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Figure S1. Map showing the tropical and subarctic masks created using selected Köppen climate classifications. These masks were used to 15 
differentiate between tropical, temperate and boreal biomes by using MODIS IGBP land categories. The result is shown in figure X. The 
locations of the gas flares from Elvidge et al. (2015) are also shown as red dots. These gas flares are removed from all the hotspot 
detections from VIIRS. 
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 20 
Figure S2. Monthly averaged aerosol optical depth at 550 nm from (a) MODIS MAIAC C6, (b) WRF-VFEI, (c) CAMS reanalysis and (d) 
MERRA-2 reanalysis during September 2016. (e) number of observations per grid point weighted in the final average for each dataset. 
Panels (f-h) show the mean monthly bias from each dataset with respect to MODIS MAIAC C6. Gray areas represent grid points with no 
observations during the period. 
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Figure S3. Aerosol optical depth at 550 nm from (a) MODIS MAIAC C6, (b) WRF-VFEI, (c) CAMS reanalysis and (d) MERRA-2 
reanalysis averaged between 22 July and 10 August 2019. (e) number of observations per grid point weighted in the final average for each 
dataset. Panels (f-h) show the mean monthly bias from each dataset with respect to MODIS MAIAC C6. Gray areas represent grid points 
with no observations during the period. 30 
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Figure S4. Same as in figure S3 but focusing on the inner domain of the simulation. The period averaged here is 6-9 August 2019, aiming 
on the Williams Flats fire event. 
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Figure S5. Tracks of the flights conducted during ORACLES 2016 using the P-3 plane used to evaluate the model simulations in this 
study. Colors represent the time (UTC) of each flight. Most of these flights were “routine” flights that consisted of a fixed track (in- and 
outbound). E.g.: 31 August, 04, 08,10, 12 and 25 September. The altitude of each of these flights is shown in figure S2.  
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 40 
Figure S6. Altitudes (km.a.s.l.) of the flights conducted during ORACLES 2016 using the P-3 plane. These flights were used to evaluate 
the model simulations from this study. Colors represent the time (UTC) of each flight. The track of each flight is shown in figure S5.  
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Figure S7. Observed vs. modelled (WRF-VFEI) carbon monoxide (ppbv) from the flights conducted with the P-3 plane during ORACLES 
2016 shown as time series. Each plot shows a different flight day. Some statistics are presented in the corner top left of each plot: number 45 
of points (N), correlation coefficient (R), mean bias (MB), normalized mean bias (NMB) and root-mean-squared error (RMSE). The 
continuous gray line represents the flight altitude in km that can be read in the right axis. 
  

08 09 10 11 12 13 14
0

100

200

300
C

O
 p

pb
v

0

2

4

6

8
(a) 27 Aug 2016
N=354 R=0.387 MB=-32.775
NMB=-0.287 RMSE=37.301

08 09 10 11 12 13 14 15 16
0

100

200

300

0

2

4

6

8
(b) 31 Aug 2016
N=425 R=0.664 MB=-31.840
NMB=-0.199 RMSE=62.428

07 08 09 10 11 12 13 14 15
0

100

200

300

400

0

2

4

6

8

Pl
an

e 
al

tit
ud

e 
km

(c) 02 Sep 2016
N=430 R=0.665 MB=-55.116
NMB=-0.300 RMSE=71.146

08 09 10 11 12 13 14 15
0

200

400

600

800

C
O

 p
pb

v

0

2

4

6

8
(d) 04 Sep 2016
N=422 R=0.746 MB=-31.801
NMB=-0.206 RMSE=58.109

07 08 09 10 11 12 13 14
0

100

200

300

400

0

2

4

6

8
(e) 06 Sep 2016
N=421 R=0.800 MB=-25.552
NMB=-0.170 RMSE=52.515

07 08 09 10 11 12 13 14 15
0

100

200

300

400

0

2

4

6

8

Pl
an

e 
al

tit
ud

e 
km

(f) 08 Sep 2016
N=430 R=0.525 MB=-36.530
NMB=-0.292 RMSE=55.843

08 09 10 11 12 13 14 15
0

100

200

300

C
O

 p
pb

v

0

2

4

6

8
(g) 10 Sep 2016
N=426 R=0.925 MB=-13.563
NMB=-0.113 RMSE=31.288

08 09 10 11 12 13 14 15 16
0

100

200

300

0

2

4

6

8
(h) 12 Sep 2016
N=442 R=0.830 MB=-13.517
NMB=-0.156 RMSE=24.084

08 09 10 11 12 13 14 15 16
0

100

200

300

0

2

4

6

8

Pl
an

e 
al

tit
ud

e 
km

(i) 14 Sep 2016
N=429 R=0.919 MB=-19.429
NMB=-0.147 RMSE=36.354

07 08 09 10 11 12 13 14 15
0

100

200

300

400

C
O

 p
pb

v

0

2

4

6

8
(j) 18 Sep 2016
N=432 R=0.884 MB=-14.809
NMB=-0.096 RMSE=35.341

07 08 09 10 11 12 13 14 15
0

200

400

0

2

4

6

8
(k) 20 Sep 2016
N=434 R=0.770 MB=-20.013
NMB=-0.131 RMSE=52.335

07 08 09 10 11 12 13 14 15 16
Hour UTC

0

100

200

300

0

2

4

6

8

Pl
an

e 
al

tit
ud

e 
km

(l) 24 Sep 2016
N=489 R=0.883 MB=-46.201
NMB=-0.261 RMSE=56.158

08 09 10 11 12 13 14 15 16
Hour UTC

0

100

200

300

C
O

 p
pb

v

0

2

4

6

8
(m) 25 Sep 2016
N=466 R=0.464 MB=-66.288
NMB=-0.390 RMSE=86.434

12 13 14 15 16 17 18
Hour UTC

0

100

200

300

0

2

4

6

8
(n) 27 Sep 2016
N=378 R=0.856 MB=-19.433
NMB=-0.206 RMSE=25.461

Observation
WRF-VFEI
Plane altitude

Legend:



9 
 

 
Figure S8. Tracks of the flights conducted during FIREX-AQ using the DC-8 plane used to evaluate the model simulations in this study. 50 
Colors represent the time (UTC) of each flight. The date shown at the top of each plot represents the begin date (UTC) of each flight. The 
altitude of each of these flights is shown in figure S9. 
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Figure S9. Altitudes (km.a.s.l.) of the flights conducted during FIREX-AQ using the DC-8 plane. These flights were used to evaluate the 55 
model simulations from this study. Colors represent the time (UTC) of each flight. The date shown at the top of each plot represents the 
begin date (UTC) of each flight. The track of each of these flights is shown in figure S8. 
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Figure S10. Observed vs. modelled (WRF-VFEI) carbon monoxide (ppbv) from the flights conducted with the DC-8 plane during FIREX-60 
AQ shown as time series. Each plot shows a different flight day. Some statistics are presented in the corner top left of each plot: number of 
points (N), correlation coefficient (R), mean bias (MB), normalized mean bias (NMB) and root-mean-squared error (RMSE). The 
continuous gray line represents the flight altitude in km that can be read in the right axis. 
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