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Abstract We use observations of acyl peroxynitrates (PANs) from the Cross-Track Infrared Sounder (CrIS)
to investigate PANs over the western U.S. during the summer 2018 wildfire season. This period coincides with
the Western Wildfire Experiment for Cloud Chemistry, Aerosol Absorption, and Nitrogen (WE-CAN). When
combined with favorable background conditions, the resolution and sensitivity of CrIS is sufficient to observe
the production of PANs in smoke plumes. CrIS PANs normalized excess mixing ratios with respect to CO
(NEMRs) in the Pole Creek Fire increase from 0.2% to 0.4% within 3—4 hr of physical aging, consistent with in
situ NEMRs. CrIS is also able to detect PANs enhancements in plumes that have been transported hours to days
downwind. On average for summer 2018, 19-56% of PANs in the free troposphere during the afternoon over
the western U.S. can be attributed to smoke.

Plain Language Summary Wildfire smoke contains nitrogen compounds, such as nitrogen oxide
radicals, that participate in ozone chemistry and degrade air quality. Acyl peroxynitrates, also known as

PANS, are formed rapidly in wildfire plumes and serve as temporary reservoirs for nitrogen oxide radicals. At
colder temperatures, PANs can transport nitrogen oxides very long distances before releasing them again to

the atmosphere. Here we discuss the detection of PANs in wildfire smoke using new measurements from the
Cross-Track Infrared Sounder (CrIS). We find that CrIS is able to detect high concentrations of PANs in smoke
plumes from fast-growing fires. The instrument is also able to detect the chemical production of PANs within

a given smoke plume and the production rates are comparable with aircraft observations during the Western
Wildfire Experiment for Cloud Chemistry, Aerosol Absorption, and Nitrogen (WE-CAN). Our results highlight
the importance of wildfires as a source of PANs in the midlatitudes and show the potential of satellite retrievals
to compliment campaign-based observations of PANs.

1. Introduction

Acyl peroxynitrates (PANs) are thermally unstable reservoir species for nitrogen oxide radicals (NO_ = NO + NO,)
that can be transported over long distances to affect photochemical processes far from NO, emission sources (Sin-
gh, 1987; Singh & Hanst, 1981). Smoke contains high concentrations of PANs precursors (Akagi et al., 2011;
Bond et al., 2004; Crutzen & Andreae, 1990; Fearnside et al., 1993), and rapid formation of PANs occurs in
smoke plumes (Akagi et al., 2011; Alvarado et al., 2010; Juncosa Calahorrano et al., 2020; Lindaas et al., 2020;
Liu et al., 2016; Yokelson et al., 2009) temporarily sequestering a large fraction of the NO, emitted from fires.
Wildfire smoke is often injected into the free troposphere, allowing the PANs produced within smoke plumes to
travel long distances, redistributing NO,_ and impacting ozone (O,) chemistry far from the fire source (e.g., Brey
& Fischer, 2016; Lindaas et al., 2017; Singh et al., 2012). Thus, understanding the abundances and chemistry of
PANSs in wildfire smoke is essential to quantifying the contribution of wildfires to regional and global NO, and
O, abundances.

Existing in situ measurements of PANs within wildfire plumes (e.g., Akagi et al., 2011; Alvarado et al., 2015;
Baylon et al., 2015; Briggs et al., 2017; Fischer et al., 2014; Juncosa Calahorrano et al., 2020; Liu et al., 2016;
Yokelson et al., 2009) cover a relatively limited number of plumes, often do not provide information over the full
spatial extent of individual plumes (i.e., extending from the source fire downwind), and provide limited tempo-
ral coverage (i.e., observations are campaign-based, covering weeks to months). New satellite observations of
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PANS offer a complementary perspective (Payne et al., 2014). PAN observations from the Tropospheric Emission
Spectrometer (TES) on the Aura satellite demonstrated that summertime satellite-measured PAN enhancements
over North America are often (15-32% of the time) associated with smoke plumes, specific instances of elevated
PAN can be connected to specific fire complexes, and that within-plume enhancements ratios of PAN relative to
carbon monoxide (CO) fall within the range calculated from in situ observations (Fischer et al., 2018).

