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Supplementary Fig. 1: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b) and WRF-Chem (c) for the Sheep Fire on 2019-07-24 21:35-21:45 UTC. In panel a, open circles
show the top of the PBL and filled circles are the smoke top heights. In panels b and ¢, the modeled PBL height
is shown as the light gray line, and the smoke top height is shown as the dotted dark gray line. In panel c, the
dark gray dashed line shows the PBL top at 4pm local time, assumed to be the time when the PBL height is at its
maximum.
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Supplementary Fig. 2: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b) and WRF-Chem (c) for the Sheep Fire on 2019-07-24 21:50-22:05 UTC. In panel a, open circles
show the top of the PBL and filled circles are the smoke top heights. In panels b and ¢, the modeled PBL height
is shown as the light gray line, and the smoke top height is shown as the dotted dark gray line. In panel c, the
dark gray dashed line shows the PBL top at 4pm local time, assumed to be the time when the PBL height is at its
maximum.
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Supplementary Fig. 3: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b) and WRF-Chem (c) for the Sheep Fire on 2019-07-24 22:40-23:00 UTC. In panel a, open circles
show the top of the PBL and filled circles are the smoke top heights. In panels b and ¢, the modeled PBL height
is shown as the light gray line, and the smoke top height is shown as the dotted dark gray line. In panel c, the
dark gray dashed line shows the PBL top at 4pm local time, assumed to be the time when the PBL height is at its
maximum.
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Supplementary Fig. 4: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b), WRF-Chem with default heat fluxes (c), and WRF-Chem with adjusted heat fluxes (d) for the Shady
Fire 2019-07-24 23:40-23:53 UTC. In panel a, open circles show the top of the PBL and filled circles are the
smoke top heights. In panels b and c, the modeled PBL height is shown as the light gray line, and the smoke top
height is shown as the dotted dark gray line. In panel c, the dark gray dashed line shows the PBL top at 4pm
local time, assumed to be the time when the PBL height is at its maximum.
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Supplementary Fig. 5: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b), WRF-Chem with default heat fluxes (c), and WRF-Chem with adjusted heat fluxes (d) for the Shady
Fire 2019-07-24 23:55-2019-07-25 00:07 UTC. In panel a, open circles show the top of the PBL and filled
circles are the smoke top heights. In panels b and c, the modeled PBL height is shown as the light gray line, and
the smoke top height is shown as the dotted dark gray line. In panel c, the dark gray dashed line shows the PBL
top at 4pm local time, assumed to be the time when the PBL height is at its maximum.
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Supplementary Fig. 6: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b), WRF-Chem with default heat fluxes (c), and WRF-Chem with adjusted heat fluxes (d) for the Shady
Fire 2019-07-25 00:03-00:10 UTC. In panel a, open circles show the top of the PBL and filled circles are the
smoke top heights. In panels b and ¢, the modeled PBL height is shown as the light gray line, and the smoke top
height is shown as the dotted dark gray line. In panel c, the dark gray dashed line shows the PBL top at 4pm
local time, assumed to be the time when the PBL height is at its maximum.
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Supplementary Fig. 7: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b), WRF-Chem with default heat fluxes (c), and WRF-Chem with adjusted heat fluxes (d) for the Shady
Fire 2019-07-25 00:10-00:20 UTC. In panel a, open circles show the top of the PBL and filled circles are the
smoke top heights. In panels b and ¢, the modeled PBL height is shown as the light gray line, and the smoke top
height is shown as the dotted dark gray line. In panel c, the dark gray dashed line shows the PBL top at 4pm
local time, assumed to be the time when the PBL height is at its maximum.
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Supplementary Fig. 8: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b) and WRF-Chem (c) for the Shady Fire on 2019-07-25 22:30-22:45 UTC. In panel a, open circles
show the top of the PBL and filled circles are the smoke top heights. In panels b and ¢, the modeled PBL height
is shown as the light gray line, and the smoke top height is shown as the dotted dark gray line. In panel c, the
dark gray dashed line shows the PBL top at 4pm local time, assumed to be the time when the PBL height is at its
maximum.



CASE #9
26-Jul-2019 01:25:00 to 26-Jul-2019 01:35:00

O DIAL-HSRL Qut-Of-Flume PELH L] DIAL-HSRL Smoke Height
Madel PBLH @ Obs. Time o w fiderived PELH @ 4PM LT

EEEEREEE Plume Top Height — -0 AlTude

DIAL-HSREL Curtain
Backscatter M =r™

Hq 25 01:20

Injection

PM25 g m™

Altitude (km)
HRRRE-Smoke Curtain

I]q 25 01:30

Injection

WRF-Chem Curtain
PM2.5 ugm™

0
01:25 01:30

Time (HH:MM)

Supplementary Fig. 9: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b) and WRF-Chem (c) for the Shady Fire on 2019-07-26 01:25-01:35 UTC. In panel a, open circles
show the top of the PBL and filled circles are the smoke top heights. In panels b and ¢, the modeled PBL height
is shown as the light gray line, and the smoke top height is shown as the dotted dark gray line. In panel c, the
dark gray dashed line shows the PBL top at 4pm local time, assumed to be the time when the PBL height is at its

maximum.
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Supplementary Fig. 10: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b) and WRF-Chem (c) for the North Hills Fire on 2019-07-29 22:40-22:55 UTC. In panel a, open circles
show the top of the PBL and filled circles are the smoke top heights. In panels b and ¢, the modeled PBL height
is shown as the light gray line, and the smoke top height is shown as the dotted dark gray line. In panel c, the
dark gray dashed line shows the PBL top at 4pm local time, assumed to be the time when the PBL height is at its
maximum.
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Supplementary Fig. 11: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b) and WRF-Chem (c¢) for the North Hills Fire on 2019-07-29 23:00-23:15 UTC. In panel a, open circles

