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Figure S1. Number of CrIS ammonia retrievals used in the inversions binned on the GEM-MACH grid for May to August 2016. The total
number of retrievals for each month is displayed in the lower right corner of each panel.
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Figure S2. Observation sites measuring the atmospheric surface concentrations of (a) ammonia, (b) nitric acid, sulfur dioxide, and total
ammonium, nitrate, and sulfate, (c) total PM2.5, the PM2.5 component of (d) ammonium, (e) nitrate, (f) sulfate, and precipitation concen-
trations of (g) ammonium, nitrate, and sulfate. The networks measuring each species is displayed in the legend of each panel.
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Figure S3. Monthly mean surface (a) SO2 VMR and (b) p-SO4 concentration fields from GEM-MACH for May to August 2016. In sub-
figures (a) and (b), the left columns show the mean surface field when the original ammonia emissions are used and the right columns show
the mean difference between the GEM-MACH runs with the updated ammonia emissions from the inversion and the original emissions. For
plots in the right columns, the total difference over the model domain as a percentage of the original field is shown in the lower right corner.
Plots for p-SO4 show the total sulfate mass over both aerosol size bins.

3



Figure S4. Comparison of HNO3 surface observations from the CAPMoN and CASTNET networks with GEM-MACH surface fields. The
left and center columns show bias values for each station when the original and updated ammonia emissions are used, respectively. The
right column shows the relative improvement of the root-mean-square error (RMSE) for each station. CAPMoN and CASTNET stations are
denoted with circular and triangular markers, respectively.
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Figure S5. Same as Figure S4, but for p-NH4.
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Figure S6. Same as Figure S4, but for p-NO3.
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Figure S7. Same as Figure S4, but for precipitation-chemistry concentration observations of ammonium from the CAPMoN, NTN, and
AIRMoN networks, which are denoted by circular, triangular, and square markers, respectively.
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Figure S8. Fraction of the number of retrievals chosen to be compared with the model using the linearized averaging kernel in the hybrid
method within each cell of the GEM-MACH grid. Percentages in the lower right corner show the percentage over the whole domain.
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