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Figure S1. Gas system diagram for airborne trace gas analyzer used on both aircraft during
all ACT-America campaigns.
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Figure S2. Sensitivity tests of frequency of fit ACO/ACO; slopes during the winter 2017
deployment. (a) Raw frequency and (b) bin-normalized frequency with respect to different
r? cutoff levels at a constant bin width of 60 s. (c) Raw frequency and (d) bin-normalized
frequency normalized by total number of bins with respect to different bin window sizes
at a constant r# cutoff of 0.6.
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Figure S3. Sensitivity tests of ACO;-weighted frequency of fit ACO/ACO:; slopes during
the winter 2017 deployment. (a) ACO,-weighted frequency and (b) ACO,-weighted bin-
normalized frequency with respect to different r? cutoff levels at a constant bin width of
60 s. (c) ACO,-weighted frequency and (d) ACO-weighted bin-normalized frequency with

respect to different bin window sizes at a constant r* cutoff of 0.6.
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Figure S4. MODIS 1 km fire counts (dots) and FRP in MW (dot color) on flight dates within
50 km of flight track when below 1 km AGL separated by season and region. Colored boxes
denote the different flight regions (Mid-Atlantic: blue, Midwest: red, South: green).
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Figure S5. VIIRS 375 m fire counts (dots) and FRP in MW (dot color) on flight dates within
14 km of flight track when below 1 km AGL altitude separated by season and region.
Colored boxes denote the different flight regions (Mid-Atlantic: blue, Midwest: red, South:
green).



ACO: ACO2 NWF

Season Region FF BB
0-0.5% 0.5-1% 1-2% 2-4% > 4%

All 92.92+2.90% 5.75+0.30% 1.15+£0.21 % 0.13+0.06% 0.04+0.02%

Summer | Mid-Atlantic 93.17+£5.48% 5.67+0.67% 0.92+0.34% 0.11+0.06% 0.12+0.04%
2016 Midwest 94.14+4.25% 4.48+0.74% 1.21£042% 0.17+0.06% 0.0002:+0.0006%

South 92.24+2.84% 6.36+0.50% 1.26+0.30% 0.12+0.09% 0.02+0.03%

All 79.62+1.46% 15.97+1.94% 3.60+0.62% 0.55+0.24% 0.26+0.10%

Fall Mid-Atlantic 87.84+2.44% 10.03+1.21% 1.89+0.74% 0.21+0.12% 0.03+0.03%

2017 Midwest 70.394£2.92% 21.85+3.41% 6.67+1.31% 0.78+0.25% 0.31+0.08%

South 76.95+1.69% 18.26+2.19% 3.61+0.69% 0.75+0.45% 0.43+0.23%

All 55.12+2.27% 32.51+3.55% 6.30+0.82% 1.84+0.63% 4.23+0.68%

Winter Mid-Atlantic 36.02+4.87% 56.38+6.93% 5.98+1.81% 1.51+0.51% 0.11+0.15%

2017 Midwest 77.32+4.48% 15.87+2.22% 3.24+1.38% 0.91+0.52% 2.65+0.65%

South 51.71+2.81% 25.65+1.79% 9.79+1.21% 3.06+0.93% 9.80+1.68%

All 69.34+5.16% 20.99+4.48% 4.42+0.54% 2.35+0.95% 2.89+0.83%

Spring Mid-Atlantic 68.37+7.72% 26.90+8.11% 4.32+0.61% 0.33+0.21% 0.08+0.09%

2018 Midwest 82.34+4.60% 13.24+£1.57% 3.27+1.36% 0.85+0.54% 0.29+0.26%

South 58.32+7.57% 18.13+2.63% 5.66+1.15% 7.37+2.64% 10.51+2.81%

Table S1. Positive NWF values from airborne ACO:ACO; ratios separated combustion
regime.



