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Sect. S1. Further details on BBOP instrumentation
The Fast Integrated Mobility Spectrometer (FIMS) characterizes particle sizes based on

electrical mobility similar to the operating principle of the scanning mobility particle sizer
(SMPS). Because the FIMS measures particles of different sizes simultaneously instead of
sequentially as in traditional SMPS, it provides aerosol size distribution with a much higher time
resolution at 1 Hz (Wang et al., 2017). The relative humidity of the aerosol sample was reduced
to below ~25% using a Nafion dryer before being introduced into the FIMS. Therefore, the
measured size distributions represented that of the dry aerosol particles. The particle number
concentration integrated from FIMS size distribution typically agrees with the CPC 3010
(Condensation Particle Counter) measurement (Kleinman et al., 2020) within ~ 15% when size
distribution suggests that particles smaller than 20 nm contribute negligibly to the total number
concentration. Thus, we estimate the uncertainty in the FIMS number concentration to be ~15%.
The uncertainty in measured particle size is about 3% (Wang et al., 2017).

The Soot Particle Aerosol Mass Spectrometer (SP-AMS) is thoroughly detailed in
Kleinman et al. (2020). Although it was not directly characterized for uncertainties during the
BBOP campaign, we estimate uncertainties as follows. The AMS uncertainty is estimated
following the methods in (Bahreini et al. 2009) (first equation of their supplemental
information), leading to 37% uncertainty for organics. The laser vaporizer adds additional
uncertainty up to 20%. Thus summing the uncertainties in quadrature leads to a 42% uncertainty
in organics. The Soot Photometer (SP2) had an uncertainty of 20%.

CO measurement uncertainties are detailed in Kleinmen et al. (2020): the Off-Axis
Integrated Cavity Output Spectroscopy was found to have an accuracy of 1-2%, and the
precision at ambient backgrounds of 90 ppb was 0.5 ppbv RMS (using a 1 second averaging).

An SPN1 radiometer (Badosa et al., 2014; Long et al., 2010) measured total shortwave
irradiance, with a shaded mask applied following Badosa et al. (2014). The data was corrected
for tilt up to 10 degrees of tilt, following Long et al. (2010). For tilt greater than 10 degrees these
values are set to "bad". Instrument uncertainties are detailed in Badosa et al. (2014).

The Soot Particle – Aerosol Mass Spectrometer (SP-AMS) operating on the DOE G1
aircraft during BBOP has been described in detail by Collier et al. (2016), Sedlacek et al. (2018),
and Kleinman et al. (2020). The SP-AMS sampled PM1 through a constant pressure inlet
operating at a pressure of ∼620 Torr (Bahreini et al., 2008). The SP-AMS was equipped with
dual vaporizers: (1) standard resistively heated tungsten vaporizer; and (2) 1064 nm intracavity
laser vaporizer (Onasch et al., 2012). The standard tungsten vaporizer was operated at a nominal
value of 600oC for the full data set. The SP-AMS operating with the laser vaporizer OFF is
effectively the same as a standard HR-AMS, measuring non-refractory particulate matter
(NR-PM). The SP-AMS operating in dual vaporizer mode, with both the standard tungsten
vaporizer and the laser vaporizer ON measures the NR-PM and is additionally sensitive to
refractory black carbon (rBC).
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Flight data was collected at a rapid rate using “Fast-MS” in V-mode (i.e., mass spectral
resolution ~2000) with 1 second sample time, with negligible particle time-of-flight (PTOF) data
(DeCarlo et al., 2006; Lack et al., 2009). The pulsed, orthogonal extraction time-of-flight mass
spectrometer (TOF-MS) was operated with a 60 µs pulser period and collected mass spectra from
m/z 11 to m/z 955. “Fast-MS” data was collected in open (i.e., sample) mode for 52 seconds and
in closed (i.e., background) mode for 8 seconds every minute. The laser vaporizer was operated
by either automatically alternated laser ON and OFF each minute or manually sampling with the
laser ON or OFF for long periods of time, such as full plume transects. The majority of the data
(>76%) was collected in dual vaporizer mode (i.e., laser on).

The SP-AMS was calibrated for NR-PM with ammonium nitrate and for rBC with Regal
black 8 independent times during BBOP. The average ionization efficiency (IE) with respect to
ammonium nitrate was measured to be 8.1e-8 and the relative ionization efficiency (RIE) of rBC
was measured to be 0.28, although the rBC from the SP-AMS was not used in this study.