The Cross-Track Infrared Sounder (CrIS) has flown on the Suomi National Polar-orbiting Partnership (Suomi
NPP) satellite since 2011. CrlIS offers an opportunity to continue and expand the PANs observational record es-
tablished by TES. Here, we summarize CrIS retrievals collected over a portion of the summer 2018 North Amer-
ican wildfire season coinciding with the Western Wildfire Experiment for Cloud Chemistry, Aerosol Absorption,
and Nitrogen (WE-CAN). We isolate smoke-impacted retrievals using multiple methods, estimate the fraction of
PAN:S in the free troposphere over the western U.S. that can be attributed to smoke, calculate enhancements in
PAN:Ss relative to CO, and compare our calculations with those based on in situ data from WE-CAN.

2. Methods
2.1. CrIS Observations

The Suomi NPP satellite is on a sun-synchronous Earth orbit with overpass times around 01:30 and 13:30 local
time (LT). CrIS is a nadir viewing Fourier transform spectrometer (FTS) that measures thermal infrared radi-
ances with high spectral resolution (0.625 cm™"). The CrIS PANS retrievals rely on the PANs absorption feature
at 790 cm™!. The spectral feature at 790 cm™! appears in the IR spectra of all acyl peroxynitrates (PANs) at es-
sentially the same frequency given the relatively broad nature of this absorption band. Thus, the measurements
presented here are for all the PANs compounds (i.e., they include propionyl peroxynitrate (PPN; CH3CH2C(O)
OONO2), methacryloyl peroxynitrate (MPAN; CH2C(CH3)C(O)OONO?2), etc.) in addition to PAN (CH3C(O)
0O2NO2). The retrieval algorithm uses the Multi-Species, Multi-Spectral, Multi-Satellite (MUSES) retrieval
software (Fu et al., 2016), which builds on the optimal estimation algorithm developed for Aura-TES (Beer
et al., 1999; Bowman et al., 2006). CrIS PANs retrievals are performed from NASA v2 Level 1B radiances
(Revercomb & Strow, 2019) on the 15 km individual fields of view (FOVs). These CrIS PANs and CO retrievals
are described in Payne et al. (2021) and Fu et al. (2016), respectively. Simulations suggest that the single FOV
detection limit for CrIS PANs is <0.15 ppbv.

For this analysis, we present a tropospheric average for each PANs and CO retrieval. For this study, this is defined
as the average retrieved PANs and CO between the 825 and 215 hPa. CrIS sensitivity to PANs is higher in the
free troposphere (<680 hPa), and it decreases rapidly near the surface. The CO and PANs averaging kernels in
Figure S1 in Supporting Information S1 show that CrlIS is more sensitive to CO than to PANs (see Text S1 in
Supporting Information S1). In our comparisons to in situ data collected during WE-CAN, we compare the CrIS
retrievals to the sum of PAN and PPN.

To avoid biases associated with silica spectral features in surface emissivity (i.e., bare sandy or rocky surfaces),
we exclude geographic areas identified with such surfaces. There is a silica feature in surface emissivity around
1,150 cm™!, with a weaker feature 790 cm~' that coincides with the PANS feature utilized here. Deserts are denot-
ed in the CrIS data products used here when the average emissivity at 1,025 cm™ is less than 0.95. We eliminate
any retrievals within 0.5° X 0.5° cells where the average Desert QA flag <0.95 and the percent of negative PANs
value >40%. All the geographic regions excluded based on these criteria are listed in Table S1 and shown in Fig-
ure S2 in Supporting Information S1 (e.g., Moab, Death Valley, etc.). We found that these criteria are insufficient
to remove areas on the edges of Desert regions (see Figure S3 in Supporting Information S1). Thus, we chose to
also remove any remaining negative PANs values from this analysis. This final step removes ~15% of the data,
primarily from regions that border deserts (See Figure S3 in Supporting Information S1).

2.2. NOAA Hazard Mapping System (HMS) Fire and Smoke Product

We use the National Oceanic and Atmospheric Administration (NOAA) HMS to identify smoke-impacted CrIS
retrievals (Rolph et al., 2009). Using visible imagery from seven satellites, trained satellite analysts generate a
daily (daytime) operational outline of smoke plumes (Ruminski et al., 2006). Smoke detections are manually in-
spected, and contours are drawn depicting approximate surface smoke concentrations without information on the
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vertical location of the smoke. We use archived HMS shapefiles (https://satepsanone.nesdis.noaa.gov/pub/FIRE/
HMS/) that are gridded to a 0.5° x 0.2° horizontal resolution with the maximum smoke concentration value for
a given location on a given day.

