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Abstract
Detecting tsunamis in the open ocean before they reach the coast is critical for saving lives, yet open-
ocean observations remain sparse and costly. Submarine telecommunication cables span many
tsunami-prone regions and can be instrumented with distributed sensing, but their tsunami sensitivity
remains uncertain. Here we report observations of the transoceanic tsunami generated by the Mw 8.8
Kamchatka earthquake on 29 July 2025, obtained through distributed acoustic sensing (DAS) on a 400-
km telecommunication cable array offshore Chile. After suppressing background and instrumental noise,
we recover coherent tsunami signals along hundreds of kilometres of cable despite maximum open-
ocean amplitudes of only ~ 4 cm. The recovered signals agree with tsunami simulations, while revealing
spatial variability in cable sensitivity. Converting DAS strain to water elevation empirically, we reconstruct
the tsunami wavefield and predict coastal tide-gauge records where constrained by high-fidelity cable
segments, providing 5 to 15 minutes of warning time before the tsunami arrives at the coast. These
results demonstrate the viability of an end-to-end tsunami warning system based on existing submarine
cables.

Main
Tsunamis are among the most destructive natural hazards. The 2004 Indian Ocean tsunami and the
2011 Tohoku tsunami remain two of the deadliest natural disasters in modern history, claiming over
230,000 and 22,000 lives, respectively [1, 2, 3]. In both cases, the amplitudes of tsunamis far exceeded
authorities' expectations, exposing critical gaps in monitoring and warning capabilities [4]. These
tragedies marked a turning point, prompting global efforts to improve tsunami forecasting and early
warning systems. Earthquake observations provide rapid source information, but direct tsunami
observations are needed to unequivocally constrain the evolving tsunami wavefield and to forecast
coastal impact. This is especially true considering that tsunami hazards cannot be always reliably
inferred from earthquake source parameters alone, and that some are caused by non-earthquake
sources including submarine landslides and volcanic activity.

Substantial efforts have been made to expand direct offshore tsunami observations, most
comprehensively through dense cabled pressure-sensor networks such as S-net and DONET/DONET2 in
Japan [5, 6]. However, the high cost of such dedicated infrastructure precludes widespread deployment,
leaving most of the world reliant on sparse open-ocean DART buoys [7] and large areas of the ocean
without direct observations. Moreover, remote buoy outages remain an operational challenge [8]; for
instance, four of 14 DART buoys examined in a 2016 network assessment were inoperative at the time of
the study, potentially degrading tsunami-forecasting capability and requiring timely repair [9]. Without
affordable and dependable monitoring solutions, many high-risk tsunami zones remain completely
unequipped. Regions like the Makran Subduction Zone (Persian Gulf) are prime examples: despite
significant tsunami hazards, their long or uncertain return periods make it difficult to justify
implementing full warning infrastructure.
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Submarine telecommunication cables instrumented with distributed acoustic sensing (DAS) provide a
potential pathway to overcome these limitations by transforming existing seafloor infrastructure into
large-scale offshore observation networks [10, 11 12]. Extending nearly 1.5 million km globally, these
cables offer unprecedented spatial coverage without deploying new instruments offshore. By analysing
changes in backscattered light, DAS converts optical fibres into dense arrays of longitudinal-strain
sensors over thousands of kilometres [14]. The mechanisms by which a cable longitudinal strain can
sense tsunamis have been quantified in principle [13]. However, tsunami observations by submarine DAS
remain limited; in particular, direct, open-ocean observations of a tsunami wavefield are lacking, which is
a crucial gap because resolving the wavefield in space and time is the only viable path towards
forecasting coastal wave heights. Previous studies have detected tsunami-related signals [15–17],
including from non-tectonic sources [18], but either through indirect inference [16], without resolving the
tsunami wavefield [15, 17], or at much shorter periods than those of tectonic tsunamis [18]. A key
question remains: can dense and continuous measurements, despite strong noise and spatially variable
cable responses, resolve tsunami wavefields with sufficient fidelity to monitor tsunami evolution and
forecast coastal wave heights?

Direct observation of the tsunami wavefield
Here we report direct DAS observations of the 2025 Mw 8.8 Kamchatka tsunami on a 400-km-long
submarine telecommunications cable array offshore central Chile. From nearly 26,000 sensing channels,
we recover a coherent tsunami-induced wavefield over hundreds of kilometres of seafloor cables despite
its small open-ocean amplitude and strong instrumental and ambient noise. We use these observations
to demonstrate that submarine telecom cables are sufficiently sensitive to tsunami-induced deformation,
allowing for the reliable forecasting of coastal impact and enabling DAS-based tsunami early warning.

The 2025 Mw 8.8 Kamchatka earthquake generated a transoceanic tsunami that was recorded by the
ABYSS submarine DAS observatory offshore central Chile (Fig. 1) [19], providing a unique dataset for
observing tsunami propagation along submarine telecommunications cables and assessing their
potential for tsunami monitoring and forecasting. Operating since 30 September 2023, the observatory
uses three sections of an existing submarine telecommunication cable network operated by GTD, with a
total sensing range of ~ 400 km and 26,664 sensing channels. Three long-range DAS interrogators (ASN
OptoDAS), located in the coastal cities of La Serena and Concón, continuously sensed three cable
segments with 15 m spatial sampling and 62.5 Hz (CCN.N and SER.S) and 100 Hz sampling frequency
(SER.N). The observatory offers a real-time data interface through SeedLink and ZeroMQ protocols [20],
which have already been used to test earthquake early-warning prototypes [21, 22]. Thus, these real-time
transmission capabilities, together with the embedded computing resources, already lay the required
foundations for a tsunami warning system based on submarine telecom cables.