Collier et al. (2016) determined the SP-AMS laser OFF collection efficiency (CE) to be
0.5 through comparisons with an independent HR-AMS located at the Mount Bachelor
Observatory during over-flights. SP-AMS measured NR-PM values collected with the laser ON
and OFF were compared for 16 different biomass burning plumes (Sedlacek et al., 2018;
Kleinman et al., 2020). In each case, the plume was sampled with the laser ON and with the laser
OFF, independently, and the measured plume NR-PM was normalized to CO to account for
potential changes in the plume dilution between transects. The average ratio for NR-PM laser
ON to laser OFF was 1.52. From these results, the average CE of NR-PM measured with the
laser ON to be 0.76 with a standard deviation of 0.07 (Sedlacek et al., 2018; Kleinman et al.,
2020). There is substantial evidence in the published literature for the CE of the tungsten
vaporizer (Lim et al., 2019) and the laser vaporizer (Willis et al., 2014) to change as a function of
chemical composition and rBC coating thickness. Unfortunately for various reasons, instrument
comparisons of measurements of PM1 mass loading concentrations were very limited during
BBOP, such that there does not exist a useful estimate of a changing CE for either SP-AMS
vaporizer with changing plume conditions.

The SP-AMS data was analyzed using ToF-AMS Analysis Toolkit 1.61B and ToF-AMS
HR Analysis 1.21B in Igor Pro. Gas phase carbon dioxide (CO2) was directly measured on the
G1 aircraft and was used to subtract gas phase contributions to CO2

+ ion signal in the SP-AMS.
SP-AMS standard NR-PM chemical species (i.e., Org, SO4, NO3, NH4, Chl) were calculated
using high resolution (HR) fits. f44 and f60 are unit mass resolution (UMR) ratios, whereas O:C
ratios were derived using HR fits. Although it was not directly characterized for uncertainties
during the BBOP campaign, we estimate uncertainties as follows. The AMS uncertainty is
estimated following the methods in (Bahreini et al. 2009) (first equation of their supplemental
information), leading to 37% uncertainty for organics. The laser vaporizer adds additional
uncertainty up to 20%. Thus summing the uncertainties in quadrature leads to a 42% uncertainty
in organics. (The Soot Photometer (SP2) had an uncertainty of 20%.)
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We further analyzed the UMRs and the potential for laser ON specific ion signals to
interfere with laser OFF NR-PM ion signals with the SP-AMS data. The chemical composition
of the measured wildfire plumes during BBOP were > 90% NR-PM organic material (Collier et
al., 2016; Kleinman et al., 2020). rBC mass fractions were typically below 2% (Kleinman et al.,
2020), though the number fractions were higher (Sedlacek et al., 2018). Despite these low
concentrations, the SP-AMS laser ON (relative to laser OFF) was observed to generate Cn

+ ion
signals with an identifiable fragmentation pattern for rBC material and the laser ON to OFF
NR-PM signal was observed to increase by ~50% on average. Similar results have been
published for ambient urban aerosol (e.g., Lee et al. 2015). Recent laboratory work to investigate
these issues has eliminated laser alignment issues and indirect heating as potential causes for
these observations (Avery et al., 2020). Thus, these observations are likely due to a combination
of different collection efficiencies (CEs) and relative ionization efficiencies (RIEs) for the two
vaporizers when used in dual vaporizer mode (i.e., laser ON).

The HR ion signals at m/z 44 are dominated by CO2
+ and C2H4O+ ions (Fig. S31). The

ratio of C2H4O+/CO2
+ increases with plume mass loading (i.e., concentration) and decreases with

distance from the fire (Fig. S31), inline with the observations reported here for decreases in
oxidation levels as a function of dilution. The HR ion signals at m/z 60 are dominated by
C2H4O2

+ and C5
+ (Fig. S32). HR fitting of C5

+ indicated that it averaged ~6% of the C2H4O2
+ ion

signal, independent of the laser vaporizer state (i.e., ON or OFF). For large C2H4O2
+ ion signals

in relatively undiluted biomass burning plumes, this ratio is likely controlled by the errors in
fitting a small peak in the wings of a larger peak (Corbin et al., 2014). At lower ion signal levels,
the C5

+/ C2H4O2
+ becomes significantly noisier, but the average does not change significantly.

Laser ON may slightly increase the average ratio at lower C2H4O2
+ ion signals, which could

overestimate f60 for relatively dilute plumes. If this were true, the observed decrease in f60 with
plume dilution (i.e., due to fire size and atmospheric age) would be slightly smaller than reported
here.

