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Abstract: Distributed acoustic sensing (DAS) is a promising technology for underwater acoustics, but its instrumental response
is still being investigated to enable quantitative measurements. We use fin whale 20Hz calls to estimate the conversion between
DAS-recorded strain and acoustic pressure. Our method is tested across three deployments on varied seafloor telecommunica-
tion cables and ocean basins. Results show that after accounting for well-established DAS response factors, a unique value for
water compressibility provides a good estimate for the conversion. This work represents a significant step forward in character-
izing DAS for marine monitoring and highlights potential limitations related to instrument noise floor. VC 2025 Author(s). All arti-
cle content, except where otherwise noted, is licensed under a Creative Commons Attribution (CC BY) license (https://creativecommons.org/
licenses/by/4.0/).
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1. Introduction

Distributed acoustic sensing (DAS) re-purposes existing fiber optic cables into large receiver arrays capable of detecting
and localizing underwater acoustic sources, e.g., controlled sources (Douglass et al., 2023; Matsumoto et al., 2021; Shen
et al., 2024), ships (Landrø et al., 2022; Rivet et al., 2021), and whales (Bouffaut et al., 2022; Rørstadbotnen et al., 2023;
Wilcock et al., 2023). It offers an opportunity for real-time acoustic monitoring over tens of kilometers with a spatial reso-
lution of a few meters. This fiber-sensing technology leverages Rayleigh backscattering and phase shifts in laser pulses to
measure distributed strain (see Hartog, 2017, for a comprehensive review). However, the array response is still an open
research question.

Lior et al. (2021) assessed the capabilities of marine DAS for seismology by comparing ambient sound power
spectrum densities up to 30Hz from data collected by three fiber optic cables to those from existing on-land and underwa-
ter broadband seismometers at various locations and depths along each cable. Further research from Matsumoto et al.
(2021) and Taweesintananon et al. (2021) used geo-referenced airgun sources to evaluate DAS frequency response in strain
(dimensionless) compared to a hydrophone and seismic streamers. Using a co-located hydrophone, Douglass et al. (2023)
compared signal-to-noise ratios (SNRs) of signals produced by a broadband bubble pulser. While the literature generally
agrees that a DAS strain response for a specific cable-interrogator configuration is influenced by gauge length, signal fre-
quency, wave velocity, and source–receiver grazing angle, the conversion of DAS RLs from strain to acoustic pressure
remains unsolved. This conversion marks a significant advance in establishing DAS as a quantitative acoustic recorder,
building on decades of passive acoustic monitoring research.

This study aims to refine our understanding of the sensitivity and frequency response of DAS to waterborne
acoustic signals in the frequency range of low-frequency baleen whale vocalizations. Specifically, we use fin whale 20Hz
calls as reference sources to explore the link between recorded strain and expected acoustic pressure levels. The analysis
relies on DAS data collected with different acquisition setups, and located along three different ocean basins: the
Northeastern Pacific Ocean, Mediterranean Sea, and North Atlantic Ocean.

a)Author to whom correspondence should be addressed.

JASA Express Lett. 5 (4), 040802 (2025) VC Author(s) 2025. 5, 040802-1

ARTICLE asa.scitation.org/journal/jel

 02 Septem
ber 2025 19:39:25

https://orcid.org/0000-0002-5318-294X
https://orcid.org/0000-0003-2895-1089
https://orcid.org/0000-0002-0001-6585
https://orcid.org/0000-0003-4126-0020
https://orcid.org/0000-0003-1078-7268
mailto:lea.bouffaut@cornell.edu
mailto:qgoestch@uw.edu
mailto:robin.a.rorstadbotnen@ntnu.no
mailto:sladen@geoazur.unice.fr
mailto:arthur.hartog@fosina.fr
mailto:Holger.Klinck@cornell.edu
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1121/10.0036351
https://scitation.org/journal/jel
http://crossmark.crossref.org/dialog/?doi=10.1121/10.0036351&domain=pdf&date_stamp=2025-04-09


