(0)
ESP 0.258 0.033
ESP+FGD 0.920 0.008
SDA+FF+SCR  0.606 0.075

S2 Model-Observation Comparison

100 1+ T 1 T - 1 T T
— . —— Observation Trend:0.15+0.52 (hg m2d~" y™') 1
S gl Model Trend:0.60+0.41 (ng m2d™"y™") _
£
(@)
£ 60F .
C
S b )
s 40 /\ / “\ \ .
o) \ z
o A N
% Vi \ LR N N I\ .
g N RO '
; L
O 1 M 1 M 1 M 1 M 1 M 1 M 1 M 1 M
2005 2007 2009 2011 2013
year

Figure S6: Model-observation comparison of monthly

mean wet deposition fluxes from 2005-2012. Mean

values from MDN sites are shown in black, with grey shading representing the standard deviation of indi-
vidual sites. Modelled values are shown in red, with red bars indicating the standard deviation in individual
sites. The Pearson correlation coefficient » = 0.41 for the entire period, while 7 = 0.65 in the recent period

of 2010-2012.
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Figure S7: Comparison of modeled (background) and observed (filled circles) 8 year trends (2005-2012) in
wet deposition, using SMK trend test and Theil-Sen estimator of slope. Monitoring sites and model grid
cells with a significant trend (p<0.1) are indicated with a dot. Left compares trends in % change, while
Right shows trends in ng/m?-day per year. (Note: MDN measurements are taken as ng/m?- week.)
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Figure S8: Comparison of modelled (red, 2012) and observed (black, 2013-2015) monthly mean surface
gaseous elemental mercury concentrations. Left: Mean site values and standard deviation of individual
sites. Right: Seasonal patterns at individual sites and standard deviation across years.

S3 Additional wet deposition results
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Figure S9: Change in precipitation weighted concentration (%) between pre-policy and post-policy period in
Policy Only simulation. Grid cells with a significant (p<0.1) change are indicated with a dot. For reference,
locations of monitoring stations are indicated with triangles.
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Figure S10: Change in precipitation weighted concentration (%) between pre-policy and post-policy period
in Energy and Economic Trends simulation. Grid cells with a significant (p<0.1) change are indicated with
a dot. For reference, locations of monitoring stations are indicated with triangles.
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Figure S11: Change in wet deposition (%) between pre-policy and post-policy period in Product Emissions
Trend simulation. Grid cells with a significant (p<0.1) change are indicated with a dot. For reference,
locations of monitoring stations are indicated with triangles.
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Figure S12: Change in precipitation weighted concentration (%) between pre-policy and post-policy period
in Product Emissions Trends simulation. Grid cells with a significant (p<0.1) change are indicated with a
dot. For reference, locations of monitoring stations are indicated with triangles.
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Figure S13: Change in precipitation weighted concentration (%) between pre-policy and post-policy period
in Removal Variability simulation. Grid cells with a significant (p<0.1) change are indicated with a dot. For
reference, locations of monitoring stations are indicated with triangles.
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Figure S14: Change in wet deposition (%) between pre-policy and post-policy period in Speciation Variabil-
ity simulation. Grid cells with a significant (p<0.1) change are indicated with a dot. For reference, locations
of monitoring stations are indicated with triangles.
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Figure S15: Change in precipitation weighted concentration (%) between pre-policy and post-policy period
in Speciation Variability simulation. Grid cells with a significant (p<0.1) change are indicated with a dot.
For reference, locations of monitoring stations are indicated with triangles.
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Figure S16: Change in precipitation weighted concentration (%) between pre-policy and post-policy period,
for interannual meteorological variability simulation. Note the larger color bar range of -10 to 10%, com-

pared to the other plots. Grid cells with a significant (p<0.1) change are indicated with a dot. For reference,
locations of monitoring stations are indicated with triangles.
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S4 Additional atmospheric concentration results

S5 Emissions Inventory Comparison

Total TRI Emissions over Time
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Figure S17: TRI time series for Lake Superior States, broken down by sector and state. For a full description
of data sources, see Berg [2]].
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Table S4: NEI and TRI totals for fossil fuel emissions by state. 1999-2000 numbers are taken from Murray
and Holmes [S]], which used the 1999 NEI and 2000 TRI inventories. The 1999-2000 numbers only represent
coal-fired power plants, while the 2008 and 2011 numbers are for all fossil fuel power generation.

1999-2000 2008 2011

Michigan
NEI 3094 2134 1936
TRI 3010 2990 2580
% diff -2.71 40.09 33.25
Minnesota
NEI 1265 1207 924
TRI 1497 1254 906
% diff 18.34 3,70 -2.01
Wisconsin
NEI 2263 2313 1134
TRI 2114 1456 1263
% diff -6.58 -58.85 11.36
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