Past research on SP-AMS ion signals from the laser vaporizer and the standard tungsten
vaporizer have identified several complicating factors when operating the SP-AMS in dual
vaporizer mode. First, organic material coating rBC particles and detected using the laser
vaporizer have noted different fragmentation patterns (Onasch et al., 2012) and chemical
compositions (Canagaratna et al., 2015) compared with the same organic material detected using
the standard tungsten vaporizer. Further, there are reports of SP-AMS laser vaporizer detecting
refractory CO2

+ ions from rBC particles (Corbin et al., 2014). Currently, we have not assessed the
potential for refractory CO2

+ ion signals during BBOP as both the rBC and Org signals are highly
correlated in biomass burning plumes, making minor changes to these ratios difficult to ascertain.
To address the question of whether the laser vaporizer generated different ion signals from
similar organic compounds, we analyzed the laser ON and OFF plume transect pairs that were
used for determining laser ON CE values relative to laser OFF.



As shown in Fig. S33, the HR O:C, UMR f44, and UMR f60 ratios are highly correlated
between laser ON and OFF conditions, though differ by apparent factors. Laser ON HR O:C
ratios are approximately 4% lower than laser OFF. In large part, this is due to the UMR f44 ratios,
which are dominated by CO2

+ ions, being 17% lower for laser ON. UMR f60 ratios are 18%
higher in laser ON than OFF. These observations are in line with the published results from
Canagaratna et al., (2015), which observed that laser vaporizer only HR O:C ratios were ~17%
lower than tungsten vaporizer only HR O:C ratios for the same organic material and the HR H:C
ratios were ~16% higher. In the case of BBOP, the laser vaporizer signals represented
approximately 1/3 of the total organic signal with dual vaporizers. The BBOP measured 4%
lower HR O:C ratios are similar in magnitude to 5.6% (i.e., 0.33*17%) expected if the
Canagaratna et al. (2015) results applied to BBOP measurements.

The BBOP SP-AMS data used in this manuscript is used to measure trends in OA. O:C,
f44, and f60 with plume dilution, either at different plume ages and/or different concentration
percentiles across a biomass plume (i.e., edge vs. center). A question is whether the mixing of
laser ON and OFF data here somehow biases the results due to the different absolute values
between the two different states. A quick extension of the above plume pair analysis (Fig. S33)
includes several “background” measurements made between the plumes (i.e., below 150 ppbv
CO) and compared for laser ON vs. OFF to investigate if this ratio changes substantially between
plume (i.e., high level) and background (i.e., low level) levels. The laser ON:OFF ratios of
measured HR O:C averaged 0.95±0.049 in background and 0.96±0.029 in plume, UMR f44

averaged 0.89±0.085 in background and 0.85±0.068 in plume, and UMR f60 averaged 1.17±0.23
in background and 1.15±0.13 in plume. These results suggest that the observed laser ON/OFF
ratios do not change from low to high signal levels, such that the trends observed for laser OFF
should hold for laser ON, and vice versa. Further, the laser ON vs. OFF data points are randomly
distributed throughout the measurements rather than systematically distributed to near- vs.
far-field measurements or core vs. edge measurements. Hence, there should be no systematic
bias due to the use of the combined laser ON and OFF data, although this combination of
laser-on and -off data may contribute to noise in the observed trends.

Sect. S2. Heterogeneous chemistry calculations
We test the impact of heterogeneous chemistry on aerosol mass loss within the smoke

plume. We performed a simple calculation of reactive uptake of OH molecules with
particle-phase organics that resulted in loss of organic products. These calculations include
assumed values of particle diameter, OH concentration, OH diffusion coefficient, and OH
reactive uptake coefficient. The following parameters are assumed for the calculations:

● OH diffusivity = 3.5e-5 [m2 s-1]
● Particle diameter varied from 1 - 1000 [nm]
● Constant OH concentration varied from 1e5 to 5e7 [molecules cm-3]
● Reactive uptake coefficients varied from 0.1 to 1 [unitless]



● Molecular weight of organics = 200 [g mol-1]
● Density of organics = 1.4 [g cm-3]
● Total run time = 3 [hours]

The collision rate of OH with the particle surface was calculated using the condensation
equations in Seinfeld and Pandis (2006). As a calculation of the upper bound limit of evaporation
due to heterogeneous chemistry, we assume each collision results in removing an organic
molecule on the surface of the particle (assumed to be 200 amu), fragmenting and removing the
molecule from the particle. The fragmentation products are not assumed to participate in further
reaction. Figure S23a shows the resulting final:initial mass ratios after four hours of aging,
indicating that for the aerosol sizes containing most of the mass in this study (>100 nm) and
under expected OH concentrations (<107 cm-3), >90% of the aerosol mass remains after 3 hours
in all but the cases with a reactive uptake coefficient of 1 and an OH concentration of 107 cm-3.
Note however that (1) the reactive uptake coefficient is likely lower than 1 (Slade and Knopf,
2013), (2) not every reaction will lead to complete evaporation of all products, and (3) OH
concentrations are often lower than 107 cm-3 (Juncosa Calahorrano et al., 2020).
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Table S1. Flight description table.