2. Expression of the DAS amplitude response to water-born acoustic signals

DAS uses repeated laser pulses to probe an optical fiber for changes in local strain related to acoustic pressure through the
elasticity of the propagation medium. A complete DAS sensing system is composed of (1) an interrogator, the optoelec-
tronic transducer that emits laser pulses (typically, 1550 nm) then converts the returned interferometric light into a digital
signal and processes it into strain; (2) an optical fiber that transmits the laser pulse and backscattered light from and to
the interrogator; (3) laser-backscattering fiber anomalies, present all along the fiber and reflecting the laser toward the
interrogator (Hartog, 2017). Incident pressure waves displace the laser-backscattering anomalies, introducing changes in
the optical path length (extracted as a phase shift). The interrogator averages time-differentiated phase change over short
fiber sections, namely the gauge length, at regularly spaced intervals along the fiber to create virtual distributed sensing
channels. Finally, phase shifts are converted into longitudinal strain waveforms for each corresponding fiber section. The
resulting DAS-recorded strain data, sampled in both time and space, is accessible in near-real-time. Current commercial
DAS interrogators can typically record nanostrains.

To describe the received level on each DAS channel, we use the formalism of the sonar equation. The received
strain level on the DAS array in dB re 1 le, is expressed as

RLdB re 1 le ¼ RLdB re 1lPa þ SPa!e þ HDASe ; (1)

where RLdB re 1 lPa is the received pressure level in dB re 1 lPa, SPa!e denotes the conversion term in dB between acoustic
pressure and the strain measured by DAS, and HDASe denotes the response of DAS in dB relative to strain in the
bandwidth of the signal of interest, under linear assumptions, assuming a uniform response along the fiber and negligible
crosstalk between channels. The received pressure level can be expressed as the combined contributions of the source level
of the signal of interest, denoted SL (dB re 1 lPa @1m) and the transmission loss, TL, which represents the propagation
of the acoustic wave between the source and each receiver,

RLdB re 1lPa ¼ SLþ TL: (2)

In this work, TL is estimated from the coherent arrivals of the direct and surface-reflected paths (see supplementary mate-
rial Sec. 1). Finally, the DAS response in strain can be described as the combination of two effects

HDASe ¼ Gj þ GGL; (3)

with Gj being the coupling between the cable coating and the sensing fiber, and GGL being the effect of the gauge length
(GL) (Taweesintananon et al., 2021). The dependency of each term related to, e.g., the grazing angle and gauge length is
given in supplementary material Sec. 1. The strain received level described by Eq. (1) takes different values along the whole
DAS array. Combining the received pressure level [Eq. (2)] and DAS response [Eq. (3)] equations into Eq. (1) gives a
complete overview of the effects considered in our analysis of DAS RLs in dB strain,

RLdB re 1le ¼ SLþ TLþ SPa!e þ Gj þ GGL: (4)

Conversely, the conversion of DAS-recorded data into pascals (Pa) is

RLDAS dB re 1 lPa ¼ RLdB re 1 le � HDASe þ Se!Pa; (5)

where Se!Pa ¼ �SPa!e is the conversion factor from strain to Pa in dB. Based on the expression of each independent term
given in supplementary material Sec. 1, the total DAS response to an incident wave with a given frequency and sound
speed is a function of the elasticity of the medium, the grazing angle, coupling, and gauge length. The frequency range of
validity for this proposed framework is discussed in Sec. 6.

3. Description of the datasets

The data used in this work were collected at three locations (Fig. 1) across the North Pacific Ocean (Ocean Observatories
Initiative, OOI South) (Wilcock et al., 2023), North Atlantic Ocean (Svalbard) (Rørstadbotnen et al., 2023), and
Mediterranean Sea (MedSea) (Rivet et al., 2021), with respective recording parameters summarized in see supplementary
material Sec. 2 (Bouffaut et al., 2025). Each independent dataset provided access to a unique DAS configuration with vari-
ability in depth range, seafloor sediments, length of the instrumented fiber, and gauge length. Cable armor was unknown
but expected to vary with depth (Carter et al., 2009). Channel spacing and sampling frequencies were harmonized in a
pre-processing stage (Sec. 4).