show the top of the PBL and filled circles are the smoke top heights. In panels b and ¢, the modeled PBL height

is shown as the light gray line, and the smoke top height is shown as the dotted dark gray line. In panel c, the
dark gray dashed line shows the PBL top at 4pm local time, assumed to be the time when the PBL height is at its

maximum.
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Supplementary Fig. 12: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b) and WRF-Chem (c) for the Tucker Fire on 2019-07-30 02:10-02:35 UTC. In panel a, open circles
show the top of the PBL and filled circles are the smoke top heights. In panels b and ¢, the modeled PBL height
is shown as the light gray line, and the smoke top height is shown as the dotted dark gray line. In panel c, the
dark gray dashed line shows the PBL top at 4pm local time, assumed to be the time when the PBL height is at its
maximum.
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Supplementary Fig. 13: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b) and WRF-Chem (c) for the Tucker Fire on 2019-07-30 04:00-04:20 UTC. In panel a, open circles
show the top of the PBL and filled circles are the smoke top heights. In panels b and ¢, the modeled PBL height
is shown as the light gray line, and the smoke top height is shown as the dotted dark gray line. In panel c, the
dark gray dashed line shows the PBL top at 4pm local time, assumed to be the time when the PBL height is at its
maximum.
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Supplementary Fig. 14: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b) and WRF-Chem (c) for the Tucker Fire on 2019-07-30 04:15-04:40 UTC. In panel a, open circles
show the top of the PBL and filled circles are the smoke top heights. In panels b and ¢, the modeled PBL height
is shown as the light gray line, and the smoke top height is shown as the dotted dark gray line. In panel c, the
dark gray dashed line shows the PBL top at 4pm local time, assumed to be the time when the PBL height is at its
maximum.
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Supplementary Fig. 15: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b) and WRF-Chem (c) for the Left Hand Fire on 2019-07-31 00:35-00:55 UTC. In panel a, open circles
show the top of the PBL and filled circles are the smoke top heights. In panels b and ¢, the modeled PBL height
is shown as the light gray line, and the smoke top height is shown as the dotted dark gray line. In panel c, the
dark gray dashed line shows the PBL top at 4pm local time, assumed to be the time when the PBL height is at its

maximum.
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Supplementary Fig. 16: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b) and WRF-Chem (c) for the Left Hand Fire on 2019-07-31 00:55-01:15 UTC. In panel a, open circles
show the top of the PBL and filled circles are the smoke top heights. In panels b and ¢, the modeled PBL height
is shown as the light gray line, and the smoke top height is shown as the dotted dark gray line. In panel c, the
dark gray dashed line shows the PBL top at 4pm local time, assumed to be the time when the PBL height is at its
maximum.
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Supplementary Fig. 17: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b), WRF-Chem with default heat fluxes (c), and WRF-Chem with adjusted heat fluxes (d) for the Ridge
Top Fire 2019-08-02 22:10-22:25 UTC. In panel a, open circles show the top of the PBL and filled circles are
the smoke top heights. In panels b and c, the modeled PBL height is shown as the light gray line, and the smoke
top height is shown as the dotted dark gray line. In panel c, the dark gray dashed line shows the PBL top at 4pm
local time, assumed to be the time when the PBL height is at its maximum.
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Supplementary Fig. 18: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b) and WRF-Chem (c) for the Ridge Top Fire on 2019-08-02 23:40-23:50 UTC. In panel a, open circles

show the top of the PBL and filled circles are the smoke top heights. In panels b and ¢, the modeled PBL height

is shown as the light gray line, and the smoke top height is shown as the dotted dark gray line. In panel c, the
dark gray dashed line shows the PBL top at 4pm local time, assumed to be the time when the PBL height is at its

maximum.
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Supplementary Fig. 19: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b), WRF-Chem with default heat fluxes (c¢), and WRF-Chem with adjusted heat fluxes (d) for the
Mica/Lick Creek Fire 2019-08-03 00:35-00:55 UTC. In panel a, open circles show the top of the PBL and filled
circles are the smoke top heights. In panels b and c, the modeled PBL height is shown as the light gray line, and
the smoke top height is shown as the dotted dark gray line. In panel c, the dark gray dashed line shows the PBL
top at 4pm local time, assumed to be the time when the PBL height is at its maximum.
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Supplementary Fig. 20: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b), WRF-Chem with default heat fluxes (c), and WRF-Chem with adjusted heat fluxes (d) for the
Mica/Lick Creek Fire 2019-08-03 02:20-02:40 UTC. In panel a, open circles show the top of the PBL and filled
circles are the smoke top heights. In panels b and c, the modeled PBL height is shown as the light gray line, and
the smoke top height is shown as the dotted dark gray line. In panel c, the dark gray dashed line shows the PBL
top at 4pm local time, assumed to be the time when the PBL height is at its maximum.
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Supplementary Fig. 21: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
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Smoke (b), WRF-Chem with default heat fluxes (c), and WRF-Chem with adjusted heat fluxes (d) for the Mica
Creek Fire 2019-08-03 21:30-21:40 UTC. In panel a, open circles show the top of the PBL and filled circles are
the smoke top heights. In panels b and c, the modeled PBL height is shown as the light gray line, and the smoke
top height is shown as the dotted dark gray line. In panel c, the dark gray dashed line shows the PBL top at 4pm
local time, assumed to be the time when the PBL height is at its maximum.
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Supplementary Fig. 22: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-