Flight name, date Number of sets of
pseudo-Lagrangian
transects

Fire name Fuel1

‘726a’, 07-26-2013 2 Mile Marker
28

grasslands,
shrub brush,
timber, and
timber litter

‘730a’, 07-30-2013 1 Colockum
Tarps

grass, trees

‘730b’, 07-30-2013 2 Colockum
Tarps

grass, trees

‘809a’, 08-09-2013 1 Colockum
Tarps

grass, trees

‘821b’, 08-21-2013 1 Government
Flats

1When known
2Instruments relevant to this study



Table S2. Calculated RΔOA,initial and Rage values for ΔOA/ΔCO,  Δf60,  Δf44 ΔH/ΔC, ΔO/ΔC,
ΔN/ΔCO, and when one flight is left out of the statistical analysis. We include the original R𝐷

𝑝

values as the first row for comparison. Red values indicate that the correlation has improved
compared to all flights in the statistical analysis (closer to ±1). Blue values indicate that the
correlation has worsened (closer to 0) compared to all flights in the statistical analysis. Black
values denote no change in the correlation compared to all flights in the statistical analysis. Note
that for flights ‘726a’ and ‘730b’ both sets of Lagrangian transects have been left out.

ΔOA/ΔCO

Flight left out, date Resulting RΔOA, initial Resulting Rage

None +0.02 +0.03

‘726a’, 07-26-2013 +0.12 0.0

‘730a’, 07-30-2013 +0.02 +0.07

‘730b’, 07-30-2013 +0.17 0.0

‘809a’, 08-09-2013 -0.25 +0.02

‘821b’, 08-21-2013 +0.05 +0.03

Δf60

Flight left out, date Resulting RΔOA, initial Resulting Rage

None +0.43 -0.26

‘726a’, 07-26-2013 +0.58 -0.38

‘730a’, 07-30-2013 +0.39 -0.37

‘730b’, 07-30-2013 +0.52 -0.19

‘809a’, 08-09-2013 +0.3 -0.21

‘821b’, 08-21-2013 +0.4 -0.26

Δf44

Flight left out, date Resulting RΔOA, initial Resulting Rage

None -0.55 +0.5

‘726a’, 07-26-2013 -0.63 +0.4



‘730a’, 07-30-2013 -0.62 +0.54

‘730b’, 07-30-2013 -0.45 +0.46

‘809a’, 08-09-2013 -0.54 +0.54

‘821b’, 08-21-2013 -0.42 +0.57

ΔH/ΔCO

Flight left out, date Resulting RΔOA, initial Resulting Rage

None -0.04 -0.06

‘726a’, 07-26-2013 -0.04 -0.12

‘730a’, 07-30-2013 -0.13 -0.2

‘730b’, 07-30-2013 0.0 -0.16

‘809a’, 08-09-2013 0.02 -0.01

‘821b’, 08-21-2013 -0.01 -0.05

ΔO/ΔCO

Flight left out, date Resulting RΔOA, initial Resulting Rage

None -0.45 +0.56

‘726a’, 07-26-2013 -0.54 +0.46

‘730a’, 07-30-2013 -0.52 +0.55

‘730b’, 07-30-2013 -0.21 +0.54

‘809a’, 08-09-2013 -0.5 +0.61

‘821b’, 08-21-2013 -0.32 +0.63

ΔN/ΔCO

Flight left out, date Resulting RΔOA, initial Resulting Rage

None -0.03 -0.27

‘726a’, 07-26-2013 -0.03 -0.13

‘730a’, 07-30-2013 -0.03 -0.3



‘730b’, 07-30-2013 -0.21 -0.43

‘809a’, 08-09-2013 -0.07 -0.2

‘821b’, 08-21-2013 0.0 -0.37

𝐷
𝑝

Flight left out, date Resulting RΔOA, initial Resulting Rage

None -0.15 +0.53

‘726a’, 07-26-2013 -0.18 +0.43

‘730a’, 07-30-2013 -0.17 +0.57

‘730b’, 07-30-2013 +0.19 +0.63

‘809a’, 08-09-2013 -0.28 +0.52

‘821b’, 08-21-2013 -0.18 +0.52



Table S3. Fit coefficients a, b, and c for the fits shown in Fig. 3 , equation 4. The units of a are
(metric), but note that the units of ΔOAinitial must be μg m-3; the units of b are (metric)/hr, and the
units of c are (metric), where (metric) = the units of Δf60, Δf44, ΔO/ΔC, or , respectively.𝐷