2.3. HYSPLIT Trajectories

We use the Hybrid Single Particle Lagrangian Integrated Trajectory (HYSPLIT) model (Draxler & Hess, 1998)
to estimate the origin and age of a small subset of smoke plumes. For this application, the HYSPLIT model uses
the North American Regional Reanalysis (NARR) meteorological product. NARR has a time step of 3 hr, a grid
spacing of 32 X 32 km, and 23 vertical layers between the surface and 100 hPa. We initialized a set of forward
and backward trajectories for a period of 24 hr at the locations of smoke-impacted CrIS retrievals. All trajectories
were initialized at 720, 600, and 495 hPa levels. Details are provided in Section 3.3.

2.4. Classification of Smoke-Impacted Retrievals

We classify smoke-impacted retrievals using satellite observations in two ways and analyze them separately. (1)
The HMS criteria uses the cdist tool in the Python 3.7.6 scipy.spatial.distance (scipy version 1.4.1) package to
colocate the CrIS retrievals with the NOAA HMS smoke plumes (Figure S4 in Supporting Information S1). (2)
The CrIS criteria includes retrievals where CrIS CO > 150 ppbv at the 510 or 680 hPa level, following Fischer
et al. (2018) (see Figure S5 in Supporting Information S1). Results from sensitivity analysis on the CrIS smoke
criteria are discussed in the text associated with Table S2 in Supporting Information S1.

2.5. Physical Age Calculations

In Section 3.3, we assign a physical age to each CrIS retrieval in the Pole Creek Fire plume based on the visible
images from GOES-16 and HYSPLIT trajectories initiated at the time of the satellite overpass (21:00 UTC). A
visual inspection of satellite images and the trajectory analysis concur that the front edge of the plume is 3—4 hr
old at 21:00 UTC. We calculate the distance from each retrieval to the fire centroid for that day as reported by
Inciweb (https://inciweb.nwcg.gov/). Finally, we calculate an average plume wind speed dividing the distance of
the furthest smoke-impacted CrIS retrieval by the range of ages of the front edge of the plume. This yields average
wind speeds between 19 and 26 m s~!. Using the lower estimate for wind speed (closest estimate to visual imagery
from GOES-16), we estimate the age of each in-smoke CrIS retrieval.

3. Results
3.1. Western U.S. CrIS PANs Retrievals and Wildfire Smoke

During 2018, there were 23,104 wildfires in the western U.S. corresponding to a burned area of >6.5 million acres
(https://www.nifc.gov/nicc/index.html). Figure 1 shows CrIS retrievals of CO (Figure 1a) and PANs (Figure 1c)
on August 20, 2018 when the Mendocino Complex Fire was active. Figure 1 shows that many fires (red dots)
can be active on a given day and that CrIS has the ability to detect CO and PANs from individual smoke plumes.
This is in contrast to the TES PAN retrievals which can only be interpreted in aggregate (Fischer et al., 2018).

Figure 1 shows that PANs and CO enhancements from the wildfires cross many western states, and that the smoke
plumes from some wildfires are detectable multiple days downwind. Many of the smoke plumes sampled during
WE-CAN were also detected by CrIS (e.g., Carr Fire, South Sugarloaf Fire smoke plumes). Within the lifecycle
of a wildfire, the CrIS overpass time at ~1:30 p.m. LT (~19:30-20:30 UTC) often occurs before many wildfires
are most active and produce the largest emissions (Mu et al., 2011). The WE-CAN sampling efforts most often
intercepted fresh plumes between 3 and 6 p.m. LT (21:00-01:00 UTC). Therefore, there is often a ~2-5 hr dif-
ference between the satellite overpass and the in situ measurements. Full details on the WE-CAN are found in
Juncosa Calahorrano et al. (2020).

Figures 1b and 1d show the aircraft sampling of the plume associated with the Mendocino Complex Fire. The
Mendocino Complex Fire was first active on July 27, 2018 and was not contained until mid-September 2018. On
August 20, 2018, the NSF/NCAR C-130 sampled the smoke plume in a pseudo-Lagrangian fashion, completing
multiple transects across the plume. In situ PANs (CO) abundances at the core of the Mendocino Complex smoke
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Aircraft observations over-plotted on CrlS retrievals
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Figure 1. Maps of Cross-Track Infrared Sounder (CrIS) (a) CO and (c) peroxynitrates (PANs) measurements of the Mendocino Complex Fire smoke plume (left) with
in situ observations of (b) CO and (d) PANs (PAN + PPN) from the same fire over-plotted (right) for a smaller inset region (pink box on left-hand plots). (e) Hazard
Mapping System (HMS) smoke plumes (i.e., light, moderate, dense) and (f) altitude of the in situ measurements in km above sea level. Fires detected by the Visible
Infrared Imaging Radiometer Suite (VIIRS) on the Suomi Suomi National Polar-orbiting Partnership (Suomi NPP) on this day are shown as red dots (https://earthdata.
nasa.gov/firms).

plume ranged from 3.3 to 7.5 ppbv (700-2,000 ppbv), and the plume was sampled between 610 and 570 hPa
(4.1-4.6 km ASL). CrIS free tropospheric average PANs (CO) mixing ratios within the plume ranged from 0 to
1.4 ppbv (100-2,900 ppbv).

