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Text S1: Application of averaging kernels to GEOS-Chem for comparison to TROPOMI NO,

The steps for applying TROPOspheric Monitoring Instrument (TROPOMI) averaging kernels
to model vertical profiles of nitrogen dioxide (NO,) are detailed in the TROPOMI Product User

. . Atroposphe‘re .

Manual. ! Tropospheric averaging kernels (* Tropomi ) are first calculated by scaling total
total

column averaging kernels (ATRgP%MI) by the ratio of total column air mass factors (AMF) (

AMF®) o the tropospheric column AMF (AMFoPoPherey.

total
Atroposphere =A total AMF
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The TROPOMI averaging kernels from Equation (S1) are then interpolated to the GEOS-Chem
vertical grid and multiplied by model shape factors (the relative contribution of NO, in each
GEOS-Chem vertical layer !) and summed over all troposphere layers to yield GEOS-Chem
NO, vertical column densities (VCD) with TROPOMI vertical sensitivities:
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Text S2: TASI NHj; reprocessing with local GEOS-Chem a priori profiles

otal
IASI ammonia (NH;) averaging kernels (AtIAtSI ) are calculated by dividing the provided

otal
integrated IASI NHj; total columns (VCD IASItdiffault) by the provided confined vertically resolved

confined
columns (V¢P rasi )

total
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The averaging kernels can also be normalized by a provided normalization factor 2, but we find
that this only leads to discernible differences in monthly means for gridboxes with fewer than

otal
10 TASI pixels. Reprocessed IASI NHj; total VCDs (VCD 1AS] répiocessed) are then calculated by
otal
dividing the reported VCD 1451 Gefaut by the integrated product of the GEOS-Chem NH; shape
otal
factor and Afst interpolated to the GEOS-Chem vertical grid:

total
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Archibald et al. (2013) pyrome regimes

Pyrome type
(frequency, intensity, size)

I rare, cool, small (RCS)

|:| intermediate, cool, small (ICS)
[ ] frequent, cool, small (FCS)

[ ]frequent, intense, large (FIL)
[ rare, intense, large (RIL)

Figure S1. Archibald et al. (2013)3 pyrome classes used to interpret the spatial distribution of
top-down estimated nitrogen oxides (NOy) and NH; emissions. Data are on a 0.5° grid. A brief
description of the derivation of the dataset is in the main manuscript (Section 2.5). Data
downloaded from the archive hosted by the Archibald Ecology Laboratory
(https://archibaldlab.weebly.com/datasets.html, last accessed 25 February 2025) are visualised
with the same colour scheme as Archibald et al. (2013)3.



https://archibaldlab.weebly.com/datasets.html

(@ IASI NH3 with default prlor

0 5 10 15 20
(b)  1ASI NH; with GEOS-Chem prior

0 5 10 15 20

[10"™ molecules cm™?]

Figure S2. Effect of the GEOS-Chem prior on IASI NHj3. Panels are IASI NHj retrieved with
a fixed land and ocean a priori profile (a), with local a priori profiles from GEOS-Chem (b),
and the difference between the two (c). Data are July-October 2019 means on the GEOS-Chem
0.25° latitude x 0.3125° longitude grid.
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Figure S3. IASI NH; for non-biomass-burning months in southern Africa in 2019. Data shown
are the provided December, January and February IASI NH; total columns obtained with the
default static a priori. The widespread hotspot of IASI NHj (>35 x 10> molecules cm™) in the
northern portion of the domain is from biomass burning during the peak of the northern Africa
burning season. The enhancements in NH; in southern Angola and on the Angola side of the
border with Zambia in Figure 3(a) (Section 3.3) are both absent, supporting interpretation that
these are from dry season fires. Angola (AGO) and Zambia (ZMB) are indicated.
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Figure S4. Sensitivity of monthly total top-down emissions to prior biomass burning
inventories. Panels are top-down June-October NO, emissions obtained using TROPOMI
tropospheric columns of NO,; (a) and July-October top-down NHj emissions obtained using
IASI NH; (b). Colours discern top-down emissions estimates using GEOS-Chem driven with
GFEDv4s (blue), FINNv2.5 (red), or GFASv1.2 (green). The manuscript details the mass
balance emission inversion approach (Equation (3), Section 2.5) and the reason (b) excludes

June.
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