𝑝

Metric a b c

Δf60 2.8e-03 -6.4e-04 4.7e-03

Δf44 -1.1e-02 5.8e-03 4.4e-02

ΔO/ΔC -3.6e-02 2.6e-02 0.24

𝐷
𝑝

-1.5 10 150



Table S4. Fit coefficients a, b, and c for the fits shown in Fig. S28 , equation 5. The units of a are
(metric); the units of b are (metric)/hr, and the units of c are (metric), where (metric) = the units
of Δf60, Δf44, ΔO/ΔC, or , respectively.𝐷

𝑝

Metric a b c

Δf60 0.14 -6.6e-02 -5.3

Δf44 -0.14 0.11 -2.9

ΔO/ΔC -7.3e-02 6.1e-02 -1.3

𝐷
𝑝

-6.3e-03 4.0e-02 5.1



Table S5. Fit coefficients a, b, and c for the fits shown in Fig. S29 , equation 4 (but with ΔNinitial

in place of ΔOAinitial). The units of a are (metric); the units of b are (metric)/hr, and the units of c
are (metric), where (metric) = the units of Δf60, Δf44, ΔO/ΔC, or , respectively.𝐷

𝑝

Metric a b c

Δf60 2.0e-03 -5.4e-04 -1.5e-03

Δf44 -1.1e-02 5.3e-03 8.4e-02

ΔO/ΔC -4.1e-02 2.4e-02 0.4

𝐷
𝑝

-3.5 10 160



Figure S1. The flight path for flight ‘730b’, colored by the FIMS total number concentration. The
red dots are MODIS fire/thermal anomalies. The black star indicates the approximate center of
the fire and the black dashed line indicates the approximate centerline of the plume, estimated by
the number concentration.





Figure S2. The flight path for ‘726a’. Top two panels: the legs used in this study are colored by
each ΔCO percentile bin used in the main text analyses. The green traces indicate the locations of
the lowest 10% of CO, used to compute averaged backgrounds for this flight. Bottom two
panels: the flight track colored by time since take-off in minutes. The numbers indicate the leg
numbers as identified in the BBOP database. There were two complete flight paths for this day.
The red dots are MODIS fire/thermal anomalies. The black star indicates the approximate center
of the fire and the black dashed line indicates the approximate centerline of the plume, estimated
by the number concentration.



Figure S3. The flight path for ‘730a’. Top panel: the legs used in this study are colored by each
ΔCO percentile bin used in the main text analyses. The green traces indicate the locations of the
lowest 10% of CO, used to compute averaged backgrounds for this flight. Bottom panel: the
flight track colored by time since take-off in minutes. The numbers indicate the leg numbers as



identified in the BBOP database. The red dots are MODIS fire/thermal anomalies. The black star
indicates the approximate center of the fire and the black dashed line indicates the approximate
centerline of the plume, estimated by the number concentration.



Figure S4. The flight path for ‘730b’. Top two panels: the legs used in this study are colored by
each ΔCO percentile bin used in the main text analyses. The green traces indicate the locations of
the lowest 10% of CO, used to compute averaged backgrounds for this flight. Bottom two
panels: the flight track colored by time since take-off in minutes. The numbers indicate the leg
numbers as identified in the BBOP database. There were two complete flight paths for this flight.
The red dots are MODIS fire/thermal anomalies. The black star indicates the approximate center



of the fire and the black dashed line indicates the approximate centerline of the plume, estimated
by the number concentration.



Figure S5. The flight path for ‘809a’. Top panel: the legs used in this study are colored by each
ΔCO percentile bin used in the main text analyses. The green traces indicate the locations of the
lowest 10% of CO, used to compute averaged backgrounds for this flight. Bottom panel: the
flight track colored by time since take-off in minutes. The numbers indicate the leg numbers as
identified in the BBOP database. The Worldview image for this day had clouds over the fire
location at the time of the satellite passover. Thus we estimate a fire center using Worldview and
MODIS images for this region on the previous day (8-08-2013) (light green star) and the
following day (8-10-2013) (salmon-colored star). The black star indicates our estimated  center
of the fire on 8-09-2013 and the black dashed line indicates the approximate centerline of the
plume, estimated by the number concentration.



Figure S6. The flight path for ‘821b’. Top panel: the legs used in this study are colored by each
ΔCO percentile bin used in the main text analyses. The green traces indicate the locations of the
lowest 10% of CO, used to compute averaged backgrounds for this flight. Bottom panel: the
flight track colored by time since take-off in minutes. The numbers indicate the leg numbers as
identified in the BBOP database. The red dots are MODIS fire/thermal anomalies. The black star
indicates the approximate center of the fire and the black dashed line indicates the approximate
centerline of the plume, estimated by the number concentration.