These datasets contained recordings of fin whale 20Hz calls, a regularly produced<1 s downsweep, with fre-
quencies around 20Hz, believed to be produced exclusively by males. Fin whale 20Hz calls have been reported with an
average SL of ’189 dB re 1 lPa @1 m (see review in supplementary material Sec. 3). Variations are observed in call center
frequencies and inter-call intervals between distinct acoustic populations, e.g., in the North Atlantic (Romagosa et al.,
2024), MedSea (Best et al., 2022), and North East Pacific (Oleson et al., 2014). Fin whales have been reported to produce
these vocalizations at a depth of 15–20 m (Stimpert et al., 2015). Fin whale 20Hz calls were used as a well-characterized
source of opportunity in this work. Data were first scanned visually during a day with known fin whale presence (from
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previous analysis) to select a vocalization from each configuration, aiming for a variety of offsets, a high signal-to-noise
ratio where a call is received and visible on multiple DAS channels, and no overlapping vocalizations from other whales.
The selected OOI South fin whale 20Hz data were recorded on November 2, 2021 at 19:00 UTC, MedSea data were
recorded on September 22, 2023 at 09:13 UTC, and Svalbard data were recorded on August 22, 2022 at 12:39 UTC.

4. Extracting the amplitude level of fin whale 20 Hz calls along DAS arrays

4.1 Data processing workflow

To investigate the amplitude response of the DAS sensors, the data underwent multiple steps to account for instrument-
specific variations in output, isolate fin whale 20Hz calls, and correct for the source–receiver geometry. These different
steps are highlighted in Fig. 2 and detailed in the remainder of this section. Data were pre-processed using the
DAS4Whales Python package (Bouffaut, 2023) to harmonize temporal and spatial sampling. Each file was conditioned by
(1) loading and converting data to strain (interrogator-dependent), (2) resampling data in time (fs¼ 200Hz) and space
(channel spacing¼ 8m) and, (3) applying a combined frequency-wave number (f–k) (1450–3300 m/s, designed with taper
providing gradual attenuation 6150m/s from the selected speeds to minimize artifacts) and bandpass filter (14–30Hz) to
isolate fin whale 20Hz calls propagating in the water and sediments.

Pre-processed data were then labeled using a custom tool to match theoretical arrival times with recorded data
in the spatiotemporal domain (see supplementary material Sec. 4). The theoretical arrival times were calculated accounting

Fig. 1. (A) Overview and (B)–(D) bathymetric maps of the arrays used to test the conversion of DAS-recorded strain into pascals. DAS arrays
are spread across three locations. (B) OOI North and South DAS out of Pacific City, Oregon, USA in the North East Pacific Ocean,
GL¼ 51m, (C) MedSea DAS out of Toulon, France, in the Mediterranean Sea, GL¼ 4m, (D) Svalbard DAS out of Longyearbyen, on
Spitsbergen, Norway in the North Atlantic Ocean, GL¼ 8m. Bathymetric data from GEBCO Compilation Group (GEBCO, 2024).

Fig. 2. Schematics of the data analysis pipeline where (A) raw data are pre-processed, (B) manually labeled, (C) time-compensated, to produce
(D) a measurement of the DAS response in strain to a fin whale 20Hz call. The is illustrated on OOI North data, on 2021-11-02 at 17 28 15
UTC.
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for depth variations, the three-dimensional (3D) distance between the whale and each DAS channel, and assuming a con-
stant sound speed of c¼ 1490m/s for all configurations. The annotator defined the apex (channel of the first time of
arrival), offset (distance between the whale and the DAS at the apex), and first time of arrival based on the match between
the curves. When the cable geometry was sufficiently asymmetric, the annotator could determine the side of the source rel-
ative to the cable.