Smoke (b) and WRF-Chem (c) for the Williams Flats Fire on 2019-08-03 21:40-22:00 UTC. In panel a, open
circles show the top of the PBL and filled circles are the smoke top heights. In panels b and c, the modeled PBL
height is shown as the light gray line, and the smoke top height is shown as the dotted dark gray line. In panel c,

the dark gray dashed line shows the PBL top at 4pm local time, assumed to be the time when the PBL height is

at its maximum.
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Supplementary Fig. 23: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b) and WRF-Chem (c) for the Williams Flats Fire on 2019-08-04 00:05-00:25 UTC. In panel a, open
circles show the top of the PBL and filled circles are the smoke top heights. In panels b and c, the modeled PBL
height is shown as the light gray line, and the smoke top height is shown as the dotted dark gray line. In panel c,
the dark gray dashed line shows the PBL top at 4pm local time, assumed to be the time when the PBL height is
at its maximum.
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Supplementary Fig. 24: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-

Smoke (b) and WRF-Chem (c) for the Williams Flats Fire on 2019-08-04 02:30-02:55 UTC. In panel a, open
circles show the top of the PBL and filled circles are the smoke top heights. In panels b and c, the modeled PBL
height is shown as the light gray line, and the smoke top height is shown as the dotted dark gray line. In panel c,

the dark gray dashed line shows the PBL top at 4pm local time, assumed to be the time when the PBL height is

at its maximum.
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Supplementary Fig. 25: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b), WRF-Chem with default heat fluxes (c), and WRF-Chem with adjusted heat fluxes (d) for the
Williams Flats Fire 2019-08-06 18:40-19:00 UTC. In panel a, open circles show the top of the PBL and filled
circles are the smoke top heights. In panels b and c, the modeled PBL height is shown as the light gray line, and
the smoke top height is shown as the dotted dark gray line. In panel c, the dark gray dashed line shows the PBL
top at 4pm local time, assumed to be the time when the PBL height is at its maximum.
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Supplementary Fig. 26: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b), WRF-Chem with default heat fluxes (c), and WRF-Chem with adjusted heat fluxes (d) for the
Williams Flats Fire 2019-08-06 20:30-20:40 UTC. In panel a, open circles show the top of the PBL and filled
circles are the smoke top heights. In panels b and c, the modeled PBL height is shown as the light gray line, and
the smoke top height is shown as the dotted dark gray line. In panel c, the dark gray dashed line shows the PBL
top at 4pm local time, assumed to be the time when the PBL height is at its maximum.
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Supplementary Fig. 27: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b), WRF-Chem with default heat fluxes (c), and WRF-Chem with adjusted heat fluxes (d) for the
Williams Flats Fire 2019-08-06 21:45-22:00 UTC. In panel a, open circles show the top of the PBL and filled
circles are the smoke top heights. In panels b and c, the modeled PBL height is shown as the light gray line, and
the smoke top height is shown as the dotted dark gray line. In panel c, the dark gray dashed line shows the PBL
top at 4pm local time, assumed to be the time when the PBL height is at its maximum.
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Supplementary Fig. 28: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b), WRF-Chem with default heat fluxes (c), and WRF-Chem with adjusted heat fluxes (d) for the Snow
Creek Fire 2019-08-06 22:25-22:35 UTC. In panel a, open circles show the top of the PBL and filled circles are
the smoke top heights. In panels b and c, the modeled PBL height is shown as the light gray line, and the smoke
top height is shown as the dotted dark gray line. In panel c, the dark gray dashed line shows the PBL top at 4pm
local time, assumed to be the time when the PBL height is at its maximum.
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Supplementary Fig. 29: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b), WRF-Chem with default heat fluxes (c), and WRF-Chem with adjusted heat fluxes (d) for the
Horsefly Fire 2019-08-06 22:45-23:00 UTC. In panel a, open circles show the top of the PBL and filled circles
are the smoke top heights. In panels b and c, the modeled PBL height is shown as the light gray line, and the
smoke top height is shown as the dotted dark gray line. In panel c, the dark gray dashed line shows the PBL top
at 4pm local time, assumed to be the time when the PBL height is at its maximum.
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Supplementary Fig. 30: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b), WRF-Chem with default heat fluxes (c), and WRF-Chem with adjusted heat fluxes (d) for the
Horsefly Fire 2019-08-07 00:25-00:55 UTC. In panel a, open circles show the top of the PBL and filled circles
are the smoke top heights. In panels b and c, the modeled PBL height is shown as the light gray line, and the
smoke top height is shown as the dotted dark gray line. In panel c, the dark gray dashed line shows the PBL top
at 4pm local time, assumed to be the time when the PBL height is at its maximum.
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Supplementary Fig. 31: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b) and WRF-Chem (c) for the Sheep Fire on 2019-08-07 23:00-23:20 UTC. In panel a, open circles
show the top of the PBL and filled circles are the smoke top heights. In panels b and ¢, the modeled PBL height
is shown as the light gray line, and the smoke top height is shown as the dotted dark gray line. In panel c, the
dark gray dashed line shows the PBL top at 4pm local time, assumed to be the time when the PBL height is at its