Figure  S7. Number size distribution data, dN/dlogDp, from the FIMS; CO (white solid line); and
total short wave (SW) irradiance (black dots) data for the ‘726a’ flight. The bottom panel is a
continuation in time from the top panel. The dotted dashed line indicates CO=150 ppb, our cutoff
for in-plume/out-of-plume. The second set of Lagrangian transects for this flight start at the
plume at approximately 86 minutes into the flight.



Figure S8. Number size distribution data, dN/dlogDp, from the FIMS; CO (white solid line); and
total short wave (SW) irradiance (black dots) data for the ‘730a’ flight. The bottom panel is a
continuation in time from the top panel. The dotted dashed line indicates CO=150 ppb, our cutoff
for in-plume/out-of-plume.



Figure S9.  Number size distribution data, dN/dlogDp, from the FIMS; CO (white solid line); and
total short wave (SW) irradiance (black dots) data for the ‘730b’ flight. The bottom panel is a
continuation in time from the top panel. The dotted dashed line indicates CO=150 ppb, our cutoff
for in-plume/out-of-plume. For this figure, the top panel contains all of the first Lagrangian set of
flight transects, and the bottom panel contains all of the second Lagrangian set of flight transects.



Figure S10.  Number size distribution data, dN/dlogDp, from the FIMS; CO (white solid line);
and total short wave (SW) irradiance (black dots) data for the ‘809a’ flight. The bottom panel is a
continuation in time from the top panel. The dotted dashed line indicates CO=150 ppb, our cutoff
for in-plume/out-of-plume.



Figure S11.  Number size distribution data, dN/dlogDp, from the FIMS; CO (white solid line);
and total short wave (SW) irradiance (black dots) data for the ‘821b’ flight. The bottom panel is
a continuation in time from the top panel. The dotted dashed line indicates CO=150 ppb, our
cutoff for in-plume/out-of-plume.



Figure S12. FIMS data for ‘809a’ for the two legs that ~overlap (Figure S5) for the 51, 106, and
219 nm size bins. The solid line is from the plane flying north to south (right to left in this figure)
and the dashed line is from the plane flying south to north (left to right in this figure). In the
absence of FIMS measurement artifacts, we expect these two lines to roughly match each other.
Each y axis is in units of number in bin.



Figure S13. Same as Figure 2 but using only the first 50% of data for each leg of the FIMS and
CO data for panels f-g.



Figure S14. Aerosol properties for the first set (left-hand column) and second set (right-hand
column) of pseudo-Lagrangian transects from flight ‘726a’ (a-b) ΔOA/ΔCO (right y-axis) and
ΔBC/ΔCO (left y-axis), (c-d) Δf60 (right y-axis) and Δf44 (left y-axis), (e-f) ΔH/ΔC (right y-axis)
and ΔO/ΔC (left y-axis),  (g-h) ΔN/ΔCO, and (i-j) against physical age. For each transect, the𝐷

𝑝

data is divided into edge (the lowest 5-15% of ΔCO data; red points), core (90-100% of ΔCO
data; blue points), and intermediate regions (15-50% and 50-90% of ΔCO data; light green and
dark green points). ΔBC/ΔCO is shown in log scale and the x-axis for the right-hand column has
been shifted backwards to improve clarity. Note that the left-hand and right-hand columns do not
always have the same y-axis limits.



Figure S15. Aerosol properties for the set of pseudo-Lagrangian transects from flight ‘730a’ (a)
ΔOA/ΔCO (right y-axis) and ΔBC/ΔCO (left y-axis), (b) Δf60 (right y-axis) and Δf44 (left y-axis),
(c) ΔH/ΔC (right y-axis) and ΔO/ΔC (left y-axis), (d) ΔN/ΔCO, and (e) against physical age.𝐷

𝑝

For each transect, the data is divided into edge (the lowest 5-15% of ΔCO data; red points), core
(90-100% of ΔCO data; blue points), and intermediate regions (15-50% and 50-90% of ΔCO
data; light green and dark green points). ΔBC/ΔCO is shown in log scale to improve clarity.



Figure S16. Aerosol properties for the first set (left-hand column) and second set (right-hand
column) of pseudo-Lagrangian transects from flight ‘730b’ (a-b) ΔOA/ΔCO (right y-axis) and
ΔBC/ΔCO (left y-axis), (c-d) Δf60 (right y-axis) and Δf44 (left y-axis), (e-f) ΔH/ΔC (right y-axis)
and ΔO/ΔC (left y-axis),  (g-h) ΔN/ΔCO, and (i-j) against physical age. For each transect, the𝐷

𝑝

data is divided into edge (the lowest 5-15% of ΔCO data; red points), core (90-100% of ΔCO
data; blue points), and intermediate regions (15-50% and 50-90% of ΔCO data; light green and
dark green points). ΔBC/ΔCO is shown in log scale to improve clarity. Note that the left-hand
and right-hand columns do not always have the same y-axis limits.