The pre-processed data were time-aligned in the final processing step, compensating for theoretical travel times
associated with the labels. This step aimed to isolate the first arrival pair (direct and surface-reflected paths), limiting the
analysis to a single set of grazing angles. We used the call-associated labels to retrieve theoretical arrival times. The com-
pensation was performed on a 10 s window, chosen to enable the analysis of a received signal over ’15 km on each side
of the apex [Fig. 2(C)]. Each call-associated DAS strain received level was then estimated by averaging the amplitude over
a 2 s window, ensuring the capture of the entire signal (<1 s) and accommodating for some potential offset or c error. The
noise level (NL) was also estimated on a 2 s window within the minute preceding the call, applying an identical time com-
pensation and ensuring no overlap with other calls. Code supporting this work is available in open access (Bouffaut,
2025).

4.2 Fixed parameters and approximations used in our calculation of the amplitude response of DAS

Our simulations of DAS RLs used several fixed variables and approximations that are further discussed in Sec. 6.1. The
transition range (rT), the distance at which sound propagation transitions from spherical to cylindrical (Duncan and
Parsons, 2011), was empirically set to n� water depth at the apex with n¼ 4 for OOI South and MedSea, and n¼ 8 in
Svalbard. Fin whale 20Hz calls were considered to be produced with a central frequency of 20Hz at a depth zwhale ¼ 20 m
(Stimpert et al., 2015) with a source level SL¼ 189 dB re 1 lPa @ 1 m (see supplementary material Sec. 4). The sound
speed in the water was fixed at a standard c¼ 1490m/s. For DAS data, we followed the approach by Taweesintananon
et al. (2021) by considering the pulse width equal to the gauge length of each configuration (supplementary material
Sec. 2), and setting the ratio between the Young’s modulus of the cable and fiber a ¼ 0:8 as the cable is expected to have
a smaller effective Young’s modulus than the fiber (supplementary material Sec. 1). Supplementary material Sec. 6 presents
a sensitivity analysis on the effect of c, zwhale and a on DAS response.

5. Results: Comparison of the recorded and simulated DAS amplitude responses

We analyzed fin whale 20Hz calls recorded at three locations: the call recorded on the OOI South data was estimated
with an apex of 31.95 km and an offset of 340m, the one on MedSea with an apex of 35.35 km and an offset of 2375m,
and the one from Svalbard with an apex of 79.0 km and an offset of 1500m. Figure 3 illustrates the different contributions

Fig. 3. Fin whale 20Hz calls received along three DAS arrays in the North East Pacific Ocean [OOI South; (A), (D), (G), (J) apex: 32 km, off-
set: 0.3 km], the Mediterranean Sea [MedSea (B), (E), (H), (K); apex: 35 km, offset: 2.4 km], and the North Atlantic Ocean [Svalbard (C), (F),
(I), (L); apex: 79 km, offset of 1.5 km]. (A)-(C) Bathymetry along each array. RLs on DAS result from the combination of (D)-(F) the pressure
levels received on the cable RLdB re 1 lPa, simulated following Eq. (2), (G)-(I) the instrument response HDASe in dB re 1 le, simulated following
Eq. (3), and, a conversion factor between pressure and strain SPa!e, (J)-(L) comparison between measured and simulated RLs on DAS in dB
re 1 le, overlaid with measured NLs. DAS RLs are simulated following Eq. (4) with a unique conversion factor SPa!e ¼ 187:2 dB.
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to DAS RLs expressed in Eq. (1) for these three DAS arrays. On OOI South and MedSea, the offset of the whale and local
depth at the location of the apex [Figs. 3(A) and 3(B)] were equivalent, which corresponds to the nearest possible offset
resolution. For Svalbard, the whale vocalized at an offset close to five times the local bathymetry.

