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A B S T R A C T

Audible sound is known to originate from wildland fires. We show audible sound is accompanied by infrasound 
emissions, originating from the active combustion zone in a prescribed fire. We collected data from one of 
multiple prescribed burns conducted at Eglin Airforce Base, Florida in March of 2023. Single-unit infrasonic 
sensors and a six-element array were deployed outside the burn unit to capture acoustic signals. The array was 
configured as a hexagon with aperture of ~10 m. Dual-band radiometers were deployed inside the unit to track 
the fire’s evolution. A broadband signal is observed by all infrasound sensors with variable intensity and fre
quency content between 2 Hz and up to 90 Hz. The sensor closest to the perimeter of the unit detected fre
quencies up to 90 Hz for a few minutes. Array analysis shows a coherent broadband signal with frequencies 
between 2 and 40 Hz emanating from the burn unit that we argue is sound from the active combustion zone. The 
estimated azimuths follow the ignition pattern with delays of several minutes between the ignition and detection 
of sound. We discuss the potential for using acoustic measurements to study the spatial and temporal evolution of 
fire and extract spectral features of vegetation type-specific heat release rates. Extracting fire characteristics and 
dynamics using sound may complement other more established measurements by providing continuous data 
remotely that are not constrained to line-of-sight or visibility conditions that can be affected by smoke or 
topography.

1. Introduction

Processes that develop unsteady energy release to the atmosphere 
induce a mechanical response, resulting in sound, such as in the case of 
volcanic and chemical explosions, earthquakes, and bolides. Low- 
frequency sound and infrasound (sound with a frequency below ~ 20 
Hz) display low attenuation and can propagate over long distances. 
Combustion is included in these non-steady energetic events with the 
potential to generate sound [1]. Early work on combustion noise was 
largely limited to premixed fuel-oxygen scenarios. These efforts suggest 
that sound is generated by fluctuations in the rate of expansion of gases 

during combustion [2]. The wave equation [1] that describes the gen
eration of sound from the unsteady release of heat can be defined by: 

1
c2

∂2ṕ
∂t2 − Δpʹ =

(γ − 1)
c2

∂q̇
∂t

(1) 

where ṕ  is the pressure above mean, γ the ratio of specific heat capac
ities, c is the speed of sound in the far field, and q̇ the heat release rate 
per unit volume. The far-field solution at a distance r and time t can be 
written as 
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where Q̇t,t− τ =
∫

q̇t− τdV is the total heat release rate and τ is the retar
dation time [3,4]. For a compact source, Q̇t,t− τ measures the total heat 
release rate, which is the summed contribution of small source elements 
inside a flame volume. The mean acoustic power is often used to study 
the intensity of combustion [5]: 

pʹ2(r, t) =
[
(γ − 1)
4πrc2

]2∂Q̇t,t− τ

∂t
∂Q̇t,t− τ
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A general spectral shape for acoustic power, which can be related to heat 
release rate, has been established based on empirical data. This shape is 
characterized by a spectral peak at a peak frequency (fpeak) and two 
coefficients, β and α, that control the low and high frequencies as fβ and 
f − α, respectively [6]. fpeak between 200 and 1,000 Hz have been 
observed in experiments with burners under different configurations of 
burner geometry, flow velocities, and turbulence intensities [7]. Other 
sources of combustion noise, such as buoyant flow instabilities, have 
been proposed with significantly lower frequencies (<10 Hz) [8,9]. 
These other potential noise sources were studied using controlled static 
fire pools and identified quasi periodic signals with frequencies 
controlled by the pools’ geometry. Past research on the temporal and 
spectral characterization of combustion noise mainly used stationary 
and compact sources. For example in a recent study Johnson et al. [10]
documented the characteristic of infrasound generated by a compact 
wood fire pile and associated to flame flickering. The noise from more 
complex and dynamic sources, such as wildland fires (e.g., wildfires or 
prescribed fire − referred to here as [RxF]), has not been extensively 
investigated because of the complexity of the environment and processes 
involved.

