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Figure S1. Daily average TROPOMI CO data coverage for 2018 after quality filtering, normed on the mean footprint area per observation
(~ 84km?). As in Figure 1 from the main manuscript, the nested zoom regions are shown as grids and the locations of the surface stations
as dots.
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Figure S2. Same as S1, but split in 3 month periods to show seasonal variations.



NiiB et al.: Supplement of ‘“Top-down CO emission estimates using TROPOMI in TM5-4DVAR (r1258)”

(a) reference biomass burning CO a priori

(b) reference biomass burning CO absolute increment (apos-apri)
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(e) GFED biomass burning CO a priori (f) GFED biomass burning CO absolute increment (apos-apri)
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Figure S3. Global biomass burning CO emission for a single day, 15 September 2018, for the first set of inversions. The panels show the a
priori emissions (left) and absolute emission increment (right) for the FINN2.4+VIIRS ((a) and (b)), FINN2.4 ((c) and (d)), and GFED ((e)
and (f)) inventories.
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Figure S4: Station-wise mean error-weighted mismatch

CGO (40.7°8) between flasks and model for all main inversions.

o ‘ Stations are ordered by latitude. Starred (*) stations
BHD (41.4°8) are the ones analysed in more detail in the manuscript.
CRZ (46.4°S) The dashed line denotes the 55° N cutoff.
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Figure S5. Total error-weighted mismatch between model and satellite observations aggregated in 12° x 12° boxes and per month. This is equivalent to the contribution to the cost
function from all observation in each box. The mismatches over the oceans are low because on the one hand there are fewer observations and on the other hand those observations
represent the background mixing ratios, which are captured well by the model.
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Figure S6. Mean a priori and a posteriori mismatch between the satellite and the model for all main inversions over the whole period
aggregated in 12° latitudinal bands. A priori is larger, expect station only in high northern latitudes.
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Figure S7. Same as above, but with the vertical axis scaled only by the a posteriori graphs, to make them more easily discernible. Clearly,
all curves converge in the southern hemisphere.
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Figure S8. Total a priori and a posteriori mismatch between the satellite and the model for all main inversions. A priori mismatch only rises
for the first two month of the inversion period and the reaches a plateau, pointing to the budget not being closed properly.

Table S1. Overview of key settings and approximations common to all presented experiments.

horizontal model resolution global: 6° x 4°, zooming region: 3° x 2°
vertical model resolution 34 hybrid layers, from surface pressure to 47.8 Pa, highest resolution in UTLS
zooming region 2°N-74° N and 174° W-174°E

spin-up inversion period 1 January 2018 — 1 July 2018 (6 months)
main inversion period 1 June 2018 — 1 January 2019 (7 months)
prior error: secondary CO 20 %

prior error: fossil fuel CO 10 %

prior error: biomass burning CO 100 %

correlation length: secondary CO 1000 km

correlation length: fossil fuel CO 2000 km

correlation length: biomass burning CO | 200 km

correlation time: secondary CO 9.5 months

correlation time: fossil fuel CO 9.5 months

correlation time: biomass burning CO 0.1 months

state resolution: secondary CO 1 month

state resolution: fossil fuel CO 1 month

state resolution: biomass burning CO 1 day

TROPOMI resolution up to 7 x 7km? (full) or 0.5° x 0.5° (gridded)
TROPOMI retrieval version v1.8/1v3

super-obs: latitudinal limits 89.93°S - 89.93°N

super-obs: correlation factor ¢ 15 %
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Figure S9. Same as above, but with the vertical axis scaled only by the a posteriori graphs, to make them more easily discernible. The
increased mismatch during the main burning season (Jul-Aug-Sep) due to the models inability to properly capture local biomass burning
events is clearly visible, especially in the station only inversion.
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Figure S10. Total error-weighted mismatch between model and satellite observations aggregated in 12° x 12° boxes and per month, divided by the corresponding mismatch of the
reference inversion for that month. Red areas signify a worse fit than the reference inversion and vice versa for blue.
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(a) June rel. secondary CO increment (apos/apri) (b) July rel. secondary CO increment (apos/apri)
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(c) August rel. secondary CO increment (apos/apri) (d) October rel. secondary CO increment (apos/apri)
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(e) November rel. secondary CO increment (apos/apri) (f) December rel. secondary CO increment (apos/apri)
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Figure S11. Global relative secondary CO emission increments resulting from the reference inversion for the remaining six months not
shown in the main text. Overall, the global pattern of increments an decrements are preserved over time, only the amplitudes differ slightly.
Most notably, the decrements in the remote northern hemisphere are more pronounced in the beginning of the inversion period, while those
in the southern hemisphere are more pronounced towards the end of the period. The differences are shown in more detail in Fig. S12.
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Figure S12. Differences in relative secondary CO emission increments resulting from the reference inversion between September (the month
shown in Fig. 7 of the main text) and the remaining six months not shown in the main text (see also Fig. S11 above). Note the smaller range
of the colorbar compared to Fig. S11. Interpretation of these plots is not trivial, since positive differences potentially imply a smaller/larger
deviation from the prior, if the relative increments are smaller/larger than 1, but the so do negative differences, if the relative increments are
larger/smaller than one. More details for the deviation from the prior are shown in Fig. S13.
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Figure S13. Differences in relative deviation from the prior for the secondary CO production for the reference inversion for September
(the month shown in Fig. 7 of the main text) and the remaining six months not shown in the main text (see also Fig. S11 above). Red
signifies areas were the relative increments deviate more from the prior than in September and vice versa for blue areas. Note that by taking
the absolute value of 1 minus the relative increments, this does not contain information about whether the emission were increasing or

decreasing anymore.
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Table S2. Station-wise mean error-weighted mismatch between flasks and model.