Figures 3(D)–3(F) represent the received pressure levels along the fiber. They illustrate the effects of spherical
spreading combined with the interference field (rT !1) and cylindrical spreading (rT ! 1). Note that a 30 dB offset was
subtracted from RLdB re 1 lPa (rT ! 1) only for graphical purposes. The resulting RLdB re 1 lPa for OOI South shows a rapid
amplitude decrease in the vicinity of the apex, with a slightly asymmetrical transition range between the left and right side
due to positive depth gradient close to the apex [Fig. 3(A)]. For MedSea, most of the analyzed DAS section is in the spher-
ical propagation range (except under 20 km), where the abrupt variations are related to the “W” shape of the DAS array
between 40–52 km. For Svalbard, the increased whale offset introduces a more gentle slope to the spherical amplitude
decay.

Figures 3(G)–3(I) illustrate the effects of the coupling, Ge, and gauge length, GGL, that are both dependent on
the grazing angle h (supplementary material Sec. 1). The sum of these two terms, HDASe , represents the DAS response. For
all sites, Ge ! �1 in the vicinity of the apex. GGL is only significant for OOI South where the gauge length is much
larger than at the other sites (51m against 4 and 8m), causing ’16 dB attenuation just a few kilometers away from the
apex, when h becomes small. With the additional Ge term, the amplitude response at OOI South is reduced by nearly
20 dB at all distances, with no sensitivity to direct waves at the apex. At the other two sites, GGL is close to zero because
of the small gauge lengths relative to the wavelength of the signal. HDASe is then dominated by Ge that demonstrates a
strong sensitivity to changes in h. The width of the sensitivity gap at the apex is also dependent on h, which increases
with offset at a set configuration.

Finally, Figs. 3(J)–3(L) compare simulated [following Eq. (4)] and measured received strain levels. Overall, we
were able to reproduce the main trends in the amplitude response of the DAS measurements using a unique conversion
factor SPa!e ¼ 187:2 dB. In particular, there is good agreement near the apex, where combined effects strongly impact the
measured signal. Away from the apex, the propagation loss trends match the observed signal decays but do not capture
smaller local amplitude variations. Note the drop in amplitude, e.g., close to 19 and 46 km on OOI South, is related to our
choice of analysis window (10 s) that reduces the range of valid distances to less than 615 km around the apex [see Figs.
2(C) and 2(D)]. The comparison to the measured noise NL was used to interpret potential trends in RLdB re 1 le. For OOI
South, the fin whale RL blends in noise below ’22 km while it is received up to the furthest measurement points 14 km
away from the apex in deeper waters. MedSea fin whale RL is affected by the array geometry: at the furthest distances,
there is a good agreement between the simulated and measured levels. However, RLs are close to 10 dB under simulated
levels between 23 and 29 km and both noise and RLs are above the predicted values around 20 km. This DAS setup also
presents locations with reduced sensitivities e.g., around 43 and 49 km. Finally, there is a good agreement in predicted and
simulated RLs in Svalbard with an increased RL at 91 km because of the vocalization of another individual. The spatially
average noise level was estimated at �94 dB between 20 and 45 km on OOI South, �90 dB between 23 and 50 km for
MedSea, and �91 dB between 68 and 90 km in Svalbard. Following Eq. (5), the time-compensated data presented in Figs.
3(J)–(L) can be converted into Pa to match 3(D)-3(F) (supplementary material Sec. 5).

6. Discussion

This study investigates the conversion of DAS-recorded strain to acoustic pressure through the compensation of the DAS
response using a unique conversion factor, tested on fin whale 20Hz calls in heterogeneous recordings from three
locations.

6.1 Approximations in the methodology and limitations

The analysis pipeline (Sec. 4) relies on an analyst’s estimate of the position of the whale relative to the DAS array (whale
apex, offset, and start time) based on time of arrivals and considering a constant sound speed. This method lacks offset
resolution for distances smaller than the local bathymetry. It can be imprecise at large offsets, particularly when arrival
time fits are defined at channels farther from the apex where assuming a constant sound speed may introduce errors.
Some of this potential error is absorbed by the final 2 s average window that enables signals propagating c ¼ 14906 60 m/
s to arrive 15 km away from the apex within 0.8 s from each other. Yet, it was chosen for its simplicity and replicability to
other DAS deployments on single, straight fibers over more complex localization schemes using two fibers as in
Rørstadbotnen et al. (2023). Surface-generated coherent interference patterns (Lloyd’s mirror effect) could help resolve
whale offset and vocalizing depth simultaneously (Pereira et al., 2020) on single fibers. Another localization limitation is
the lack of precision in cable positions as they are often based on the trajectory of the cable-laying vessel, which can be
improved using a controlled source (Shen et al., 2024).