ACO/ACO,; NWF

. FF BB
Season | Region < 0% 0-0.5% 0.5-1% 1-2% 2-4% > 4%
All 36.48+2.86% | 59.0242.90% | 3.66+030% | 073+0.21% | 0.08+0.06% | 0.03+0.02%
Summer Ai\fa':;ic 50.9345.89% | 45.72+548% | 2.78+0.67% | 0.46+0.34% | 0.05+0.06% | 0.06+0.04%
2016 T\ lidwest | 48.86:4.19% | 48.142425% | 229:074% | 062:042% | 0.09£0.06% | 0.00020.001%
South | 11.86%2.77% | 8130+2.84% | 5614050% | 1.11£0.30% | 0.11£0.09% | 0.01+0.03%
All 445+151% | 76.08+146% | 1526+194% | 344+062% | 0.53+024% | 0.25+0.10%
Fall Ai\fa':;ic 833+167% | 80.52+2.44% | 9204121% | 173+075% | 0.1940.12% | 0.03+0.03%
2017 Vidwest | 333£191% | 68.04:292% | 2112:341% | 6455131% | 0762025% | 03020.08%
South | 145:1.19% | 7584%1.69% | 17.99+2.19% | 3.56+0.70% | 0.74+045% | 043+0.23%
All 120£0.95% | 5446+227% | 32.114355% | 6.22+0.82% | 1.82+063% | 4.18+0.68%
Winter Ai\fa':;ic 11340.89% | 35.61+4.87% | 55.74+6.93% | 592+181% | 149+0.51% | 0.11+0.15%
2017 Vlidwest | 0782074% | 76.72:448% | 1575:2.20% | 3.224138% | 0902052% | 2.630.65%
South | 1.68+134% | 50.84+2.81% | 2522+179% | 9.62+121% | 3.01£0.93% | 9.63+1.68%
All 16.06£2.19% | 5820+5.16% | 17.62+4.48% | 3.714054% | 197+095% | 2.43+0.83%
Spring A't\l/'a':t'ic 19234272% | 552247.72% | 21.73+8.11% | 3.49+0.61% | 0.27+0.21% | 0.06+0.09%
2018 " \lidwest | 573:341% | 77.64:460% | 1248:157% | 3.082136% | 0.8020.54% | 02820.26%
South | 18.58+1.75% | 47.49+7.57% | 14.76+2.63% | 461+1.15% | 6.00+2.64% | 8.56+2.81%

Table S2. All NWF values from airborne ACO:ACO; ratios separated combustion regime.




Season Summer Fall
Region All MA MW S All MA MW S
Total CO2 (mol km™ hr') 3107 3571 2231 3724 3210 4963 2528 2306
Electrical Production (%) 40 41 29 47 47 49 47 42
Onroad (%) 36 39 44 28 27 25 28 31
Industrial (%) 12 8.2 9.3 17 11 10 5.7 16
Commercial (%) 1.6 1.6 2.5 0.9 5.6 6.2 7.0 2.8
Nonroad (%) 5.7 57 8.9 35 33 2.7 4.6 3.2
Residential (%) 1.0 1.3 14 0.6 3.8 4.1 5.0 2.1
Rail (%) 1.0 0.3 2.5 0.4 0.8 0.3 1.8 0.5
Airport (%) 1.6 14 2.2 14 1.1 0.8 1.2 1.7
CMV (%) 0.7 1.6 0.0 0.5 0.7 0.9 0.0 0.9
Cement (%) 0.3 0.8 0.2 0.1 0.4 0.3 0.9 0.1
Season Winter Spring
Region All MA MW S All MA MW S
Total CO, (mol km™ hr'") 3031 4091 1966 3190 2625 3369 2054 2427
Electrical Production (%) 36 40 19 41 32 35 25 36
Onroad (%) 32 33 39 28 41 43 45 32
Industrial (%) 13 6.8 12 21 13 8.3 11 23
Commercial (%) 6.6 7.3 12 2.5 2.8 2.8 39 1.7
Nonroad (%) 4.1 4.1 6.5 2.6 5.6 52 7.7 3.9
Residential (%) 4.5 52 7.8 1.7 2.2 2.7 2.7 0.9
Rail (%) 0.9 0.4 2.5 0.5 0.9 0.5 2.0 0.5
Airport (%) 1.6 14 1.9 1.6 1.8 1.6 2.1 1.6
CMV (%) 1.1 1.7 0.0 1.2 0.6 0.9 0.0 0.7
Cement (%) 0.1 0.3 0.1 0.0 0.2 0.2 0.3 0.1