Wildfires and RxF are disturbance events that involve different fuels 
and terrains and exhibit a variety of active sources distributed in space. 
RxF are fires that are intentionally lit to meet land management objec
tives, and they are an important tool in forest management because they 
can reduce the accumulation of dead leaves, tree limbs, and other debris 
to prevent wildfires, restore ecosystems, and enable the growth of fire- 
dependent species [11]. RxFs are carefully planned and executed so 
fires are contained to limited areas and burn with targeted fire behavior 
characteristics. These fires are different from wildfires because they are 
conducted during periods of more predictable atmospheric conditions. 
Ignition of RxFs typically occurs by personnel on aerial or ground ve
hicles, or on foot. RxFs and wildfires are not static, and their fire 
behavior depends on vegetative fuels, weather, and topography. Wild
fires and RxF can cover large areas and be active during different time 
scales. The energy released by fire is an important quantity to estimate 
for fire characterization. Kremens et al. [12] described the concept of 
radiated energy to be an analog to the energy field. The radiated energy 
is significant as it can be estimated using remote sensing techniques 
[13]. Two quantities have been introduced to quantify radiated energy: 
a) Fire Radiative Power (FRP) and b) Fire Radiative Energy (FRE) [13]. 
FRP is related to the rate of energy from fire and FRE the total energy 
radiated by the fire. We defined FRP as: 

FRP = ε⋅σ⋅T4 (4) 

where T is the temperature (K), ε is the emissivity (assumed to be 0.98) 
[14], and σ = 5.67 x 10–8 (W m− 2 K− 4) is the Stefan-Boltzmann constant, 
FRP is in units of kilowatts per square meter (kW/m2). FRE is calculated 
by integrating the FRP curve. Pairing acoustic observations of fires with 
these established radiant energy remote sensing techniques could yield 
otherwise unknown second and third order details of the total heat 
released. Likewise, acoustic emissions marry the heat release rate 
characteristics to the combustion characteristics of the vegetation and 
resultant fire behavior.

This study investigates the potential of using acoustic measurements 
to extract source characteristics from RxF from outside of the burning 
area. In March 2023, a suite of multiple acoustic sensors was deployed 
around an area scheduled for an RxF at Eglin Air Force Base, Florida, 
where a signal-rich acoustic wavefield was captured. A series of radi
ometers were also deployed within the burning to track the evolution of 
the fire. In this article, the field site and sensor configuration and the 
wavefield and analysis methods are described, followed by the analyt
ical results of the analysis of infrasound data and discussion of charac
teristics and limitations of the acoustic approach for wildfire studies.

2. Data and methods

2.1. Burn area description and instrumentation

The ~ 5.5 km2 burn area (G25a), was located at Eglin Air Force Base, 
Florida. This unit was predominantly mixed forest with small sections of 
long leaf pine trees and wooded wetlands. G25a was naturally parti
tioned on the North, South, and West by roads and to the East by Live 
Oak Creek [Fig. 1a]. G25a was burned on March 11, 2023 using a 
combination of aerial and ground ignition of strip head fires. Weather 
during the burn as collected from an onsite fire weather station indicated 
an average air temperature of 20◦ C, RH of 44 %, and a mean 2 m wind 
speed of 1 ms− 1 from the SSE with gusts up to 4 ms− 1. Twenty-six dual- 
band radiometer sensors were deployed inside G25a [Fig. 1(a) sensors A 
thru Z]. In Fig. 1, radiometer stations are named (i. e., A to Z) following 
the progression of time for peak amplitude at each radiometer. The ra
diometers had a sampling rate of 1 sps and were stored in protective 
metal cases that were attached to poles ~ 7 m above and pointed nadir 
to the fuel bed.