3.2. CrIS PANs Abundances Within and Outside Wildfire Smoke Plumes

Figure 2 presents a summary of smoke-impacted and smoke-free tropospheric average PANs and CO CrIS retriev-
als designated using the CrIS and HMS smoke criteria. Based on the CrIS criteria alone, only ~35% of the retriev-
als are classified as smoke-impacted, while the HMS criteria classifies ~70% of the retrievals as smoke-impacted.
Figure 2 shows the distributions of PANs and CO in these two data subsets (see Figure S6 in Supporting Infor-
mation S1 for distributions of light, moderate, and dense smoke for the HMS criteria and different CO thresholds
for the CrIS criteria). The mean PANs and CO in the smoke-impacted CrlS retrievals is significantly different
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Figure 2. Top panels show distributions of peroxynitrates (PANs; blue) and CO (orange) for smoke-impacted (solid whisker plots) and smoke-free or “background”
(open whisker plots) retrievals identified using (a) the Cross-Track Infrared Sounder (CrIS) and (b) the Hazard Mapping System (HMS) smoke criteria (see Section 2.4)
for the study period (July 24 to September 13, 2018). Note the logarithmic y axes. The boxes enclose the 25th to 75th percentiles, the whiskers represent the 10th and
90th percentiles, and the horizontal bar represents the median. The number next to the solid and open squares corresponds to the number of individual retrievals in each
category. Bottom panels show percent of PAN attributed to regional wildfires based on the (c¢) CrIS and (d) HMS smoke criteria.

(larger) than the mean PANs and CO in the smoke-free retrievals based on ¢ tests. Differences were not significant
in smoke-free versus smoke-impacted TES retrievals (Fischer et al., 2018).

The designation of background is important for quantifying the contribution of wildfire smoke to the abundance
of a species within a given air mass and separating chemical processes from dilution (Yokelson et al., 2009). In
the following section, we assume background tropospheric average mixing ratios for PANs and CO of 0.13 and
90 ppbv, respectively. These choices approximately represent the lowest 25th percentile for PANs and the median
value for CO for the smoke-free distributions in Figure 2 and are within the range used by Fischer et al. (2018).

To assess the percentage of the PANS retrieved by CrlS attributed to fires, we subtract a weighted average of the
smoke-free retrievals from a weighted average of the smoke-impacted retrievals (see Figure S7 and Equations 1
and 2 in Supporting Information S1 for details). The percent smoke contribution using the CrIS and the HMS cri-
terion are shown in Figures 2c and 2d, respectively. Both criteria indicate that most of the free tropospheric PANs
(40-100%) over northern California are associated with smoke, largely attributed to the Mendocino Complex and
Carr Fires (see Table S2 in Supporting Information S1 for details). The smoke contribution to tropospheric PANs
based on the HMS criteria extends from Northern California and Southern Oregon to the northeast of the region
of study. Averaged across the whole region in Figures 2¢ and 2d, the CrIS (HMS) criteria attributes 24% (56%) of
the tropospheric PANs to smoke. Table S2 in Supporting Information S1 shows that the CrIS criteria can attribute
between 19% and 39% of the tropospheric PANs to smoke depending on the threshold chosen for CO.

JUNCOSA CALAHORRANO ET AL.