station .reference station only | satellite only | full satellite .noVIIRS . GFED
prior  poste poste poste poste prior poste | prior poste
ALT 871  5.08 3.55 22.03 4.63 9.62 593 | 16.10 4.47
ASC 250  1.63 1.21 2.07 1.59 252 211 327 2.88
ASK | 14.05 11.02 5.81 41.27 9.98 13.11  11.17 | 11.04 11.15
AZR | 53.37 6.76 8.98 5.47 7.11 37.55  7.09 | 31.39 6.42
BHD | 9.86 1.28 1.54 1.69 1.26 759 136 | 5.63 1.31
BKT 344 147 1.17 3.90 1.43 3.05 1.60 | 2.71 1.25
BMW | 2388 5.71 4.15 12.64 5.33 2090 6.15 | 19.18 6.78
BRW | 4.04 1.85 1.56 6.31 1.73 269 186 | 720 2.16
CBA | 19.66 3.98 3.51 14.69 3.74 1498 4.12 | 19.02 3.86
CGO | 405 0.38 0.35 0.57 0.42 291  0.39 1.72  0.40
CHR | 4126 1.46 0.98 3.35 1.37 3179 1.50 | 16.29 1.87
CIB 497 383 297 12.01 3.63 549 389 | 334 345
CPT 6.80  1.20 0.91 1.46 1.19 4.63 1.18 | 2.60 1.34
CRZ 7.60  1.12 1.06 1.20 1.17 5.02 1.17 | 255 1.13
DRP | 1440 0.32 0.38 0.49 0.40 933 033 | 461 035
EIC 597  6.46 6.54 11.48 6.41 5,60 640 | 582 6.33
GMI | 39.61 6.81 7.15 8.68 6.79 3521 6.84 | 29.80 6.77
HBA | 21.07 0.20 0.35 0.85 0.28 15.74 0.23 | 10.14 0.23
HPB | 26.14 5.16 4.42 29.76 4.99 3345 547 | 2661 585
ICE 16.67 4.68 3.36 17.21 4.24 1422 489 | 16.87 542
1ZO | 3354 7.23 6.12 17.70 6.89 29.68 7.82 | 2419 9.18
KEY | 50.72 17.03 16.12 24.36 16.48 4374 17.11 | 3946 17.78
KUM | 36.82 1.18 1.61 1.46 1.23 36.87 1.32 | 3290 1.24
LMP | 1939 4.16 4.58 9.60 4.05 1897 4.62 | 1581 5.65
MEX | 40.18 1.52 1.54 3.08 1.43 3433  1.58 | 2892 1.80
MHD | 26.77 5.27 5.65 8.26 5.31 19.87 529 | 21.78 5.36
MID | 39.63 8.99 8.75 11.51 8.86 34776 10.84 | 30.94 9.01
MLO | 49.19 141 1.59 1.76 1.43 42.89 154 | 3567 149
NAT 430 3.48 3.35 5.52 3.41 6.28  3.81 832 372
NMB | 6.60 299 3.13 3.56 3.00 633 3.13 | 552 3.01
NWR | 49.70 11.04 10.01 18.72 10.71 41.89 11.33 | 33.67 10.99
OXK | 1246 6.22 5.43 21.22 6.14 1798 6.75 | 1890 9.72
PAL 726 537 4.23 17.85 5.12 1144 588 | 11.33 7.62
PSA 7.09 0.28 0.26 0.39 0.27 432 028 | 202 0.28
RPB | 7227 4.60 4.88 10.67 4.56 60.80 4.54 | 5136 4.50
SEY 552 327 2.92 5.90 3.19 495 339 | 469 3.20
SHM | 540 1.36 1.58 6.96 1.32 6.68 1.52 | 525 1.06
SMO | 1842 0.51 0.52 0.98 0.49 1419 054 | 9.03 0.59
SPO | 1257 1.27 1.38 1.70 1.42 8.85 1.30 | 526  1.29
SUM | 13.85 3.63 2.78 10.36 3.57 1326 384 | 929 3.89
SYO 8.09 0.34 0.37 0.52 0.38 523 036 | 266 0.36
TIK 5.80  2.66 2.01 10.14 2.61 462 303 | 7.71 1.99
USH 578  0.68 0.64 0.57 0.61 325  0.67 1.37  0.67
ZEP 7.61 295 1.98 15.94 2.69 9.67 327 | 11.07 3.01