Three infrasound stations were deployed: ST, EG, and DC—with six, 
three, and two sensors, respectively [Fig. 1(a) and sensor distribution in 
(c)]. Station ST was configured as a six-element array in a hexagon with 
~ 8 m between opposite vertices. This array used infraBSU sensors 
[15,16] and a Centaur digitizer (Nanometrics Inc.) recording at 2,000 
samples per second (sps). Station EG had three sensors, but one node was 
operational for only 20 min near the end of the burn. Station DC had two 
sensors separated by ~ 8 m. EG and DC used six-channel RT130 reftek 
digitizers (reftek.com) sampled at 500 sps. For the analysis presented 
here we are using only one sensor per station for stations EG and DC.

The fire was initiated by 5 all-terrain vehicles (ATVs) moving as a 
convoy. The ATVs were fitted with drip torches using a 50:50 mixture of 
diesel and gasoline for fuel. The ATVs were also equipped with GPS 
receivers and recorded location and time stamps of torch operation. 
Fig. 1(c) shows the ignition pattern. The fire started north of the section. 
The ATVs moved first along Rd.235 to the intersection of Rd 235 and Rd 
253 (Fig. 1a) and entered the unit close to radiometer A from Rd 253 and 
then moved northeast parallel to 235. The front of the fire propagated a 
total of ~ 2.1 km to the southeast. ATV ignition began at 18:10 UTC and 
ended at 19:47 UTC. This field site was in Central Standard Time (CST) 
for this time of the year, and it was 6 h behind UTC. A helicopter was 
present during the experiment, making circular passes above the unit 
during the burn [Fig. 1(b)]. This helicopter was deployed to monitor the 
burn. We summarize here the operational characteristics of the heli
copter but describe their significance for noise generation in the sub 
section Characteristics of the Acoustic wavefield.The helicopter was a 
Bell Long-Range with: 1) two blades for the main rotor with operational 
constant angular speed of 400 revolutions per minute (rpm) (41.88 rad/ 
s or 6.665 Hz) and 2) two blades for the tail rotor with angular speed of 
2,500 rpm (261 rad/s or 41.666 Hz).

2.2. Characteristics of the acoustic wavefield

Fig. 2 shows waveform data for one sensor from each station and the 
corresponding spectrogram. The waveforms at the three stations show 
amplitudes within ± 1 Pa. There are two main spectral features around 
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the time of the burn: a) spectrally discrete harmonic noise (tonal noise) 
and b) faint emergent broadband signals. The harmonic noise and 
broadband components of the wavefield are assumed to be rotor noise 
from the helicopter and combustion noise, respectively. Noise associated 
with helicopters and other rotor-based aerial vehicles is well-understood 
and characterized by harmonic noise in the infrasonic and low frequency 
acoustic band (<1000 Hz) [17]. The helicopter signals are the series of 
persistent oscillating horizontal lines. The fundamental frequency of this 
harmonic noise is related to the rate of rotation of the rotors [14] and 
modified by Doppler effect [18]. Two harmonic sequences (a funda
mental frequency and a series or multiple integer harmonics) can be 
observed in the three stations. These sequences have fundamental fre
quencies between 11 and 15 Hz and 19 to 21 Hz, for the first and second 
sequences respectively. The first sequence is stronger than the second 
one. The broadband signal can be also observed in all stations. However, 
the signal is weak and has variable spectral content. At station EG the 
signal seems to be stronger and reaches frequencies of up to 80–90 Hz for 
several minutes. We study the emergence and temporal evolution of this 
broadband signal by using features of the acoustic field and associating 
that to observations of the radiometers using Equation (3). Given the 
prevalence and high amplitude of the harmonic noise in our data, we 
start our analysis by spectrally removing helicopter noise the 
waveforms.