maximum.
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Supplementary Fig. 32: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b) and WRF-Chem (c) for the Williams Flats Fire on 2019-08-08 00:45-01:05 UTC. In panel a, open
circles show the top of the PBL and filled circles are the smoke top heights. In panels b and c, the modeled PBL
height is shown as the light gray line, and the smoke top height is shown as the dotted dark gray line. In panel c,
the dark gray dashed line shows the PBL top at 4pm local time, assumed to be the time when the PBL height is at
its maximum.
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Supplementary Fig. 33: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b) and WRF-Chem (c) for the Williams Flats Fire on 2019-08-08 02:20-02:40 UTC. In panel a, open
circles show the top of the PBL and filled circles are the smoke top heights. In panels b and c, the modeled PBL
height is shown as the light gray line, and the smoke top height is shown as the dotted dark gray line. In panel c,
the dark gray dashed line shows the PBL top at 4pm local time, assumed to be the time when the PBL height is
at its maximum.
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Supplementary Fig. 34: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b) and WRF-Chem (c) for the Williams Flats Fire on 2019-08-09 02:00-02:15 UTC. In panel a, open
circles show the top of the PBL and filled circles are the smoke top heights. In panels b and c, the modeled PBL
height is shown as the light gray line, and the smoke top height is shown as the dotted dark gray line. In panel c,
the dark gray dashed line shows the PBL top at 4pm local time, assumed to be the time when the PBL height is
at its maximum.
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Supplementary Fig. 35: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b) and WRF-Chem (c) for the Williams Flats Fire on 2019-08-09 02:15-02:30 UTC. In panel a, open
circles show the top of the PBL and filled circles are the smoke top heights. In panels b and c, the modeled PBL
height is shown as the light gray line, and the smoke top height is shown as the dotted dark gray line. In panel c,
the dark gray dashed line shows the PBL top at 4pm local time, assumed to be the time when the PBL height is
at its maximum.
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Supplementary Fig. 36: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b), WRF-Chem with default heat fluxes (c), and WRF-Chem with adjusted heat fluxes (d) for the Srings
Fire 2019-08-12 22:10-22:20 UTC. In panel a, open circles show the top of the PBL and filled circles are the
smoke top heights. In panels b and c, the modeled PBL height is shown as the light gray line, and the smoke top
height is shown as the dotted dark gray line. In panel c, the dark gray dashed line shows the PBL top at 4pm
local time, assumed to be the time when the PBL height is at its maximum.
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Supplementary Fig. 37: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b), WRF-Chem with default heat fluxes (c), and WRF-Chem with adjusted heat fluxes (d) for the
Springs Fire 2019-08-12 22:25-22:30 UTC. In panel a, open circles show the top of the PBL and filled circles
are the smoke top heights. In panels b and c, the modeled PBL height is shown as the light gray line, and the
smoke top height is shown as the dotted dark gray line. In panel c, the dark gray dashed line shows the PBL top
at 4pm local time, assumed to be the time when the PBL height is at its maximum.
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Supplementary Fig. 38: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b), WRF-Chem with default heat fluxes (c), and WRF-Chem with adjusted heat fluxes (d) for the Castle
Fire 2019-08-12 23:19-23:30 UTC. In panel a, open circles show the top of the PBL and filled circles are the
smoke top heights. In panels b and ¢, the modeled PBL height is shown as the light gray line, and the smoke top
height is shown as the dotted dark gray line. In panel c, the dark gray dashed line shows the PBL top at 4pm
local time, assumed to be the time when the PBL height is at its maximum.
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Supplementary Fig. 39: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b), WRF-Chem with default heat fluxes (c), and WRF-Chem with adjusted heat fluxes (d) for the Castle
Fire 2019-08-12 23:30-23:50 UTC. In panel a, open circles show the top of the PBL and filled circles are the
smoke top heights. In panels b and ¢, the modeled PBL height is shown as the light gray line, and the smoke top
height is shown as the dotted dark gray line. In panel c, the dark gray dashed line shows the PBL top at 4pm
local time, assumed to be the time when the PBL height is at its maximum.
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Supplementary Fig. 40: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b), WRF-Chem with default heat fluxes (c), and WRF-Chem with adjusted heat fluxes (d) for the Castle
Fire 2019-08-13 22:30-22:45 UTC. In panel a, open circles show the top of the PBL and filled circles are the
smoke top heights. In panels b and c, the modeled PBL height is shown as the light gray line, and the smoke top
height is shown as the dotted dark gray line. In panel c, the dark gray dashed line shows the PBL top at 4pm
local time, assumed to be the time when the PBL height is at its maximum.
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Supplementary Fig. 41: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b) and WRF-Chem (c) for the Castle Fire on 2019-08-13 22:40-22:55 UTC. In panel a, open circles
show the top of the PBL and filled circles are the smoke top heights. In panels b and ¢, the modeled PBL height
is shown as the light gray line, and the smoke top height is shown as the dotted dark gray line. In panel c, the
dark gray dashed line shows the PBL top at 4pm local time, assumed to be the time when the PBL height is at its
maximum.
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Supplementary Fig. 42: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b) and WRF-Chem (c) for the Sheridan Fire on 2019-08-16 00:25-00:40 UTC. In panel a, open circles
show the top of the PBL and filled circles are the smoke top heights. In panels b and ¢, the modeled PBL height
is shown as the light gray line, and the smoke top height is shown as the dotted dark gray line. In panel c, the
dark gray dashed line shows the PBL top at 4pm local time, assumed to be the time when the PBL height is at its
maximum.
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Supplementary Fig. 43: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b) and WRF-Chem (c) for the Sheridan Fire on 2019-08-16 00:40-00:50 UTC. In panel a, open circles
show the top of the PBL and filled circles are the smoke top heights. In panels b and ¢, the modeled PBL height
is shown as the light gray line, and the smoke top height is shown as the dotted dark gray line. In panel c, the
dark gray dashed line shows the PBL top at 4pm local time, assumed to be the time when the PBL height is at its