As a first assumption, whale vocalizing depth was set to a fixed value, similarly to whale source levels and other
variables (Sec. 4.2). These values were set at documented reasonable averages to limit the number of parameters in our
analysis. Yet, we acknowledge that they may present variability, e.g., fin whale source levels are reported with a standard
deviation of 4–6 dB (see supplementary material Sec. 4) and source depth have been shown between 15–20 m on tag data
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(Stimpert et al., 2015) and indirectly measured around 70m (Pereira et al., 2020). Supplementary material Sec. 6 presents
a sensitivity analysis of the effects of c, zwhale and a on DAS response. The resulting variance is smaller than SL standard
deviation, indicating that SL is the dominant source of variability in this study.

We determined the transition range, rT, along each DAS empirically, which led to four times the water depth in
both OOI South and MedSea datasets, but to eight times the water depth in Svalbard. In shallow water, it depends on sea-
bed properties, especially its critical grazing angle (if h < hc close to perfect reflection). Softer and less reflective seabeds
have smaller critical angles leading to larger values of rT, matching Svalbard’s sedimentology (mostly sludge) compared to
the other locations (Duncan and Parsons, 2011).

6.2 Result interpretation and implications

This work considered and modeled direct and surface-reflected coherent propagation paths impinging DAS at the grazing
angle h. In situ, 3D propagation of a signal results in multiple sets of arrivals on DAS, originating from bottom-surface,
local bathymetry, and sub-seafloor reflections (Bouffaut et al., 2022). This creates a range of grazing angles for a single
emission. These additional paths may counteract energy loss for wavefronts normal to the fiber. However, they can also
generate additional coherent interferences. Multipath propagation and modal acoustics fields may be responsible for some
of the local energy variations observed in Figs. 3(J)–3(L) at all sites (Shen et al., 2024). In the MedSea, the increase in RL
(and NL) observed around 20 km, is present on many files; some with distinct times of arrivals, others as a diffused 20Hz
far-field energy band resembling sound fixing and ranging propagation. It is followed by a section of cable where RL¼NL
’29 km. These energy variations could be the effect of the steep bathymetric gradient (these channels are close to 2000m
depth), where acoustic modes excited by the 20Hz call in deeper water reach a cut-off frequency and therefore dissipate
when propagating toward shallower water. There could be some uncertainties on the cable location but the abrupt change
at 29 km seems to match with changes in sediments from mud to sandy mud. In comparison to the two other DAS,
MedSea also presents several channels, or groups of channels, with reduced sensitivities. For this call, the whale was local-
ized with an apex at 35 km, and a ’ 2 km offset on the outer end of the fiber (outside of the curve between 20–40 km).
Therefore, the observed sensitivity drops at 43 and 49 km are related to small h on the fiber.

We find that the value SPa!e ¼ 187:2 dB yields a good agreement between simulated and measured received
strain levels. Carter et al. (2009) underlines that fiber optic cable protection varies with depth. Nearshore, cables are gener-
ally armored and often buried into the seabed (down to ’1500 m depths) as a protective measure against local hazards,
e.g., bottom trawl fishing and shipping activities. The MedSea cable extends below usual burial depths and may also be
covered by depositing sediments. There is a frequency range for which the burial depth is transparent to the acoustics
wave, i.e., the wavelengths are long enough to ignore the presence of the sediments overlaying the cable so the wavelength
received on DAS propagates mostly in water. Assuming a 2m average burial depth and a minimum wavelength of
4� burial depth to be conservative, the range of validity of the proposed analysis spans ’0–185Hz for c¼ 1490m/s.
Using a unique conversion factor SPa!e, our results show minimal differences in expected and measured RLdB re 1 le across
sites, potential burial depths and sediment types, suggesting a minimal influence of the seabed on DAS response at these
frequencies.