2.3. Removing helicopter noise

The signals from the helicopter are the most persistent acoustic 
feature during the experiment. These signals can be seen in the three 
stations between around 18:05 (few minutes before the start of the 
ignition 18:10) and 20:25 (almost 40 min after the end of ignition at 
19:47). These signals are seen in the spectrograms as harmonic noise 
with changing fundamental frequencies between 11 and 15 Hz and the 
corresponding harmonics. The fundamental frequency and its har
monics changed with time and depended on the relative velocity of the 

helicopter with respect to each station. To study the signals related to 
combustion noise, we first detect, characterize, and then remove the 
helicopter noise at each station. The detection starts by estimating the 
power spectral density (PSD) for short data intervals. We used a 10 s 
window and 50 % overlap. A Blackman-Harris window (Harris, 1978) is 
applied to reduce spectral leakage. The scipy routine find_peaks [19] is 
used on the PSDs for peak identification. The routine is configured to 
detect spectral peaks if the separation is higher than 10 Hz and the ratio 
between peak and base amplitudes is higher than 2. We used 10 Hz 
separation to avoid detections between 19 and 21 Hz related to tail rotor 
noise or interaction of main and tail rotors. The tail rotor harmonic 
sequence has peaks with significantly smaller amplitudes, and the 
routine sometimes does not trigger detections for this sequence. The 
results of the harmonic detection show clear harmonic noise with 
fundamental frequencies between 13.3 ± 2 Hz and up to the 6th har
monic. These fundamental frequencies correspond to the operational 
characteristics of the helicopter (i.e., two blades and 400 rpm) and the 
speed of the helicopter during the burn. The deviations from the 13.3 Hz 
are related to Doppler effect. These detections are used to remove the 
spectral peaks from the PSDs. This analysis followed a similar approach 
to Mann and Lees [20]. A 0.5 Hz section of the PSDs before and after a 
detected peak is removed. Then, a 2 Hz section before and after the 
removed peak is used to interpolate the removed region using a one- 
dimensional smoothing spline algorithm [21]. After removing and 
replacing the harmonic noise from the helicopter, a modified spectro
gram is constructed for each station. These modified spectrograms are 
used for studying the energy evolution of the broadband signal. The 
modified spectrograms were integrated between 2 and 100 Hz to esti
mate acoustic power of the broadband signal. Fig. S1 in the Supple
mentary Material shows an example of the detection and modification of 
a PSD from station ST.

Fig. 1. (a) Map of the burning unit (G25a), outlined in black, and vegetation type. Magenta crosses show the locations of radiometers and black squares for the 
stations. (b) Path of the helicopter, based on on-board GPS measurements. Note that the scale in this map changed to include the general movement of the helicopter. 
(c) Pattern of ATV ignition, based on on-board GPS measurements. Sensor distributions are shown in the inset maps (insets’ axes are in meters). The sensor in red 
(panel c) in station EG was only operational the last 20 min.
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2.4. Array processing

In the analysis, we assume signals propagate horizontally with 
apparent speed, v, from a source at a back-azimuth (θ). The F-k method 
[22–24] is used in our analysis. This method uses the cross-power 
spectral density matrix (S) to construct a spectrum Pf = P

(
Sf , v, θ

)
and 

finds the combination of parameters that maximizes the power of P. This 
analysis is done in the frequency domain to better assess and minimize 
the influence of the helicopter noise in the data. In our analysis, the 
multichannel data are represented by the vector x =

[
x1,⋯, xM], where 

M is the number of channels (number of sensors). We also define τ as the 
sampling interval (τ = 1/fs), and fs is the sampling rate. The discrete 

Fourier Transform of a window with Q samples for the j-th channel xj is 
defined as: 

yj(f) =
1
Nτ

∑Q− 1

q=0
wqxj(qτ)e− i2πfqτ (5) 

where w is a window (taper) of length Q. S(f) is defined as 

Sjk(f) = yj(f)*yk(f) (6) 

Where * is the complex conjugate operator. We estimate Sjk by averaging 
L consecutive windows as: 

Fig. 2. Waveforms and corresponding spectrograms of one sensor are shown for each station (decibels are relative to 1 Pa): a) ST, b) EG, and c) DC. The time 
corresponds to the hours of March 11th, 2024. The solid and dashed vertical lines at 18:10 and 19:47 UTC show the time for the start and end of the ignition. The 
waveforms show a slight increase in pressure with the arrival of the helicopter to the burning area. The helicopter noise can be seen starting a few minutes after 18:00 
UTC and stopping around 20:25 UTC when the helicopter left the area.
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Ŝjk(f) =
∑L

l=1
Ŝ

l
jk

/

L (7) 