maximum.
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Supplementary Fig. 44: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b) and WRF-Chem (c) for the Sheridan Fire on 2019-08-16 01:00-01:15 UTC. In panel a, open circles
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dark gray dashed line shows the PBL top at 4pm local time, assumed to be the time when the PBL height is at its
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Supplementary Fig. 45: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b) and WRF-Chem (c) for the Sheridan Fire on 2019-08-16 01:15-01:30 UTC. In panel a, open circles
show the top of the PBL and filled circles are the smoke top heights. In panels b and ¢, the modeled PBL height
is shown as the light gray line, and the smoke top height is shown as the dotted dark gray line. In panel c, the
dark gray dashed line shows the PBL top at 4pm local time, assumed to be the time when the PBL height is at
its maximum.
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Supplementary Fig. 46: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b), WRF-Chem with default heat fluxes (c), and WRF-Chem with adjusted heat fluxes (d) for the Saber
Fire 2019-08-16 01:45-01:55 UTC. In panel a, open circles show the top of the PBL and filled circles are the
smoke top heights. In panels b and c, the modeled PBL height is shown as the light gray line, and the smoke top
height is shown as the dotted dark gray line. In panel c, the dark gray dashed line shows the PBL top at 4pm
local time, assumed to be the time when the PBL height is at its maximum.
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Supplementary Fig. 47: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b), WRF-Chem with default heat fluxes (c), and WRF-Chem with adjusted heat fluxes (d) for the Boulin
Fire 2019-08-16 01:55-02:00 UTC. In panel a, open circles show the top of the PBL and filled circles are the
smoke top heights. In panels b and ¢, the modeled PBL height is shown as the light gray line, and the smoke top
height is shown as the dotted dark gray line. In panel c, the dark gray dashed line shows the PBL top at 4pm
local time, assumed to be the time when the PBL height is at its maximum.
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Supplementary Fig. 48: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-

Smoke (b), WRF-Chem with default heat fluxes (c), and WRF-Chem with adjusted heat fluxes (d) for the
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Sheridan Fire 2019-08-16 02:05-02:20 UTC. In panel a, open circles show the top of the PBL and filled circles
are the smoke top heights. In panels b and c, the modeled PBL height is shown as the light gray line, and the
smoke top height is shown as the dotted dark gray line. In panel c, the dark gray dashed line shows the PBL top

at 4pm local time, assumed to be the time when the PBL height is at its maximum.
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Supplementary Fig. 49: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b), WRF-Chem with default heat fluxes (c), and WRF-Chem with adjusted heat fluxes (d) for the Ikes
Fire 2019-08-16 04:10-04:25 UTC. In panel a, open circles show the top of the PBL and filled circles are the
smoke top heights. In panels b and ¢, the modeled PBL height is shown as the light gray line, and the smoke top
height is shown as the dotted dark gray line. In panel c, the dark gray dashed line shows the PBL top at 4pm
local time, assumed to be the time when the PBL height is at its maximum.
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Supplementary Fig. 50: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b), WRF-Chem with default heat fluxes (c), and WRF-Chem with adjusted heat fluxes (d) for the
Sheridan Fire 2019-08-17 00:00-00:15 UTC. In panel a, open circles show the top of the PBL and filled circles
are the smoke top heights. In panels b and c, the modeled PBL height is shown as the light gray line, and the
smoke top height is shown as the dotted dark gray line. In panel c, the dark gray dashed line shows the PBL top
at 4pm local time, assumed to be the time when the PBL height is at its maximum.
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Supplementary Fig. 51: Vertical profiles of backscatter from the DIAL-HSRL (a) and PM2.5 from HRRR-
Smoke (b), WRF-Chem with default heat fluxes (c¢), and WRF-Chem with adjusted heat fluxes (d) for the
Sheridan Fire 2019-08-17 00:15-00:30 UTC. In panel a, open circles show the top of the PBL and filled circles
are the smoke top heights. In panels b and c, the modeled PBL height is shown as the light gray line, and the
smoke top height is shown as the dotted dark gray line. In panel c, the dark gray dashed line shows the PBL top
at 4pm local time, assumed to be the time when the PBL height is at its maximum.
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Supplementary Fig. 52: Comparison of observed (green) and modeled (red) planetary boundary layer height (in
m above sea level) distributions for the WRF-Chem (a) and HRRR-Smoke (b) models. Cases for which these
plots were generated are the WRF-Chem false positives.
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Supplementary Fig. 53: Plume top heights from the 1D Freitas forced by 1D WRF-Chem meteorology (blue
bars), and 1D Freitas forced by 1D HRRR-Smoke meteorology (red bars) for cases where WRF-Chem
underpredicted the PBLH and HRRR-Smoke accurately captured the PBLH. PBLHs associated with each
meteorology configuration are overlaid as box and whisker plots over their corresponding bar, and the PBLH
derived from the DIAL-HSRL is given as a dotted line. Selected fires include a) Shady, b) Mica Creek, c)
Williams Flats, d-e) Spring, f) Castle, g-h) Sheridan



HRRR-Smoke Model Performance
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Supplementary Fig. 54: Box and whisker plots of (a) HRRR-Smoke time of day, (b) HRRR-Smoke terrain
variability (standard deviation in 3x3 grid box around fire), (c) FT Brunt-Vaisala Frequency, (d) PBL Brunt-
Vaisala Frequency (e) FT bulk Richardson number, (f) PBL bulk Richardson number. Red line denotes
medians, blue box denotes the interquartile range, and whiskers denote the 1.5x interquartile range. TP, FP, and
FN are defined as in Fig. 1 caption.
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Supplementary Fig. 55: Box and whisker plots of (a) WRF-Chem time of day, (b) WRF-Chem terrain
variability (standard deviation in 3x3 grid box around fire), (c) FT Brunt-Vaisala Frequency, (d) PBL Brunt-
Vaisala Frequency (e) FT bulk Richardson number, (f) PBL bulk Richardson number. Red line denotes
medians, blue box denotes the interquartile range, and whiskers denote the 1.5x interquartile range. TP, FP, and
FN are defined as in Fig. 1 caption