Table S3. All average Vulcan emission values along separated by sector, season, and
region (MA:Mid-Atlantic, MW:Midwest, S:South). Individual sector percent contributions
are relative to the total CO; emission in the top row.
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	0.5 – 1%
	0 – 0.5%
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	0.13±0.06%
	1.15±0.21 %
	5.75±0.30%
	92.92±2.90%
	All
	0.12±0.04%
	0.11±0.06%
	0.92±0.34%
	5.67±0.67%
	93.17±5.48%
	Mid-Atlantic
	Summer 2016
	0.0002±0.0006%
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	Fall2017
	0.31±0.08%
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	2.35±0.95%
	4.42±0.54%
	20.99±4.48%
	69.34±5.16%
	All
	0.08±0.09%
	0.33±0.21%
	4.32±0.61%
	26.90±8.11%
	68.37±7.72%
	Mid-Atlantic
	Spring
	0.29±0.26%
	0.85±0.54%
	3.27±1.36%
	13.24±1.57%
	82.34±4.60%
	Midwest
	2018
	10.51±2.81%
	7.37±2.64%
	5.66±1.15%
	18.13±2.63%
	58.32±7.57%
	South
	Table S1. Positive NWF values from airborne ΔCO:ΔCO2 ratios separated combustion regime.
	ΔCO/ΔCO2 NWF
	BB
	FF
	Region
	Season
	> 4%
	2 – 4%
	1 – 2%
	0.5 – 1%
	0 – 0.5%
	< 0%
	0.03±0.02%
	0.08±0.06%
	0.73±0.21%
	3.66±0.30%
	59.02±2.90%
	36.48±2.86%
	All
	Mid-Atlantic
	0.06±0.04%
	0.05±0.06%
	0.46±0.34%
	2.78±0.67%
	45.72±5.48%
	50.93±5.89%
	Summer 2016
	0.000±0.001%
	0.09±0.06%
	0.62±0.42%
	2.29±0.74%
	48.14±4.25%
	48.86±4.19%
	Midwest
	0.01±0.03%
	0.11±0.09%
	1.11±0.30%
	5.61±0.50%
	81.30±2.84%
	11.86±2.77%
	South
	0.25±0.10%
	0.53±0.24%
	3.44±0.62%
	15.26±1.94%
	76.08±1.46%
	4.45±1.51%
	All
	Mid-Atlantic
	0.03±0.03%
	0.19±0.12%
	1.73±0.75%
	9.20±1.21%
	80.52±2.44%
	8.33±1.67%
	Fall2017
	0.30±0.08%
	0.76±0.25%
	6.45±1.31%
	21.12±3.41%
	68.04±2.92%
	3.33±1.91%
	Midwest
	0.43±0.23%
	0.74±0.45%
	3.56±0.70%
	17.99±2.19%
	75.84±1.69%
	1.45±1.19%
	South
	4.18±0.68%
	1.82±0.63%
	6.22±0.82%
	32.11±3.55%
	54.46±2.27%
	1.20±0.95%
	All
	Mid-Atlantic
	0.11±0.15%
	1.49±0.51%
	5.92±1.81%
	55.74±6.93%
	35.61±4.87%
	1.13±0.89%
	Winter2017
	2.63±0.65%
	0.90±0.52%
	3.22±1.38%
	15.75±2.22%
	76.72±4.48%
	0.78±0.74%
	Midwest
	9.63±1.68%