Then, P is defined as: 

P(f , v, θ) = a*
f (v, θ)Ŝjk(f)af (v, θ) (8) 

here the vector af (v, θ) = ei2πfB is a steering vector. B= B(v, θ) is a set of 
time delays for a signal that arrives at each station and moves with speed 
v and direction θ. For each frequency, we evaluate P and identify the θ 
and v that maximize the spectrum. At the maximum value of P, we can 
find the degree of correlation of the signals in the beam and use that to 
estimate the strength of the beam. We generate for each analyzed win
dow and for each frequency three parameters: v, θ, and mean cross- 
correlation.

3. Results

The broadband signal shows a frequency range that changes with 
time and is station specific (Fig. 2). For the three stations the lower 
frequency limit is between 2 and 5 Hz. The upper frequency limit 
changes with stations but at around 19:20 the three stations reached the 
maximum frequency, i.e., around 40 Hz for ST and DC, and around 90 
Hz for EG. At the three stations, acoustic energy starts increasing with 
the beginning of the ignition at 18:10 UTC. The three panels in Fig. 3
show the evolution of the acoustic power across the sensor network with 
time (gray solid lines). To estimate power, the modified PSDs (helicopter 
noise removed) were integrated between 2 and 100 Hz. The estimated 
power varies over time, with different patterns at each station. We 
visually identify features in the PSDs to associate with different stages of 
the burn. The magenta o markers correspond to a pre-ignition time. At 
Station ST, two energy pulses almost equal in strength are shown at 
18:50 (blue x marker) and 19:20 UTC (green square marker). In the 

other two stations, the 18:50 UTC pulse is not clear, but the 19:20 UTC 
pulse is stronger. At EG and DC, a third pulse is visible at around 19:47 
UTC (black + maker and end of ignition) and continues for several mi
nutes. These pulses seem to follow a pattern of a moving source with the 
same pattern as the progression of the fire (based on ATV movement). 
For each panel in Fig. 3, the red dashed lines show the FRP for each 
radiometer, divided by the square distance between the sensor and 
radiometer, we refer to these values as scaled FRP. Observations of the 
acoustic power clearly show a pattern in the evolution of the fire, but 
those measurements cannot provide the direction of the incoming sig
nals. The estimation of power from a single sensor includes energy from 
all directions. Data from array ST are used to study the direction of these 
signals. The array data can be used to focus on sources located inside our 
study area. The multichannel data from Station ST are processed to 
extract the azimuthal evolution of the signals.

Fig. 4 shows the results of the array processing of Station ST. In each 
panel, time–frequency pixels are color-coded with back-azimuth (a), 
apparent speed (v), and mean cross-correlation (c). Pixels were filtered 
in (a) and (b) using a threshold of 0.8 from (c) mean cross-correlation 
and speeds between 340 and 400 m/s (b). We are using a 340 m/s 
lower band for the speed considering that the mean air temperature 
during the burn was 20◦ C, which corresponds to a sound speed of 343.5 
m/s. The helicopter signal has high-correlation values, and the esti
mated azimuths change rapidly and circulate around the station. Azi
muths derived from array analysis agree with the GPS-based locations 
reported by the helicopter. The analysis of signals from the helicopter 
are outside of the scope of this manuscript and are not presented here. 
They are mentioned primarily to suggest that the array analysis works 
well with respect to the helicopter signals. Derived acoustic speeds, or 
apparent velocities, reach values near and above 400 m/s, expected 
because of the proximity of the helicopter to the array, where signals 
arrive at high elevation angles. Furthermore, broadband signals inten
sify between 18:45 and 19:30 UTC. Speeds are mainly constrained 
below 360 m/s, and back-azimuths display a gradual, smooth 

Fig. 3. The time evolution of acoustic energy of the broadband signal and FRP. Panels a, b, and c correspond to stations ST, EG, and DC, respectively. In the three 
plots, the acoustic power is shown in decibels that are relative to 1 Pa. Scaled FRP data are shown (in red dashed lines) for all sensors. Scale FRP is computed by 
diving FRP to the square of the radial distance.
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progression, with back-azimuths between − 80◦ and − 180◦, corre
sponding to azimuthal directions emanating from the burning unit.