Figure S17. Aerosol properties for the set of pseudo-Lagrangian transects from flight ‘809a’ (a)
ΔOA/ΔCO (right y-axis) and ΔBC/ΔCO (left y-axis), (b) Δf60 (right y-axis) and Δf44 (left y-axis),
(c) ΔH/ΔC (right y-axis) and ΔO/ΔC (left y-axis), (d) ΔN/ΔCO, and (e) against physical age.𝐷

𝑝

For each transect, the data is divided into edge (the lowest 5-15% of ΔCO data; red points), core
(90-100% of ΔCO data; blue points), and intermediate regions (15-50% and 50-90% of ΔCO
data; light green and dark green points). ΔBC/ΔCO is shown in log scale and the x-axis for the
right-hand column has been shifted backwards to improve clarity.



Figure S18. Aerosol properties for the set of pseudo-Lagrangian transects from flight ‘821b’ (a)
ΔOA/ΔCO (right y-axis) and ΔBC/ΔCO (left y-axis), (b) Δf60 (right y-axis) and Δf44 (left y-axis),
(c) ΔH/ΔC (right y-axis) and ΔO/ΔC (left y-axis), (d) ΔN/ΔCO, and (e) against physical age.𝐷

𝑝

For each transect, the data is divided into edge (the lowest 5-15% of ΔCO data; red points), core
(90-100% of ΔCO data; blue points), and intermediate regions (15-50% and 50-90% of ΔCO
data; light green and dark green points). ΔBC/ΔCO is shown in log scale and the x-axis for the
right-hand column has been shifted backwards to improve clarity.



Figure S19. Various normalized parameters as a function of age for the 7 sets of
pseudo-Lagrangian transects. Separate lines are shown for the edges (lowest 5-15% of ΔCO;
dashed lines) cores (highest 90-100% of ΔCO; solid lines), and intermediate regions (15-50%
and 50-90%; dotted and dashed-dot lines). (a) ΔOA/ΔCO, (b) Δf60, (c) Δf44, (d) ΔH/ΔC, (e)
ΔO/ΔC, (f) ΔN40-262 nm/ΔCO, and (g) between 40-262 nm against physical age for all flights,𝐷

𝑝

colored by ΔOAinitial. Some flights have missing data. Also provided is the Spearman correlation
coefficient, R, between each variable and ΔOAinitial and physical age for each variable. Note that
panels (a) and (f) have a log y-axis.



Figure S20. Various normalized parameters as a function of age for the 7 sets of
pseudo-Lagrangian transects. Separate lines are shown for the edges (lowest 5-15% of ΔCO;
dashed lines) and cores (highest 90-100% of ΔCO; solid lines). (a) ΔOA/ΔCO, (b) Δf60, (c) Δf44,
(d) ΔH/ΔC, (e) ΔO/ΔC, (f) ΔN40-262 nm/ΔCO, and (g) between 40-262 nm against physical age𝐷

𝑝

for all flights, colored by ΔOAinitial. Some flights have missing data. Also provided is the
Spearman correlation coefficient, R, between each variable and ΔOAinitial and physical age for
each variable. Note that panels (a) and (f) have a log y-axis. This figure is identical to Figure 2
but uses an in-plume CO cutoff of 200 ppb.



Figure S21. Various normalized parameters as a function of age for the 7 sets of
pseudo-Lagrangian transects. Separate lines are shown for the edges (lowest 5-25% of ΔCO;
dashed lines) and cores (highest 75-100% of ΔCO; solid lines). (a) ΔOA/ΔCO, (b) Δf60, (c) Δf44,
(d) ΔH/ΔC, (e) ΔO/ΔC, (f) ΔN40-262 nm/ΔCO, and (g) between 40-262 nm against physical age𝐷

𝑝

for all flights, colored by ΔOAinitial. Some flights have missing data. Also provided is the
Spearman correlation coefficient, R, between each variable and ΔOAinitial and physical age for
each variable. Note that panels (a) and (f) have a log y-axis. This figure is identical to Figure 2
but uses different ΔCO percentile widths.



Figure S22. Various normalized parameters as a function of age for the 7 sets of
pseudo-Lagrangian transects. Separate lines are shown for the edges (lowest 5-15% of ΔCO;
dashed lines) and cores (highest 90-100% of ΔCO; solid lines). (a) ΔOA/ΔCO, (b) Δf60, (c) Δf44,
(d) ΔH/ΔC, (e) ΔO/ΔC, (f) ΔN40-262 nm/ΔCO, and (g) between 40-262 nm against physical age𝐷

𝑝

for all flights, colored by ΔOAinitial. Some flights have missing data. Also provided is the
Spearman correlation coefficient, R, between each variable and ΔOAinitial and physical age for
each variable. Note that panels (a) and (f) have a log y-axis. This figure is identical to Figure 2
except that it uses the location of the lowest 25% of CO data to determine the background
concentrations of each species.