50f9



A7t |

NI Geophysical Research Letters 10.1029/2021GL093405
co 0 50 100 150 200 250 300 PANs 0.0 0.2 0.4 0.6 0.8
(el — (pPbv) I
50 _

Latitude

i
o

»”
 igos |

35 3
-125 -120 -115 -110 -105 -125 -120 -115 -110 -105
Longitude Longitude
42
c) 1] d) WE-CAN (17 smoke plumes)
. role | : :
41 S : o 08 |
] B
g o o0 ®. | PANsOS6 : | |
£ Y NEMR |
= % ) o4
40 o/® : |
\
0.0 0.5 1.0 0.2 g T ‘ |
(%) ‘
39 T r . . ol
—112 —111 —110 -109 -108 <1 1=2 2_3 >3

Lonaitude Physical age (h)

Figure 3. Cross-Track Infrared Sounder (CrIS) (a) CO and (b) peroxynitrates (PANSs) retrievals for September 13, 2018. The pink boxes in panels (a) and (b)
encompass the region plotted in panel (c). (c) CrIS PANs NEMRs with respect to CO for the Pole Creek Fire Plume. NEMRs are calculated assuming a background of
0.13 and 90 ppbv for PANs and CO, respectively. (d) PANs NEMRs for the Pole Creek Fire (green) calculated with the CrIS data compared to those calculated across
17 fresh plumes associated with known fires sampled in a pseudo-Lagrangian fashion during the WE-CAN campaign (blue), see Juncosa Calahorrano et al. (2020) for

details.

3.3. CrIS—Detected PANs Enhancements in Wildfire Smoke Plumes

Figure 3 shows CrIS CO (Figure 3a) and PANs (Figure 3b) retrievals associated with the Pole Creek Fire in Utah.
This plume demonstrates that the combined spatial resolution and sensitivity of CrIS is sufficient to detect chem-
ical evolution in plumes when background conditions are favorable for these calculations (i.e., when a plume is
isolated and the abundance of PANs and CO within the plume are substantially higher than outside the plume).

On September 13, 2018 high winds drove active burning despite efforts to contain the Pole Creek Fire. The smoke
closest to the fire becomes visible in satellite imagery (GOES16 2 km Ch2 HighRes Vis) between 10 a.m. and
10:30 a.m. LT (16:00 and 16:30 UTC); the plume crosses the Utah-Wyoming border at 2 p.m. LT (20:00 UTC).
The Suomi NPP overpass shown in Figure 3 is at 2:40 p.m. LT (20:40 UTC) (3.6—4.6 hr after the plume becomes
visible).

Figure 3c shows that the PANs NEMR (in percent units) with respect to CO increases in the smoke plume with
distance from the fire source, reflecting the photochemical production of PANs. To our knowledge, this is the
first time the production of PANs on the timescale of minutes to hours has been observable via satellite. Figure 3d
compares the CrIS PANs NEMRs from the Pole Creek Fire smoke plume with those produced from the WE-CAN
in situ data set. It shows that the rate of PANs production in the Pole Creek Fire plume is within the range of that
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Figure 4. Cross-Track Infrared Sounder (CrIS) peroxynitrates (PANs) retrievals of the Carr Fire smoke plume on (a) July 26, 2018 and (b) July 27, 2018. Panels

(c) and (d) show corresponding PANs NEMRs with respect to CO for the Carr Fire plume. Panel (e) presents forward trajectories initialized on July 26, 2018 at the
Suomi National Polar-orbiting Partnership (Suomi NPP) overpass time (~20:00 UTC) at the Carr Fire centroid location (40.65°N, 122.63°W) (yellow star to the west).
Panel (f) presents backward trajectories initialized on July 27, 2018 at the Suomi NPP overpass time (~21:00 UTC) at (42.63°N, 116.18°W) (yellow star to the east).
Trajectories were initialized at 720 (circles), 600 (triangles), and 495 (squares) hPa.

observed for plumes that were sampled during WE-CAN. The CrIS PANs NEMRs increase from 0.2% to 0.4%
in ~3—4 hr of transport downwind from the fire (see Figure S8 in Supporting Information S1 for uncertainties).
Similarly, the WE-CAN PANs NEMRs increase from 0.17% to 0.43% in 3—4 hr of physical aging.

Figure 4 demonstrates the ability of CrlS to detect a wildfire plume over the course of several days. The smoke
plume from the Carr Fire is first visible in the CrIS CO and PANs retrievals on July 26, 2018 (Figure 4a). The
plume continues to be easily distinguished on July 27, 2018 (Figure 4b) as the fire continued to burn and the
smoke from the previous day moved toward the east-northeast. Figures 4a and 4b show the location of the Carr
Fire smoke plume over several other downwind states.

Like all wildfires, the injection height of the Carr fire smoke plume was variable, and the CrIS data itself offers
limited information on the vertical location of the plume. The NSF/NCAR C-130 sampled the Carr Fire plume
on July 26, 2018 at ~23:00 UTC, and the pseudo-Lagrangian sampling of this plume occurred between 665 and
510 hPa. The forward trajectories in panel (e) show that smoke emitted by the Carr Fire on July 26, 2018 would
reach southwest Idaho (easternmost yellow star) in 11-24 hr depending on the injection altitude.