While it is possible to remove some of the helicopter interference, the 
primary signal of interest lies in the 2–10 Hz band where we focus on 
possible recordings of combustion signals. The radiometer sensors [12], 
identified by letters A to Z, provide spatio-temporal constraints on the 
dynamics of the fire progression. Fig. 5(a) shows the evolution of FRP 
with time relative to the onset of fire contact. The temporal character
istics of the FRP show clear onsets, with heat reaching the maximum 
values within 1 min of the onset and several minutes for heat to return to 
background levels. On average sensors detected heat for a duration of 5 
min. Sensors S and A have the longest detected thermal radiation, with 
around 19 and 24 min to reach background values, respectively. Sensors 
B and K display the shortest active times with around 3 and 1 min, 
respectively. Fig. 5(b) shows the evolution of acoustically estimated 
back-azimuths for the ST array. The green plus markers correspond to 
the average of back-azimuths azimuths between 2 and 10 Hz for one 
minute with the light green error bars corresponding to the standard 
deviation. The solid and dashed cyan lines are the back-azimuths of the 
top and bottom of the burn unit. The solid and dashed magenta lines 
correspond to the start and end of the evergreen forest patch shown in 

Fig. 1 (a). The blue dots correspond to back-azimuth–time location of the 
ATVs during ignition. The area between Rd. 235 and north part of the 
evergreen patch (back-azimuths between − 100◦ and − 125◦) which 
comprises mixed forest, generates coherent energy that lasts for around 
25 min, from 18:45 to 19:10 UTC. Note that at this point in the burn the 
ATVs have left this area and entered the back-azimuths of the evergreen 
region. Back-azimuth estimates between 19:10 and 19:20 UTC are 
constrained to the evergreen region. Note that FRP also shows that 
Sensors C, D, G, and K detected an increase in heat and coherent signals 
simultaneously.

4. Discussion

Acoustic instrumentation installed in the perimeter of unit G25 in 
Eglin Air Force Base during a RxF allowed researchers to characterize 
the acoustic wavefield during the burn. Two main components in the 
low frequency wavefield were identified: helicopter noise with har
monic features and a broadband signal proposed to be related to com
bustion processes. The helicopter signal displays discrete spectral energy 
and based on array processing, high coherence, apparent speed (>360 
m/s), and rapid azimuth changes, which correspond to the movement of 

Fig. 4. Results of array processing for Station ST. (a) Estimated back-azimuth direction of incoming wave. (b) Estimated apparent speed of the acoustic wave across 
the array. (c) Mean cross-correlation of the array nodes vs. frequency. Oscillating high values are helicopter noise and associated higher harmonics. Vertical solid and 
dashed black lines correspond to the start and end of ignition, respectively.
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the helicopter above the unit. Using these features of the helicopter 
noise, this component was filtered from the original PSD and used to 
track the evolution of the broadband signal. The acoustic power in the 
three stations (Fig. 3) follows a pattern of a source moving parallel to Rd. 
253. Using the array data from Station ST, we constrained the signal to 
the burning unit and to the lower frequencies between 2 and 100 Hz. The 
results from array processing, along with the GPS information from the 
helicopter and ATVs used for ignitions, confirm that this broadband 
signal is not from contextual operations (Fig. 5), and the research team 
hypothesizes that it is related to combustion noise. Using the radiometer 
data, we identified times and areas that radiated heat and found 
coherent acoustic signals (Fig. 3 and Fig. 5). With the acoustic network, 
features of the power of the wavefield and azimuthal distribution of 
signals were discovered, and a bulk direction of movement of the 
combustion noise was established. However, with the instrumentation, 
the noise sources could not be constrained in two dimensions. To 
identify the location of heat sources, future deployments could use 
multiple arrays around areas being burned. The array analysis presented 
here assumed a single point heat source, but multiple sources are active 
at the same time at different back-azimuths (Fig. 5b). Other array 
techniques optimized to study multiple sources [25] could be used to 

analyzed sound from wildfire and RxFs and potentially track the evo
lution of multiple fronts or regions in burning areas simultaneously.

