INTRODUCTION

Rapid-growth wildfires disproportionately
contribute to loss of life and destruction of

growth are often associated with severe
weather conditions (Murphy and Mass, in
press). As such, further improving our
understanding of fire-associated weather is

this end, temporally and spatially accurate

If, when, and how smoke degrades our ability

periods of rapid wildfire growth.

property (Balch et al., 2024). Periods of rapid

crucial if we are to mitigate future destruction. To

ascription of fire growth is important. Here, we
evaluate an aerosol index product to investigate

to

soundly interpret meteorological influence on
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 ...the 3°x 3°grids across fires in several ways, choosing 10m
ERA5 wind gusts as a threshold to subdivide the set of fires, after
already separating them by season

 Relative growth (adapted from Murphy and Mass, in press) also
worked as a dividing metric to a lesser extent (not shown). As

displayed in Figure 1, strong winds bear a significant influence

on wildfire growth across both seasons we consider (Murphy

and Mass, In press)
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Figure 1. Adapted from Murphy and Mass, In

10

press. Composite time-evolutions of seasonal
(Summer, JJA—orange, Autumn, SON—purple)
and annual (black) wind (y-axis) during high- and
low-relative growth events from FIRED. All fires in

top 100 by absolute single-day growth.

M ET H O D S Figure 2. Aerosol index residue over a 3° x 3° degree box
encompassing the 2018 Camp Fire (red) on 9 November 2018.

We compare eight years of aerosol index data

from NASA’s Ozone Map Profiler Suite (OM
(Torres 2019) to the Fire Events Data Suite
(FEDS) fire growth dataset for California
wildfires (Chen et al., 2022).

PS)

* Thetop-100 FEDS fires by 12-hourly acreage

growth are evaluated

* Aerosolindexresidue is a daytime value
derived from Lambertian equivalent
reflectivity. It represents the difference of

the

logs of the ratios of observed and calculated
radiance at two wavelengths (here, 340 and

378.5 nm)

* Were-gridded aerosol index datatoa0.1°

grid using a gaussian re-gridder, and then

sliced 3° x 39 around each’s fire single-day

maximum growth polygon centroid to cap
large areas of smoke
* We created composite plots by averaging

ture

RESULTS

During periods of rapid wildfire growth,
obscuration via smoke and aerosols varies
with season, fire relative growth, and
magnitude of wind gusts (Figure 3).

Fires occurring during summer tended to have smoke centered
close over the new fire growth (gusts below 14 ms, Figure 3a) or
displaced to the east (gusts above 14 ms-7, Figure 3b). Fires
occurring in autumn generally displayed a higher aerosol index with
smoke centered slightly northwest of the single-day growth
centroid (gusts below 14 ms', Figure 3c), or to the southwest
(gusts above 14 ms-', Figure 3d). Similar patterns, but with lower
magnitudes of aerosol index, occurred over days before fire

growth maxima (Figure 4).
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a. Summer, didn't exceed 14 m/s (n=49) b. Summer, exceeded 14 m/s (n=10)

c. Autumn, didn't exceed 14 m/s (n=17) d. Autumn, exceeded 14 m/s (n=21)

|

Figure 3. Composite plots for fires which exhibited maximum
growth during summer (a,b) and autumn (c,d), and which occurred
within 12 hours of near-surface wind gusts that exceeded 14 m s’
(b,d) or did not exceed 14 m s ' (a,c). Aerosol index magnitude
varies between the summer and autumn plots. Summer maximum
value (yellow) ~ 2.2. Autumn maximum value (yellow) ~ 4.5.

Summer, didn't exceed 14 m/s (n=49) Summer, exceeded 14 m/s (n=10)
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Figure 4. Repeated process
from Figure 3, using aerosol
Index from the day directly
preceding maximum growth.

Figure 5. Average aerosol index
overa 0.2°x0.2°slice, forfires
whose wind gusts did (black) or
did not (red) exceed wind gust
thresholds (x axis).

In autumn, as winds Increase,
fires may become more observable, but very high winds may again
lead to increased aerosols, again reducing observability (Figure 5).
The greatest difference between aerosol indexes over the fire
growth centroid occurred when splitting fires by a preceding wind
gust threshold of 14 ms-'.

CONCLUSIONS

The results of this study add to an under-researched area of fire
meteorology — the investigation of whether and to what extent
atmospheric aerosols may impact the veracity of wildfire remote
sensing, especially considering rapid-growth fires. During periods
of rapid growth, high aerosol index, and thus obscuration of
fires, varies with season and meteorological conditions. These
values do not appear to strongly affect the ability of the VIIRS
active fire detections (FEDS) to resolve relative peaks in fire growth
(Figures 3,4). However, such obscuration could conceivably
impact the observability of fire from other platforms.

Several avenues for future research exist, including:

* Development of an improved relative fire growth metric given
only twice daily measurements

* Reproduction of this project using a reliable, higher resolution
aerosol/cloud product (or development of a product)

* Reproduction of this project, with comparisons to the MODIS-
derived FIRED dataset (Balch et al., 2020) used in Murphy and
Mass, In press

* Evaluation of a larger timespan of aerosol data preceding and

following maximum fire growth
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Figure 6. The Camp Fire, as captured by NASA/USGS Landsat on 8
November, 2018 (California Department of Forestry and Fire
Protection, 20178)

BIBLIOGRAPHY

Balch, J. K., St. Denis, L. A., Mahood, A. L., Mietkiewicz, N. P., Williams, T. M., McGlinchy, J., & Cook, M. C. (2020).
FIRED (Fire Events Delineation): An Open, Flexible Algorithm and Database of US Fire Events Derived from the
MODIS Burned Area Product (2001-2019). Remote Sensing, 12(21), 3498. https://doi.org/10.3390/rs12213498

Balch, J. K., Iglesias V., Mahood, A. L., Cook, M. C., Amaral C., DeCastro, A., Leyk, S., Mclntosh, T. L., Nagy, R. C.,
St. Denis, L., Tuff, T., Verleye, E., Williams, A. P., Kolden, C. A. (2024). The fastest-growing and most destructive
fires in the US (2001 to 2020). Science, 386,425-431(2024).D0OI:10.1126/science.adk5737

California Department of Forestry and Fire Protection (2018, November 9) Camp Fire Incident Update — AM.

Chen, Y., Hantson, S., Andela, N. et al. California wildfire spread derived using VIIRS satellite observations and an
object-based tracking system. Sci Data 9, 249 (2022). https://doi.org/10.1038/s41597-022-01343-0

Hersbach H, Bell B, Berrisford P, et al. The ERA5 global reanalysis. QJ R Meteorol Soc. 2020; 146: 1999-2049.
https://doi.org/10.1002/qj.3803

Murphy, P. and Mass, C. Weather Associated with Rapid-Growth California Wildfires. Weather and Forecasting. In
press.

Torres, O. (2019), OMPS-NPP L2 NM Aerosol Index swath orbital V2, Greenbelt, MD, USA, Goddard Earth Sciences
Data and Information Services Center (GES DISC), Accessed: 2024



