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Figure E1. Spectral region of CO detection through the wildfire plume. The unique specific CO 4 

fingerprint absorption is shown (VCD = 5.21 x 1018 molecules cm-2), along with other interfering 5 

gases. The residual is shown in the top row (%rms = 1.01). The spectrum was recorded on 10 6 

October 2017 at 15:01 PDT (waypoint 3 in Figure 2). 7 
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Figure E2. Column sensitivity of CO for all solar zenith angles (SZA). The relevant range of data 9 

used in this study is 47° < SZA < 69°. 10 
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Figure E3. Pyrogenic emissions temporal variability. 15-minute Fire Radiative Energy (FRE, 12 

the time integral of FRP), integrated over N. CA fire region from 5 p.m. PDT = UTC - 7 on 9 Oct 13 

2017 to 11 p.m. PDT on 10 Oct 2017 from GOES-16, VIIRS, and MODIS; also shown are the 14 

daily mean, climatological, and GOES-16 diurnally varying emissions cycles. CU AirSOF CO 15 

emission estimates from T1 and T2 are also shown. 16 
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Figure E4. Air quality simulation sensitivity to pyrogenic emissions. Pyrogenic PM2.5 (μg m-3) 18 

(mean between 0 and 1.54 km a.g.l.) in WRF-Chem simulations using (a) constant or (b) 19 

climatologically diurnally varying fire emissions, and (c) the difference (a-b); pyrogenic O3 (ppbv) 20 

in WRF-Chem simulations using (d) constant or (e) climatologically diurnally varying fire 21 

emissions, and (f) the difference (d-e), at 3 p.m. PDT on 10 Oct 2017. The gray box shows the area 22 

averaged within the PBL to produce ΔO3 and ΔPM2.5 for Figure 3. 23 
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 25 

Figure E5. Column average time from emission. CO columns are the same as shown in Figure 26 

2; the time from emission is shown on the right axis, and taken from WRF-Chem simulations with 27 

4 km resolution, as the column average time from emission above the aircraft sampling altitude; 28 

aircraft altitude shown as thin black line (right axis) for T2. Results from the constant emissions 29 

simulations are depicted with lime green lines and from the climatological and GOES-16 diurnal 30 

variation simulations with blue and cyan lines, respectively.  31 
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 32 

Figure E6. Model wind speed and direction bias. Observed median values (solid blue lines) and 33 

17th and 83rd percentiles (dashed blue lines); model biases (red dots) and 17th and 83rd percentiles 34 

(red error bars) of 0-800 m a.g.l. (a) wind speed and (b) direction for WRF (meteorology-only) 35 

simulations using various model analyses as initial/boundary conditions (along the horizontal axes: 36 

horizontal grid spacing in km, name of model analysis used for initial/boundary conditions, and 37 

(in parentheses) the number of model grid points used in the comparison and r-coefficients for 38 

each model). 39 
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 40 

Figure E7. Meteorological profiles. Vertical profiles in columns (1) water vapor mixing ratio, 41 

(2) relative humidity, (3) temperature, and (4) virtual potential temperature in rows (1) aircraft 42 

ascent (1:04:07-1:24:39 p.m. PDT), (2) aircraft descent (2:02:19-2:15:03 p.m. PDT), (3) ascent 43 

(2:15:13-2:21:38 p.m. PDT), and (4) descent (2:34:05-2:49:24 p.m. PDT) on Oct. 10, 2017, as 44 

observed (black dots) and simulated with meteorology-only 4 km WRF (diamonds) with RAP 45 

(pink lines), NAM-ANL (blue lines), GFS (green lines), and ERA-Interim (red lines) input data.  46 
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Table E1a. Pyrogenic CO emissions (tonnes hr-1) based on CU AirSOF measurements at the T1 47 

and T2 emissions times, and from satellite-based model inventories (which provide daily total 48 

emissions) and CA state anthropogenic CO emissions, using GOES-16 or climatologicalb diurnal 49 

cycles to extrapolate model inventory diurnal mean values to the T1 and T2 emissions times. 50 

 T1 emissions time T2 emissions time  

CU AirSOF 425 ± 137 2040 ± 316  

  

GOES-16 

cycle 

extrapolation 

Clim. cycle 

extrapolation 

GOES-16 cycle 

extrapolation 

Clim. cycle 

extrapolation 

Diurnal 

Mean 

USFS Bluesky 1 

(generated May 

26, 2018)GL,43 1203  2888 4505 8758 6570 

NFEI 201750 1101 2643 4122 8014 6012 

HRRR-Smoke 2 

(generated Oct. 