Total Fire Radiative Power vs. Total Active Fire Area
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Supplementary Fig. 56: Analogous to Fig. 1, but for different combustion phases: (a) total FRP and total area,
(b) flaming/saturated FRP and total area, and (c) flaming/saturated FRP and flaming/saturated area



MASTER FRP vs. MODIS FRP
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Supplementary Fig. 57: MASTER FRP vs (a) VIIRS FRP and (b) MODIS FRP determined using VIIRS and
MODIS overpasses within +/- 2hrs from MASTER overpasses. MASTER values tend to be higher than MODIS
values and lower than VIIRS values. Red dashed lines are 95% confidence bounds on the best fit line.
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Supplementary Fig. 58: Comparison of campaign fuels and model fuels covering three broad fuel categories for
the 51 test cases in this study: grassland, savanna, and forest. Entries along the main diagonal represent cases
where the model and the campaign fuel type agreed, and off diagonals represent cases where the model and
campaign fuel type disagreed.
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Supplementary Fig. 59:
Ilustration of the spatial shifting
algorithm for the Castle fire,
observed on 8/12/2019 23:20-
23:30 UTC. (a) Observed
backscatter profiles from the
DIAL-HSRL. (b) Modeled PM2.5
curtain plot without shifting
applied. (c) Modeled PM2.5
curtain plot with shifting applied.
(d) Spatial aerosol optical depth
(AOD) plot overlaid with unshifted
(black) and shifted (red) flight
track.
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Supplementary Fig. 60: Illustration of time shift for the Shady Fire, observed 7/29/2019 00:00-00:38 UTC. (a)
spatial emissions plot and (b) vertical curtain of PM2.5 sampled at the model time matching the observed time.
Note how emissions are not present in the spatial or the vertical plot. (c) spatial emissions plot and (d) vertical
curtain plot sampled at the model time shifted to one hour after the observed time. Emissions are now present in
the spatial plot and vertical plume structure is developed.

1000
560
320
180
100
56
32
18
10
56
3.2

PM2.5 pug m™

PM2.5 ug m™



Orvverpass Time (UTC) DIAL-HSRL WEF-Cham WEF-Cham WEF-Chem WEF-Chem
Observed PBL Sensitivity Sensitivity Observed
PBL
Fig. |Fire Start Time | End Tims Injection (End |Injection |E Injection (End Injection |End Mode |Injection End Hode
Node Hode HNode

Fl  [Sheep 7- 7-24 2145 P B2 0 B2 1 D2 pan an akiil pam
B2 |[Sheep 7- 7-242205 P [B2 0 B2 I B2 pan an nam an
[F3  [Sheep 7- 7-242300 P B2 0 o2 i o2 T an an am
F4  [Shady 7- 7-242353 P B2 o2 i [B2 o2 B

5 [Phady 7- I B2 [F2 o B2 F2 Bz
6 [Fhady 7- o [B2 [F2 o B2 D2 2

7 [Fhady 7- I [B2 [F2 I B2 F2 2
FE  [Shady 7- 1 D2 D2 1 02 pan an akiil pan
Fe  [Shady 7- 1 DX 1 D2 1 D2 pzn an akiil pam
10 Morth Hills 7- I B2 0 B2 K B2 am an kil AT
(11 MNorth Hills 7-30 23- i B2 0 B2 i BI T an an am
12 [Tocker 7-30 02:10 |7-3002:35 [E2 0 [E2 i E2 pan an akiil pan
13 [Tucker 7-30 04:00 |7-30 0420 P B2 0 [F1 o B2 pan an nan pan
514 [Tacker 7-30 04-15 |7-3004:40 P B2 0 [F1 i BI T an an am
15 [Left Hand 7-31 00:35 | 7-3100:55 |1 [E1 [E1 1 E pan an akiil pan
16 [Left Hand 7-31 00:55 |7-3101:15 L [El [El 1 E pam lnan nan pan
17 [Ridze Top 202 22:10 8022225 P B2 o2 o B2 1 o2 Bz
[lE [Ridge Top B-02 23:40 |B-022350 1 D [F2 P Bl jnan an nan pam
L0 PMMicaTick Creek | 8-05 0035 (2-03 00:55 B2 o2 o B2 D2 B2
20 PicaTick Creek  |8-03 0220 (2-0302:40 B2 [F2 1 D2 F2 =
21 [ica Cresk 2-03 21:30 |8-03 2140 P B2 o2 1 D2 D2 B2
22 [Williams Flats 8-0321:40 |8-0322:00 |1 D2 [ 1 D32 pan an akiil pan
523 [Willisms Flats 2-04 00-05 | 8-04 00:25 1 | [F2 1 D2 it an kil AT
523 [Willisms Flats £-04 02-30 | 8-04 02:55 1 | [F2 1 D2 T an an am
25 [Williams Flats 5-06 1240 |8-06 1900 P B2 o2 o B2 [E2 B2
26 [Williams Flats 5-06 20:30 [8-06 2040 2 [B2 o2 1 D2 [E2 E2
(27 [Williams Flats 5062145 |8-062200 P B2 o2 o B2 [E2 B2
28 [Fnow Cresk 506 22:25 |86 2235 P B2 o2 1 D2 D2 B2
(20 [Horsefly 2062245 |g-06 2300 P [B2 D2 I B2 [E2 B2
(30 [Horsafly 207 00:25 | 807 00055 P B2 o2 o B2 [E2 B2
[F31 [Williams Flats 8-07 23:00 |8-0723:20 1 D2 [El 1 E pan an nan pan
(32 [Williams Flats 2-08 0045 |8-0801:05 1 Dz o2 1 D2 pan an nan pan
533 [Willisms Flats £-08 02-20 |8-08 02:40 1 | D2 1 D2 T an an am
B34 [Williams Flats g-00 02:00 |8-0902:15 |1 D2 [F2 1 D32 pan an akiil pan
35 [Williams Flats 8-0% 02:15 |8-08 02:30 1 D2 [F2 o B2 pan an nan pan
(36 [Springs 8122210 [g-122220 2 [B2 D2 1 D2 D2 1 D2
37 [springs 8122 I B2 o2 o B2 D2 1 D2
38 |[Castle 8122 I B2 o2 1 D2 D2 1 o2
(38 [Castle g-122 I B2 o2 1 1 o2 1 o2
40 [Castle 8-1322:30 |8-132245 P 12 o2 1 D2 D2 1 o2
B41 [Castle 8-13 22-40 |8-13 22:55 i ic2 0 B2 1 D2 it an kil AT
42 [Fheridan 8-16 00:25 |8-1600:40 |1 DX o2 1 D32 pan an akiil pan
43 [Fheridsn 8-16 0040 |8-16 00:50 1 D2 o2 1 D2 pan an nan pan
44 [Sheridan 2-16 01:00 |B-1601:15 1 D2 [F2 1 D2 [z han akiil pam
545 [Sheridsn £-16 01:15 |8-16 01:30 1 | [F2 1 D2 T an an am
(46 [Saber £-1601:45 (8160155 0 [B2 [FZ i B2 [E2 B2
47 [Boulin 5-16 01:55 [8-1602:00 P [B2 [F2 1 D2 F2 1 o2
48 [Fheridsn £8-16 02:05 |8-16 02:20 1 | 0 [F1 1 D2 it an kil AT
40 [ies g-16 04:10 |8-160425 P B2 [F2 o B2 F2 B2
50 [Fheridan 217 00:00 [8-17 00:15 2 [B2 [ 1 D2 D2 1 o2
51 [Fheridan 8-17 00:15 |8-1700:30 P B2 o2 1 D2 D2 1 D2