The radiometer network deployed at Eglin Air Force Base provided in 
situ measurements of the temporal evolution of heat release in areas 
within the fire. Some areas with active release of heat were identified as 
sources of acoustic energy. Equation (2) shows a direct relationship 
between pressure and change in total heat release rate. This can be 
exploited to use acoustic measurements, recorded remotely, as a proxy 
for total heat release rate. Having a spectral range of up to 1,000 Hz (for 
ST), acoustic data may be used to extend, complement, or validate other 
low-rate heat sensors. For example, Fig. 6 shows PSD estimates for one 
sensor of each station at times with peak acoustic energy (colored dots in 
Fig. 3) before arrival of helicopter and ignition start (magenta line), at 
the first pulse of energy of ST (blue line), second pulse of energy of EG 
(green line), and third pulse of energy at DC and the stop of ATV igni
tion. The highest energy levels for all sensors are at 19:20 UTC, corre
sponding to highly coherent signals with azimuth in the direction of the 
evergreen forest patch (Fig. 5). At the point of highest energy, the PSDs 
do not show a clear and distinct peak but rather show a more broadband 
increase in energy. This may be related to combinations of acoustic 
signals from multiple types of fuels at different radial distances.

Fig. 5. A) FRP data from the radiometers listed alphabetically to correspond to map location. For each radiometer time 0 corresponds to the time of maximum FRP. 
b) back-azimuths estimated from acoustic data versus time. mean and error (one standard deviation) values over one minute are shown in dark green plus markers 
and light green lines, respectively. The average includes well-resolved back-azimuths estimated at station st for frequencies between 2 and 10 Hz. The solid and 
dashed cyan lines indicate back-azimuths for the top and bottom of the burn unit. The solid and dashed magenta lines correspond to the start and end of the evergreen 
forest region shown in Fig. 1a. The blue dots correspond to azimuth-time location of the ATVs during ignition.

O. Marcillo et al.                                                                                                                                                                                                                                



Applied Acoustics 235 (2025) 110657

8

We are describing acoustic and infrasonic signals from combustion 
that are associated to temporal changes in the heat release rate. Large 
wildfires energetically modify their own environment and may generate 
also gravity waves by pushing large amounts of hot air upward. We 
suggest that some regional and global infrasound array deployments 
may provide means to capture infrasonic signals and gravity waves from 
large wildfires. For example, station IS53US in Alaska is an infrasound 
station of the CTBT International Monitoring System [26].The location 
and topology of this station can be suitable to look for signals related to 
gravity waves generated by large fires. There are datasets of daily 
growth on large fires in the western United States [27] that could be 
used with stations like IS53US to look for signatures from large wildfires.

5. Conclusions

Acoustic signals with low-frequency content (<100 Hz) emanating 
from an area during a RxF were identified. Proposed fire signals are 
dynamic and change in space and time. The intensity and spectral 
content of the signals depend on the instantaneous fire evolution and 
relative sensor distance. Using a sensor array, the azimuthal evolution of 
these signals was tracked and associated with the movement of the fire 
estimated by ground truth in the form of a network of radiometer sen
sors. The method simultaneously located the monitoring helicopter 

during the experiment, corroborating the array processing capabilities 
and allowing separation of helicopter and fire-related noises in azimuth 
and frequency. These first observations may provide the basis for future 
deployments to capture the acoustic signature of fire. Acoustic energy 
may provide constraints on the intensity, growth, dynamics, and ge
ometry of the fire. Extracting fire characteristics and dynamics using 
sound may complement other more established measurements by 
providing continuous data remotely that are not constrained to line-of- 
sight or visibility conditions that can be affected by smoke or 
topography.
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(fundamental and multiple harmonics).
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