A set of backward trajectories initialized at various altitudes from the easternmost star in Figure 4f provide addi-
tional constraints on the likely altitude of the smoke detected by CrIS.

We calculated back trajectories initialized at 720 (circles), 600 (triangles), and 495 (squares) hPa at 21:00 UTC,
the approximate daytime CrIS overpass time on July 27, 2018. Back trajectories initialized between 600 and
495 hPa are consistent with the transport of the smoke plume visible by satellite. Back trajectories initialized
lower (i.e., ~700 hPa) are inconsistent with the visible plume transport pathway.
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The trajectories imply that the PANs NEMRs detected on July 27, 2018 by CrIS (at 21:00 UTC) over southwest
Idaho are associated with smoke emitted from the Carr Fire at ~3 a.m. LT (~10:00 UTC), when it burned at a
lower intensity. The atmospheric temperatures encountered by the smoke favored PANs stability. We use the
range of temperatures (288-264 K) from the NARR data at the time and locations of the forward trajectories in
Figures 4e and 4a, NO:NO, between 0.15 and 0.30 based on the in situ observations, and an approximate OH
concentration of 2 X 10° molecules cm™ to calculate PAN lifetime following Singh (1987). We do not include
PAN photolysis in this calculation because this is only important in the upper troposphere, and even in the upper
troposphere the lifetime against loss via photolysis is on the order of a month (Fischer et al., 2014; Talukdar
etal., 1995). The lifetime against oxidation by OH is also much longer than the lifetime against thermal decompo-
sition, especially during summer. We also note that much of the transport occurred overnight, when these losses
do not occur. PAN lifetime (largely against thermal decomposition) ranges between 7.5 and 414 hr depending
on injection altitude and the NO:NO, ratio. Higher injection altitudes and lower NO:NO, ratios promote PAN
stability. For instance, if we assume that the plume is injected at 720 hPa, the PAN lifetime is ~7.5-12 hr. If the
plume is injected higher (i.e., 600 (490) hPa) the PAN lifetime is ~60-95 (~300-400) hours. Figure 4 shows that
PANs NEMRs in southwest Idaho on July 27, 2018 are comparable to those closer to the Carr Fire centroid on
July 26, 2018 (Figure 4c), suggesting PANs conservation and transport over long distances.

4. Conclusions

We present the first analysis of CrIS PANs measurements over North America. We focus our analysis on summer
2018, aligning with in situ observations of wildfire smoke collected by the WE-CAN field intensive. This first
analysis of the new CrIS PANs data demonstrates the following.

1. CrlIS is able to detect PANs and CO enhancements in smoke plumes from individual wildfires following peri-
ods of active fire growth. Enhancements in PANSs are also present within large multistate scale smoke plumes
from regional sets of wildfires

2. We segregate and examine the abundance of tropospheric average PANs in smoke-impacted CrIS retrievals
using two different satellite-based attribution methods. We find that smoke-impacted retrievals contain signif-
icantly higher tropospheric average PANs than smoke-free retrievals based on 7 tests

3. An analysis of smoke-impacted CrIS PANS retrievals over the entire study region suggests that wildfires are
responsible for approximately 19-56% of the tropospheric PANs over the western U.S. during summer months

4. When combined with favorable background conditions, the spatial resolution of CrIS is sufficient to observe
the chemical evolution of PANs in wildfire plumes. To our knowledge, this is the first time that rapid photo-
chemical production of PANSs is observed from a satellite

5. CrlS is able to detect PANs and CO enhancements in plumes that have been transported several hours to days
downwind from major wildfires. For example, we can use CrIS to track smoke from the Carr Fire as it moves
across several western U.S. states. The Carr Fire produced a large plume when it grew by tens of thousands of
acres over several days, and the plume remained intact due to favorable meteorological conditions

This work reinforces the importance of wildfires as a source of PANs to the free troposphere over North America
during summer months. It also demonstrates that CrIS measurements of PANs can be used to extend the analysis
of recent observational campaigns.

Data Availability Statement

Data used in this study can be found in the Mountain Scholar CSU digital repository (http://dx.doi.
org/10.25675/10217/228793). In situ PAN and CO data are available in the WE-CAN data archive (https://data.
eol.ucar.edu/master_lists/generated/we-can/).
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