15, 2018)MP,VP,51 670 1609 2509 4879 3660 

USFS Bluesky 2 

(generated Dec. 2, 

2018)GL,43 641 1539 2400 4665 3500 

GBBEPx v.1VP,53 549 1319 2057 3999 3000 

QFED v2.5MP,52 124 297 463 901 676 

3BEM 

v.1.8.3WL,ML,41 49 116 182 353 265 

FINN v.1.5ML,42 34 81 127 246 185 

HRRR-Smoke 1 

developmental 

(generated Oct. 

10, 2017)MP,VP,51 15 35 54 105 79 

CA  anthro. July 

weekday NEI 

201154 ---  ---  ---  ---  187 

a Satellite sources of fire location (bottom-up inventories) or FRP (top-down inventories) data are indicated with 51 
superscripts: GL (GOES-16 fire locations), GP (GOES-16 FRP), WL (WFABBA: GOES-15 fire locations), ML 52 
(MODIS fire locations), MP (MODIS FRP), VP (VIIRS 750 m FRP). Pyrogenic emissions from inventories and CA 53 
anthropogenic emissions were obtained as daily integrated values. 54 
b Some forecast models such as HRRR-Smoke use different diurnal cycles than the climatological one.  55 
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Table E2. CU AirSOF and model emissions error budgets. 56 

CU AirSOF   

 T1 T2 

CO mass flux (tonnes hr-1) 425 ± 137 2040 ± 316 

Typical CO VCD in the plume (1018 molec cm-2) 3.02 ± 0.09 4.32 ± 0.12 

CO VCD background (1018 molec cm-2) 2.26 ± 0.07 2.50 ± 0.07 

CO ΔVCD average (1018 molec cm-2) 0.76 ± 0.09 1.82 ± 0.12 

Wind speed (m/s) 4.9 ± 1.0 7.4 ± 1.0 

Wind direction (deg) 171 ± 10 212 ± 10 

CO mass flux uncertainty (%) 32 16 

CO ΔVCD integral uncertainty (%) 3.3 3.1 

      - CO fit error (%) (2σ) 2.2 

      - CO cross section uncertainty (%) 2.0 

      - CO background uncertainty (%) 1.5 0.9 

Wind speed error (%) 20. 14 

Wind direction error (%) 25 6.0 

   

EFa uncertainty (%) 29 

FRE uncertainty (%) 16 

𝛼 uncertainty (%) 72 

Emissions uncertainty (%) 79 

aCalculated from mean and standard deviation CO EFs48  57 
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Table E3. Comparison of α, β, and EF values based on CU AirSOF measurements and literature 58 

values for different ecosystems. Values calculated from observations in this study are shaded in 59 

dark gray, and literature values for vegetation types relevant to this study are shaded in light gray. 60 

   α (g CO MJ-1)a β (kg dry matter MJ -1)b CO EF (g CO (kg dry 

matter)-1)c 

CU AirSOF 

measurements 

      

  T1 (GOES-16)d 167 ± 54    2.42 ± 0.78 

  

  

  T2 (GOES-16) 149 ± 23 2.16 ± 0.33   

  T2 (MODIS) 73 ± 11 1.06 ± 0.16   

Literature valuese       

   Savannah / grassland 54 ± 16 0.78 69 ± 20 

   Extratropical /      

temperate forest 

55 ± 25 0.49 113 ± 50 

   Extratropical forest w/ 

organic soil / boreal forest 

188 ± 73 1.55 121 ± 47 

   Agriculture 22 ± 16 0.29 76 ± 55 

   Tropical forest 100 ± 37 0.96 104 ± 39 

   Peat 1530 ± 135 5.87 260 ± 23 

a CU AirSOF values calculated from CU AirSOF CO emission fluxes and satellite FRE; literature values calculated from literature 61 
values and CO EFs 62 
b CO EF of 69 g kg-1, an average value for savannah/grassland48, was used to convert CU AirSOF α to β. 63 
c Mean, and standard deviation (error bars), CO EF values from the literature48. 64 
d The afternoon MODIS overpass time on Oct. 10, 2017 coincided with the T2 emission time; no coincident MODIS observations 65 
were available for T1 (see Extended Data Figure E3). 66 
e β values for land use categories savannah, agriculture, tropical forest, peat, extratropical forest, and extratropical forest w/ organic 67 
soil7 correspond to EF values for land use categories savannah/grassland, agricultural residues (open), tropical forest, peat fires, 68 
temperate forest, and boreal forest48. 69 