Supplementary Table 1: Details for each case, including the figure number, fire name, date, and time of the
measurements, WRF-Chem modeled and observed injection behavior (O=non-injection, 1=injection), and
terminal node of the decision tree that results in each classification. Not-a-Number (Nan) means that the model
missed the fire and therefore the injection behavior could not be evaluated.



Overpass Time (UTC) DIAT-HSEL HEFR-Smoke HERR-Smoke Observed FEL

Fiz. Fira Start Time  |End Time Injection (End Node |Injection |EndMNode Injaction End Node
1 Sheep B2 1 o2 1 o2
k2 Sheep B2 1 o2 1 o
k3 Sheep 7-2422:40  |7-2423:00 B2 1 D2 1 D2
k4 Shady 7-24 2340 |7-24 23:53 B2 pan pan [an e
55 Shady B2 pan pan man ukh|
hi] Shady B2 pan pan man ikl
k7 Shady B2 pan pan man an
8 Shady D2 pan pan man ukh|
ko Shady o2 1 o2 1 o2
510 [Morth Hills B2 1 o2 o B2
11 [Morth Hills B2 1 o2 o [B:2
512 Tucker 7 [EX pan pan man ukh|
13 [Tucker 7-30 04:00 |7-30 04:20 B2 puzn pn L a1
k14  [Tucker 7-3004:15  |7-30 04:40 B2 pan pan fan —
15 [Left Hand 7-3100:35 [7-3100:55 [ El L E o B2
516 Left Hand 7-31 00:55 |7-3101:15 1 El 1 E I [B2
k17  [Ridge Top 802 22:10 |8-02 22:25 B2 B2 o B2
18 [Ridge Top 8022340 (8022350 [t D2 1 o2 1 D2
k19 |[MicaLick Cresk [2-03 00:35 |8-03 00:55 B2 1 = 1 D2
520 MicaLick Creek | 3-0302:20 |8-03 02:40 B2 1 D2 1 D2
k21 Mica Cresk 803 21:30  (8-03 21:40 B2 1 D2 1 o2
522 [ Williams Flats 8032140 (8032200 I D2 1 o2 1 D2
23 |[Williams Flats 804 00:05 |8-0400:25 [t D2 L D2 1 o2
23 Williams Flats 8-04 02:30 |B-04 02:35 1 D2 1 D2 1 D2
ka3 Williams Flats 506 18:40 | 8-04 19:00 B2 1 D2 I [B2
526 Williams Flars 206 20:30 | 2-06 20:40 B2 1 D2 1 D2
k27 [Williams Flars E-0621:45 |8-0622:00 B2 1 D2 o B2
522 |Smow Creek B-0622:25 |8-06 22:35 B2 1 D2 1 D2
k20 [Homefly g-06 23:00 B2 1 D2 o [B:2
30 Horsefly &-07 00:25 (207 00:55 B2 1 o2 ] B2
31 Williams Flats g-07 23:00 |8-07 23:20 1 D2 1 D2 1 o2
32 Williams Flats 8-08 00:45 |B-08 01:05 1 D2 1 D2 1 D2
k33 Williams Flats E-0802:20 [s-0802:40 |1 D2 1 D2 1 D2
k34 [Williams Flars g-0002:00 |g0002:15 [t D2 1 P2 1 D2
535  [Williams Flats g-e0xin |l D2 1 o2 1] B2
K36  [Springs g-12 22:20 B2 1 P2 1 o2
F37  |Sprngs g-12 22:30 B2 1 = 1 Dz
38 Castle 2-12 23:30 B2 1 D2 1 D2
k30 |Casle g-12 23:50 B2 1 2 1 o2
40 Castle 8-1322:30 |8-1322:45 =2 1 P2 1 2
k41 Castle §-1322:40 |8-13 22:55 Ic2 1 D2 1 D2
542 |Shesidan 8-16 00:25 (8-1600:40 1 o2 1 P2 1 o2
543 Sheridan 216 00:40 [2-1600:50 |1 D2 1 D2 1 o2
44 [Sheridan g-16 01:00 [8-1601:15 [1 D2 L b2 1 o2
45  |Sheridan g-16 01:15 |g-1601:30 i D2 1 D2 1 o2
46 |Saber 8-16 01:45 |8-16 01:55 B2 1 o2 1 o2
47  [Boulin 8-16 01:35 |8-16 02:00 B2 1 P2 1 D2
k4% [Sheridan B-16 02:05 |3-160220 [ D2 1 = 1 1
40 |Ikes B-16 04:10  |8-16 04:25 B2 L D2 o B2
k50 [Sheridan E-1700:00 |-17 00:15 B2 1 b2 1 D2
k1 Sheridan §-1700:15 |8-17 00:30 B2 B2 o B2