	3.01±0.93%
	9.62±1.21%
	25.22±1.79%
	50.84±2.81%
	1.68±1.34%
	South
	2.43±0.83%
	1.97±0.95%
	3.71±0.54%
	17.62±4.48%
	58.20±5.16%
	16.06±2.19%
	All
	Mid-Atlantic
	0.06±0.09%
	0.27±0.21%
	3.49±0.61%
	21.73±8.11%
	55.22±7.72%
	19.23±2.72%
	Spring
	2018
	0.28±0.26%
	0.80±0.54%
	3.08±1.36%
	12.48±1.57%
	77.64±4.60%
	5.73±3.41%
	Midwest
	8.56±2.81%
	6.00±2.64%
	4.61±1.15%
	14.76±2.63%
	47.49±7.57%
	18.58±1.75%
	South
	Table S2. All NWF values from airborne ΔCO:ΔCO2 ratios separated combustion regime.
	Fall
	Summer
	Season
	S
	MW
	MA
	All
	S
	MW
	MA
	All
	Region
	2306
	2528
	4963
	3210
	3724
	2231
	3571
	3107
	Total CO2 (mol km1 hr-1)
	42
	47
	49
	47
	47
	29
	41
	40
	Electrical Production (%)
	31
	28
	25
	27
	28
	44
	39
	36
	Onroad (%)
	16
	5.7
	10
	11
	17
	9.3
	8.2
	12
	Industrial (%)
	2.8
	7.0
	6.2
	5.6
	0.9
	2.5
	1.6
	1.6
	Commercial (%)
	3.2
	4.6
	2.7
	3.3
	3.5
	8.9
	5.7
	5.7
	Nonroad (%)
	2.1
	5.0
	4.1
	3.8
	0.6
	1.4
	1.3
	1.0
	Residential (%)
	0.5
	1.8
	0.3
	0.8
	0.4
	2.5
	0.3
	1.0
	Rail (%)
	1.7
	1.2
	0.8
	1.1
	1.4
	2.2
	1.4
	1.6
	Airport (%)
	0.9
	0.0
	0.9
	0.7
	0.5
	0.0
	1.6
	0.7
	CMV (%)
	0.1
	0.9
	0.3
	0.4
	0.1
	0.2
	0.8
	0.3
	Cement (%)
	Spring
	Winter
	Season
	S
	MW
	MA
	All
	S
	MW
	MA
	All
	Region
	2427
	2054
	3369
	2625
	3190
	1966
	4091
	3031
	Total CO2 (mol km1 hr-1)
	36
	25
	35
	32
	41
	19
	40
	36
	Electrical Production (%)
	32
	45
	43
	41
	28
	39
	33
	32
	Onroad (%)
	23
	11
	8.3
	13
	21
	12
	6.8
	13
	Industrial (%)
	1.7
	3.9
	2.8
	2.8
	2.5
	12
	7.3
	6.6
	Commercial (%)
	3.9
	7.7
	5.2
	5.6
	2.6
	6.5
	4.1
	4.1
	Nonroad (%)
	0.9
	2.7
	2.7
	2.2
	1.7
	7.8
	5.2
	4.5
	Residential (%)
	0.5
	2.0
	0.5
	0.9
	0.5
	2.5
	0.4
	0.9
	Rail (%)
	1.6
	2.1
	1.6
	1.8
	1.6
	1.9
	1.4
	1.6
	Airport (%)
	0.7
	0.0
	0.9
	0.6
	1.2
	0.0
	1.7
	1.1
	CMV (%)
	0.1
	0.3
	0.2
	0.2
	0.0
	0.1
	0.3
	0.1
	Cement (%)
	Table S3. All average Vulcan emission values along separated by sector, season, and region (MA:Mid-Atlantic, MW:Midwest, S:South). Individual sector percent contributions are relative to the total CO2 emission in the top row.

