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SUPPLEMENTARY FIGURES
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Fig. S1. (a) 10-year average emissions of ammonia (NE) constrained by IASI satellite

measurements. (b) Monthly emissions of ammonia for the 2008 — 2017 period.



1€20 (a) Timeseries of SO, concentrations from Ozone Monitoring Instrument (OMI)
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Fig. S2. Timeseries of (a) average column sulfur dioxide from OMI, (b) average column
sulfates from MERRA2 and (c) nitrogen dioxide from OMI (molecules cm-2) showing that
the calculated emissions are due changes of the reactants of ammonia in North China Plain

only.



(a) Column SO, anomaly after 2015 from Modern-Era Retrospective analysis
for Research and Applications, Version 2 (MERRA-2)
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Fig. S3. (a) Annual average column sulfate anomaly after 2015 from MERRA-2, and (b)
Annual average emission anomaly of ammonia emissions calculated from IASI (NE

emissions).



GLOBAL EMISSION DIFFERENCES OF NH;
FROM EGG (10 YEAR AVERAGE)
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Fig. S4. Global differences of ammonia emissions calculated in the present study (NE) from
ECLIPSEv5-GFED4-GEIA (EGG) (Bouwman et al., 1997; Giglio et al., 2013; Klimont et al.,
2017). The results are given as 10-year average (2008—2017) and the number denotes the

annual difference in the emissions.



GLOBAL EMISSION DIFFERENCES OF NH;
FROM EDGARv4.3.1-GFEDA4 (5 YEAR AVERAGE)
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Fig. S5. Global differences of ammonia emissions calculated in the present study (NE) from
EDGARvV4.3.1-GFED4 (Crippa et al., 2016; Giglio et al., 2013). The results are given as 5-

year average (2008—2012) and the number denotes the annual difference in the emissions.



GLOBAL EMISSION DIFFERENCES OF NH3
FROM VDgrlf (10 YEAR AVERAGE)
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Fig. S6. Global differences of ammonia emissions calculated in the present study (NE) from
those calculated using Van Damme et al. (2018) gridded concentrations applying a gridded
variable lifetime from a CTM (VDgrlf). The results are given as 10-year average (2008-2017)
and the number denotes the annual difference in the emissions.
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Fig. S7. Time-series of surface concentrations of ammonia in European measurement sites
(EMEP) for each of the simulations with different emissions. EGG stands for the simulation
using traditional emissions from ECLIPSEvS, GFED4 and GEIA datasets, VDO0.5 using Van
Damme et al. (2018) satellite ammonia applying a constant lifetime for ammonia of 12 hours,
NE using emissions presented in this paper (see section 2), and VDgrlf shows concentrations

from the simulation using Van Damme et al. (2018) satellite ammonia applying a variable
(modelled) lifetime.
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Fig. S7. Continued.

Tkt
Ay

3

HUOO002R (19,58 'E, 46.97°N)

— Observations
— EGG

— w05

— NE

— VD_grif

VOO10R (21.17°E, 56.16 °N)

NI, concentration (ug N m-)

NH, concentration (ug N m %)

SEQ014R (11.91°E, 57.39°N)

[RERN
<m
5
o

VD_grif

SKOOOGR (22.27°E, 49.05°N)

NI, concentration (ug N m)

[RERN
<m
5
o

VD_grif




Fig. S8. Time-series of surface concentrations of ammonia in North American measurement
sites (AMoN) for each of the simulations with different emissions. EGG stands for the
simulation using traditional emissions from ECLIPSEvS, GFED4 and GEIA datasets, VD0.5
using Van Damme et al. (2018) satellite ammonia applying a constant lifetime for ammonia
of 12 hours, NE using emissions presented in this paper (see section 2), and VDgrlf shows
concentrations from the simulation using Van Damme et al. (2018)satellite ammonia applying
a variable (modelled) lifetime.

10



KY03 (-85.05°E, 37.70°N)
5| — Observations
— EGG ’
— Vo5
- A A
L1 :
— vp_grif /\
sl ,./ 1 A

NH; concentration (g N m~

PAOO (-77.31°E, 39.92°N)

—

NH; concentration (4g N m~)

\

MIS2 (-83.90°E, 42.42°N)

a0
— Observations
En —
— w05
30 — NE
2, — VD_grif
g 20
g1s
210
. 5 X
00 =
< < CICITy o b o ok v ot ok vl 5 i it
A A A A AN IO RN NENE NN NN ENER EREE

NC26 (-79.84°E, 35.26°N)

NH; concentration

— Observations

— NE
VD_grif

NE98 (-97.85 °E, 42.83°N)

|
s
o

} ;

N, concentration (ug N m )

NY16 (-73.74°E, 41.79°N)

— ol
— EGG

5 — w05
— NE

4 ~— VD_grlf

NH; concentration (g N m~"

NY96 (-72.39°E, 41.03° N)

KY98 (-87.85°E, 36.78°N)

71| — Observations
— EGG
— VD05
— NE
2 — VvD_grlf
v
H A A
g’ v
g,
Bl
= A

MD99 (-76.82°E, 39.03°N)

gNm )

XH, concentration

Observations

D05

TNO4 (-83.83°E, 36.47°N)

35|['— Observations

301 woos A
sl — NE

M — vo_gnif

20

T L ot vt 3t v ket
PNe S A0S A8

WY93 (-108.04°E, 44.28°N)

ivt1; concentrauon g N m

ottt vt st vk vt

Attt

B NM99 (-108.24°E, 36.74°N)

Observations
EGG

VD_05

NE

VD_grif

T, concentration (ug N m-7)
w

NY56 (-73.82 °E, 40.74°N)

30
—  Observations

s — EGG
T — w05
H — nNE
20 — VD_grlf
215
210
g
= o0s

00 —

b
. OK98 (-94.84"E, 36.92° N)
— Observations

S| — Eoe

Lol — wos
= || — ne

2 4 — vD_grif p—
£, U
£
R

© 9 ORE eSS Tl Tt St 1 1 1
REREREREER N NEEEDE el AT SIS,

Fig. S8. Continued.
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Fig. S9. Time-series of surface concentrations of ammonia in North American measurement
sites (AMoN) for each of the simulations with different emissions. EGG stands for the
simulation using traditional emissions from ECLIPSEvS, GFED4 and GEIA datasets, VD0.5
using Van Damme et al. (2018) satellite ammonia applying a constant lifetime for ammonia
of 12 hours, NE using emissions presented in this paper (see section 2), and VDgrlf shows
concentrations from the simulation using Van Damme et al. (2018) satellite ammonia
applying a variable (modelled) lifetime.
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Fig. S9. Continued.
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GLOBAL ANNUAL UNCERTAINTY OF NH;
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Fig. S10. Annual relative uncertainty of modelled surface concentrations expressed as the
standard deviation of surface concentrations from a model ensemble (Table 1) divided by the
average.
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Monthly IASI Total NH; on Aug-2015 (AM)
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Fig. S11. An example of raw (N=19,735,468) satellite IASI column concentrations of

ammonia (top panel) processed for the whole month (August 2015), gridded 2.5°x1.3°
column concentrations (middle panel) resulted after IDW interpolation for the same month
and modelled column monthly ammonia from LMDzORINCA (bottom panel) using the NE
emissions.
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