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Figure S1. The learning curve produced during the training of the EnsAl model.
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Figure S2. AMoN and NAPS station locations within the EnsAI model domain that have valid observations for the test period (2015).
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Figure S3. Time means of the surface ammonia concentration error standard deviation o. and emissions/surface concentration isotropic

correlation length L..[0] of the GEM-MACH ensemble ammonia error covariance taken over 2015.



DJF

MAM

JJA

SON

0 1 2 3 0 1 2 3 4 -2 0 2 4
ppbv ppbv ppbv

Figure S4. RM SE values for the surface ammonia concentration error standard deviation o, for EnsAl (left column), the static error
covariances (middle column), and their difference (right column) for December-January-February (DJF), March-April-May (MAM), June-
July-August (JJA), and September-October-November (SON) of 2015.



— EnsAl
=) { static
S 0.5
=
§ 0 _ . = = = = = = = - = .
1
—
)
8 s 0.5
| )
~—
O
O
<C 0 S Py - - hd ' - s - a ]
.
1
—~
N
8l 8 0.5
| )
~—
O
U ® PY . L]
< 0 L - < . . . -

Jan Feb Mar Apr May Jun Jul Aug  Sep Oct Nov  Dec

Figure S5. ACC values for Lcc[0], Lec[1]/ Lec[0], and Lec[2]/ Lec[0] over the model domain for each month in 2015.
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Figure S6. Same as Figure S4 but for RMSE
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Figure S7. Same as Figure S4 but for RM SE(Lec[1]/Lec[0]).
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Figure S8. Same as Figure S4 but for RM SE(Lec[2]/Lec[0]).
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Figure S9. RM SE values for Lcc[0], Lec[1]/Lec[0], and Lec[2]/ Lec[0] over the model domain for each month in 2015.
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Figure S10. ACC values for the horizontal correlation length modes for the emissions/surface concentration correlation Le.[mn] as a function
of wavenumber m for EnsAl (orange) and the static covariance (green). The corresponding wavelength of each mode is shown on the upper

axis.
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Figure S11. Same as Figure S10 but for the RM SE.
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Figure S12. Ammonia emissions increments Ae“™ from inversions using the GEM-MACH ensemble to form the background error covari-

ances.
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Figure S13. Ammonia emissions increments Ae®*A! from inversions using the EnsAl ensemble to form the background error covariances.
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Figure S14. Ammonia emissions increments Ae****'° from inversions using the static covariances as the background error covariances.
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Figure S15. Differences between the ammonia emissions increments from inversions using the EnsAl ensemble (Ae®*A") and using the
GEM-MACH ensemble (Ae®M).
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Figure S16. Differences between the ammonia emissions increments from inversions using the static covariances (Ae****') and using the
GEM-MACH ensemble (Ae®M).
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ppbv

Figure S17. Mean of the posterior ammonia surface concentrations from inversions using the GEM-MACH ensemble.
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Figure S18. Mean differences between the posterior ammonia surface concentrations from inversions using the EnsAl ensemble and using
the GEM-MACH ensemble.
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Figure S19. Mean differences between the posterior ammonia surface concentrations from inversions using the static covariances and using
the GEM-MACH ensemble.
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Figure S20. Standard deviation of the differences between the posterior ammonia surface concentrations from inversions using the EnsAl
ensemble and using the GEM-MACH ensemble.
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Figure S21. Standard deviation of the differences between the posterior ammonia surface concentrations from inversions using the static
covariances and using the GEM-MACH ensemble.
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Figure S22. Differences in the ST DE of the posterior ammonia surface concentrations between the EnsAl inversions (ST'D E(c®"541))
and the static covariance inversions (ST D E(¢52¢)),
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Figure S23. Biases of the posterior ammonia surface concentrations from inversions using the GEM-MACH ensemble (bias“™) in compar-

ison to AMoN and NAPS observations for 2015.
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Figure S24. Differences in biases of the posterior ammonia surface concentrations between the EnsAl (bias®*) and GEM-MACH en-
semble (bias®™) inversions for AMoN and NAPS observations for 2015.
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Figure S25. Differences in biases of the posterior ammonia surface concentrations between the static covariances (bias®*?¥¢) and GEM-
MACH ensemble (bias®™) inversions for AMoN and NAPS observations for 2015.
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Figure S26. Time series of components of the error covariances for EnsAl in the test of its translational invariance. The orange curves show
the error covariance components of the original EnsAl run at a location in Nebraska, which is on the left side of EnsAI’s grid. The red curves
show the error covariance components for the location in Nebraska when the 90 leftmost values of the input fields are translated to the right
side of the grid. In this translation, the location in Nebraska gets translated to a grid point in Pennsylvania. The curves in purple show the

covariance components of the location in Pennsylvania in the original EnsAl run.
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month  background covariance  bias (%) STDE (%) r

Jan GEM-MACH -39+180 43+%15 0.46 + 0.44
EnsAl 88+ 157 40+13 0.45 +0.49
static 8.6 £26.0 59 +£22 0.44 £ 0.46
Feb GEM-MACH 84+£69 87+ 14 0.18 £ 0.06
EnsAl 79+£71 89 £ 15 0.18 £ 0.06
static 11.9£7.0 87+ 14 0.18 £ 0.06
Mar GEM-MACH -0.1+49 70 £ 10 0.59 £ 0.05
EnsAl -0.9+4.38 70 + 10 0.60 + 0.05
static -28+438 69 + 10 0.60 + 0.06
Apr GEM-MACH 320+ 140 16422 0.47 £0.07
EnsAl 36.8 148 174+ 25 0.46 + 0.08
static 384+£153 18027 0.44 £ 0.08
May GEM-MACH 256 =154 182+ 36 0.59 £ 0.09
EnsAl 237+ 154 182 +37 0.59 £ 0.09
static 293+ 154 183 £38 0.59 £ 0.09
Jun GEM-MACH -5.8+0.1 105 £ 17 0.42 £0.07
EnsAl -53+93 106 £ 17 0.40 + 0.07
static -6.3+92 106 £ 17 0.39 + 0.07
Jul GEM-MACH 21.1 £9.8 122 + 20 0.56 + 0.05
EnsAl 242 +£9.7 120 £ 20 0.56 + 0.05
static 247+99 123 £21 0.56 & 0.05
Aug GEM-MACH 15.1+£95 116 £ 18 0.53 £ 0.07
EnsAl 185+ 10.1 122+18 0.52 £ 0.07
static 174 +£9.9 120 £ 17 0.51 £ 0.07
Sep GEM-MACH 27.0+6.9 102 £ 15 0.60 + 0.07
EnsAl 30.7£7.1 104 £ 16 0.59 £ 0.07
static 329+£7.7 112 £ 18 0.58 + 0.07
Oct GEM-MACH 235+79 100 £ 17 0.64 + 0.06
EnsAl 199+73 92 +£15 0.64 + 0.06
static 150 £ 6.9 86 £ 13 0.63 + 0.06
Nov GEM-MACH 9.9 £ 8.6 109 £ 20 047 +£0.17
EnsAl 132 £9.1 115+ 23 0.47 £0.17
static 16.7 £9.1 115+ 23 0.47 £0.17
Dec GEM-MACH 43.0+11.7 138 £46 0.35+0.14
EnsAl 620+ 124 146 +t44 0.34 £ 0.14
static 958146 170+£50 0.33 +0.14

Table S1. Comparison statistics between the posterior ammonia surface concentrations and ammonia surface observations from the AMoN

and NAPS networks for 2015. 26