Supplementary Table 2: Details for each case, including the figure number, fire name, date, and time of the
measurements, HRRR-Smoke modeled and observed injection behavior (0=non-injection, 1=injection), and
terminal node of the decision tree that results in each classification. Not-a-Number (Nan) means that the model
missed the fire and therefore the injection behavior could not be evaluated.



Fig. Fire Issumnptions (unless stated differently. 0.32 s the MLH cutoff, whole
[Out of plume MLH Identified? jair column is searched, and upwind only Is used)
51 Sheep [es (11pts) (Get points closest to fire, where terrain is similar to fire
52 [Sheep [Yes (16pts) IAdded points post turn
53 Sheep [Yes (9pts) IAdded points post turn
54 [Shady [ves (21pts) Used the downwind region with similar terrain
85 [Shady l¥es (10pts) Idded points post turn
S6 Shady [es (11pts)
87 Shady [ves {15pts)
8 Shady [Yes (9pts) Not encugh points, even post turn or downwind
59 [Shady [Yes (11pts)
510 [Morth Hills [Yes (11pts) Chose some upwind no clouds, some downwind
S North Hills [Yes (12pts) Chose some upwind no clouds, some downwind
512 (Tucker l¥es (24pts)
513 Tucker IVes (11pts)
sl4 [Fucker [Yes (6pts) Not encugh points, even post turn or downwind
K15 [Left Hand Ies (10pts}
sla ILeft Hand Ives (12pts)
517 Ridge Top Look for light green 0.56 below 11km, dark green may be pyroCu
[Yes (11pts) outflow?
518 Ridge Top Loak for light green 0.56 below 11km, dark green may be pyroCu
[Yes {11pts) outflow?
519 vica/Lick Creek
[Yes (11pts) Look for light green 0.56 below 4km, lofted smoky layer
820 Mica/Lick Creek
[Yes (11pts) Look for light green 0.56 below 4km, lofted smoky layer
£21 PMica Creek [Yes {7pts) Chose some upwind no clouds, some downwind
822 [Williams Flats
[Yes (13pts) Look for medium green 0.32 below 4.5km, lofted srmoky layer
523 [Williams Flats
[Yes {10pts) Look for medium green 0.32 below 4.5km, lofted smoky layer
523 [Williams Flats
[¥es (11pts) Look for medium green 0.32 below 3km, lofted smoky layer
825 [Williams Flats
[Yes (19pts) Chose downwind with similar terrain
526 [Williams Flats
[Yes (7pts) Lok for light green 0.56 below 11km
827 [Williams Flats
[es (15pts) IChose some upwind no clouds, some downwind
528 Snow Creek
[Yes (15pts)
529 [Horsefly IYes (11pts)
530 Horsefly Chose a smaller time window, shaved off that edge that was catching
[Yes (17pts) high clouds
K31 [Williams Flats
[Yes (17pts)
532 [Williams Flats
[Yes (8pts) Mot enough points, even post turn or downwind
833 [Williams Flats
[Yes (8pts) Mot enough points, even post turn or downwind
534
Williams Flats [Yes {11pts)
B35
[Williams Flats [Yes (23pts)
836 Springs [Yes {10pts) Used the downwind region with similar terrain
837 Springs [Yes (8pts) IChose some upwind no clouds, some downwind
538 Castle [Yes (8pts)
B39 Castle [Yes (9pts) Filtered out clouds just upwind of the fire
540 Castle [Yes (4pts) Not enough points, even post turn or downwind
4l Castle [Yes (8pts)
s42 [sheridan [Yes {10pts) Expanded the time window, looked for blue 0,18
s43 Sheridan IYes (9pts) Expanded the time window, looked for blue 0.18
S44 Sheridan [Yes (Bpts) Expanded the time window, looked for blue 0.18
545 Sheridan IYes (14pts) Looked for blue 0.18
B46 Gaber [¥es {10pts) saber is observed right before Boulin, and LATE, use light blue
s47 Boulin [es (17pts) Use whole thing, assumeit’s mixed layer
548 Gheridan [¥es (18pts) Looked for blue 0.18
549 Ikes lYes (21pts) IChose some upwind no clouds, some downwind
830 Sheridan [Yes (Bpts)
B51 Sheridan [Yes (11pts)

Supplementary Table 3: Assumptions for selecting the out-of-plume observed PBLH
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