Budiansky et al. (1979) demonstrated that sensitivity of a bare fiber to pressure is increased by over a tenfold
when using cladding as it increases the compressibility of the fiber. Under external pressure, the coated fiber will contract
with the coating in the axial direction so that the strain in that direction is mainly controlled by the cladding material,
which was tested on a fiber coated with a unique layer of Teflon-like plastic. Yet, modern telecommunication fibers are
covered with a succession of materials (see Fig. 2.4 in Carter et al., 2009 for cross sections note that the diameter of
double-armored cables< 50mm is currently the maximum level of protection and uses galvanized steel). A thorough
assessment of the impact of cladding and protective layers on the sensitivity of the fiber requires analytical or modeling
solutions, particularly for some cable structures, e.g., loose fiber in a steel tube. Without gel, the pressure might not be
transmitted to the fiber and the dominant effect of an incoming pressure wave would be through elongation of the cable.
In our analysis, we integrated the relationship between the fiber and coating materials in the coupling term, Gj, with graz-
ing angle dependency and incorporating a ratio of the Young’s moduli of the cable and fiber, which provides a reasonable
approximation of the response at all sites. Note that detailed information on the composition of fiber optic cables used for
DAS is scarcely available.

We suggest that the conversion from dimensionless strain, e, to pressures, p, in Pa could depend on the water
compressibility for water-propagated acoustic signals<185Hz. Water compressibility is expressed by the bulk modulus
Kwater, such as e ¼ p=Kwater, at each array element varying as a function of temperature and depth (Safarov et al., 2009). A
Kwater 2 2:2� 2:5� 109 Pa provides close values when converted to dB, Se!Pa ¼ 20 log10Kwater 2 186:8� 188:0 dB.

We noted that in contrast to shorter gauge lengths, the larger gauge length of OOI South lowers the DAS
response [Fig. 3(G)]. A 51m gauge length is not negligible compared to the ’75 m wavelength of the signal. This observa-
tion is in agreement with the frequency-dependent impact of the gauge length described by Dean et al. (2017) at h¼ 0,
where GGL decreases to a first GGL ! �1 notch at multiples of c/GL ’ 29Hz. However, long gauge lengths (in compari-
son to the wavelength of the signal) enable a better averaging of incoherent optical noise improving the SNRs of coherent
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acoustic waves even in under-optimal settings, especially when the apparent wavelength increases away from the apex
(Dean et al., 2017). This trend of lower noise levels for longer gauge lengths is verified by our measurements, where the
NL obtained on data from OOI South is 3–4 dB lower than on the other DAS. Yet, this reduction may also be due to
other factors, such as ocean noise variability (Shen et al., 2024) or various instrumental noise floors. From Figs. 3(J)–3(L),
the difference between maximum RL and averaged NL is 30 dB for OOI, 15 dB for MedSea, and about 10 dB in Svalbard.
These differences reported to our simulated received pressure levels gives an average noise measurement between ’95–112
dB re 1 lPa across sites, which is above expected noise levels at these frequencies. The NL increase along the fiber is also
observed in other Svalbard publications (e.g., Landrø et al., 2022; Taweesintananon et al., 2023) and could be the result of
long-range DAS implementation. These first estimates of instrument noise floors raise a potential limit in the detection
range of water-borne acoustic signals, the maximum source–receiver distance for a signal to be detected, as they seem to
be 20–30 dB higher than the expected ambient noise levels.

Supplementary Material

See the supplementary material for (1) an overview of theory behind DAS sonar equation, (2) data collection parameters
for each DAS, (3) a review of fin whale source levels, (4) a description of our custom annotation tool, (5) an illustration
of DAS data converted into Pa, and (6) a sensitivity analysis of the parameters of our model.
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