Figure S23. Calculated (final aerosol mass):(initial aerosol mass) ratios for mass loss through
heterogeneous chemistry over a range of aerosol diameters and OH concentrations over 3 hours.
As an upper-bound case, (a) it is assumed that for each OH collision, 200 amu of mass is lost. As
a middle-bound, (b) it is assumed that 50% of OH collisions result in a 200 amu mass loss. As a
more-realistic loss rate, (c) assumes that 10% of all OH collisions result in an 200 amu mass loss.
See SI text S2 for more details.



Figure S24. Scatter plot of each parameter of Figure 1 against ΔOAinitial.



Figure S25. Raw f60 data for each flight along each transect included in this study. The titles
indicate the flight. The black color indicates the earliest transect, with increasingly lighter colors
indicating increasingly downwind transects. The centerline was estimated from the number size
distribution and the estimated center of the fire (Figures S1-S6).



Figure S26. Raw f44 data for each flight along each transect included in this study. The titles
indicate the flight. The black color indicates the earliest transect, with increasingly lighter colors
indicating increasingly downwind transects. The centerline was estimated from the number size
distribution and the estimated center of the fire (Figures S1-S6).



Figure S27. Total in-plume CO (ppbv) irradiance for each flight along each transect included in
this study. The titles indicate the flight. The black color indicates the earliest transect, with
increasingly lighter colors indicating increasingly downwind transects. The centerline was
estimated from the number size distribution and the estimated center of the fire (Figures S1-S6).



Figure S28. Total in-plume shortwave (SW) irradiance for each flight along each transect
included in this study. The titles indicate the flight. The black color indicates the earliest transect,
with increasingly lighter colors indicating increasingly downwind transects. The centerline was
estimated from the number size distribution and the estimated center of the fire (Figures S1-S6).



Figure S29. Measured versus predicted (a) Δf60, (b) Δf44, and (c) between 40-262 nm, using the𝐷
𝑝

equation (Eq. 5)where X=Δf60,  Δf44, or𝑙𝑛(𝑋) = 𝑎 𝑙𝑛(∆𝑂𝐴
𝑖𝑛𝑖𝑡𝑖𝑎𝑙

) + 𝑏 𝑙𝑛(𝑃ℎ𝑦𝑠𝑖𝑐𝑎𝑙 𝑎𝑔𝑒) + 𝑐

. The values of a, b, and c are provided in Table S4. The Pearson and Spearman coefficients of𝐷
𝑝

determination (R2
p and R2

s, respectively) are provided in each panel, along with the normalized
mean bias (NMB) and normalized mean error (NME). Included in the fit and figure are all four
regions within the plume (the 5-15%, 15-50%, 50-90%, and 90-100% of ΔCO), all colored by
the mean ΔOAinitial of each ΔCO percentile range.



Figure S30. Measured versus predicted (a) Δf60, (b) Δf44, and (c) between 40-300 nm, using the𝐷
𝑝

equation where X=Δf60,  Δf44, or where𝑋 = 𝑎 𝑙𝑜𝑔
10

(∆𝑁
𝑖𝑛𝑖𝑡𝑖𝑎𝑙

) + 𝑏 (𝑃ℎ𝑦𝑠𝑖𝑐𝑎𝑙 𝑎𝑔𝑒) + 𝑐 𝐷
𝑝

X=Δf60,  Δf44, or . Note that the fit here is the same as that in Eq. 2 except that ΔNinitial replaces𝐷
𝑝

ΔOAinitial. The values of a, b, and c are provided in Table S5. The Pearson and Spearman
coefficients of determination (R2

p and R2
s, respectively) are provided in each panel, along with

the normalized mean bias (NMB) and normalized mean error (NME). Included in the fit and



figure are all four regions within the plume (the 5-15%, 15-50%, 50-90%, and 90-100% of
ΔCO), all colored by the mean ΔOAinitial of each ΔCO percentile range.

Figure S31. (a) High resolution fits at m/z 44 for a biomass burning plume during 0730b research
flight with laser ON. (b) Correlation of HR CO2

+ ion and HR total ion signal at m/z 44, colored
by distance downwind (km) from fire.



Figure S32. High resolution fits at m/z 60 for a biomass burning plume during 0730b research
flight with laser ON.



Figure S33. Laser ON versus laser OFF SP-AMS HR O:C, UMR f44, and UMR f60 ratios.