Simulations constrained by eight DART observations predict that the far-field tsunami reaching Chile had
a root-mean-square (RMS) amplitude of only ~ 4 cm (Fig. 2). In the raw DAS data, before denoising, no
coherent tsunami signal was distinguishable from the dominant instrumental noise within the predicted
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arrival window. To extract the tsunami signals, it was crucial to reduce the common-mode instrumental
noise. We estimated this noise in two steps. First, we applied a preliminary cable-wide common-mode
correction to identify cable segments that are weakly sensitive to tsunami signals. We then used the
spatial median of the data in these reference segments as an estimate of the common-mode noise, and
removed it from the original data (Methods). We further applied temporal filtering in the expected range
of tsunami periods (between 300 and 2000 s) and applied spatial filtering with a 2400-m sliding median
window to exploit the long-wavelength coherence of tsunami waves along the cable, thereby reducing
shorter-wavelength internal-wave contamination and local incoherent noise (Methods). This processing
transforms the dense DAS array from a collection of noisy individual channels into a coherent line
observation of the tsunami wavefield.

Despite large instrumental and environmental noise, we recovered coherent DAS signals in the tsunami
period band (~ 1,000 s) along all three cable sections around the expected tsunami arrival time. Nearby
tide-gauge records also show consistent arrival times and dominant periods when compared with DAS
segments at similar latitudes (Fig. 1d).

The recovered tsunami response is spatially heterogeneous along the cable (Fig. S1), with local
amplitude variations exceeding two orders of magnitude over distances much shorter than the tsunami
wavelength. The strongest response occurs around 100 km on the SER.S cable (Fig. 1b). Such short-
wavelength variability is unlikely to reflect the tsunami wavefield itself, and instead indicates a spatially
variable transfer function between water pressure and cable strain. This transfer function may depend
on cable burial, cable-seafloor coupling and seafloor topography, although these contributions cannot be
uniquely separated with the present dataset. This spatially variable response represents a major
challenge for converting DAS strain measurements into quantitative estimates of tsunami wave
elevation.

Sea-level change from DAS seafloor observation
To convert the observed DAS strain into sea-surface elevation, we first consider existing mechanical
models. Tsunami pressure perturbations can generate cable strain through two main mechanisms,
seafloor compliance and the Poisson effect of the cable. Both induce a first-order linear relation between
pressure and DAS strain [13], leading to a strain-to-water-elevation conversion coefficient of 1.106 to

1.107 m/strain and 1.106 to 5.106 m/strain, respectively, for typical crustal and cable material properties.
A recent submarine-cable tsunami observation also found DAS strain energy to scale approximately with
nearby ocean-bottom pressure records, with a coefficient of order 107-108 m/strain RMS in the 50–100
second period band [16]. However, neither a single proportionality coefficient nor the present mechanical
models can reproduce the large channel-to-channel variations observed along the ABYSS cable. The
relative contributions of compliance and Poisson effects, their possible superposition, and their
dependence on poorly known cable-site conditions remain too uncertain for a purely physics-based
strain-to-water-elevation conversion.
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We therefore adopt an empirical approach and estimate channel-dependent conversion coefficients by
matching observed DAS strain-rate amplitudes to simulated water-elevation-rate amplitudes at the
corresponding cable locations (Methods, Fig. S2). For a linear strain–water-level relationship, the same
proportionality applies to their time derivatives; the converted water-elevation-rate waveforms are later
integrated to obtain water elevation for tsunami forecasting. We constrain the reference tsunami model
with three nearest DART observations, and validate it by five DART stations, including one station located
approximately 200 km from the cable system (Methods, Fig. S3 and S4). The obtained coefficients for
most cable segments range from 1×107 m/strain to 5×107 m/strain, in line with theoretical estimates
and previously reported observations [16, 23, 24, 25]. After conversion, the DAS-derived waveforms are
expressed in water-elevation-rate and show a more uniform amplitude pattern (Fig. 2b). The converted
DAS records also reproduce the main spatial structure, arrival sequence and dominant periods predicted
by the reference simulation (Fig. 2c,d,e). This first-order calibration allows us to evaluate the potential of
calibrated DAS observations for tsunami wavefield reconstruction and forecasting.

Tsunami wavefield reconstruction and forecasting
To exploit continuous cable observations for tsunami forecasting, we develop a wavefield-reconstruction
method. In this approach, tsunami signals recorded along the cable are injected at their corresponding
positions in a forward tsunami simulation (Methods, Supplementary Text S1). Synthetic tests indicate
that continuous DAS signals contain sufficient information to reconstruct the evolving tsunami wavefield
and update coastal tsunami forecasts (Fig. 3b). Reliable estimates of the first major tsunami peak can
be obtained 5–15 min prior to it reaching the coast (Fig. 3f, Supplementary Fig. S5, Text S2), depending
on cable and coastal geometry. Coastal segments that are well constrained by nearby continuous cable
observations show accurate arrival times and amplitudes, whereas segments located in coverage gaps
show delayed convergence or larger amplitude errors.

We further test whether the observed DAS records can be used for wavefield reconstruction and coastal
tsunami forecasting. The empirically converted cable waveforms were further spatially filtered,
temporally integrated and used in the reconstruction framework, with all channels included except those
previously identified as anomalously noisy by the automated RMS-based quality-control procedure
(Methods). For the high signal-quality CCN.N cable segment, the reconstructed wavefield reproduces
well the main tide-gauge waveforms, in terms of arrival times and amplitudes (Fig. 3e, Table S1). The
largest timing offset occurs at Quintero, where the mismatch is mainly attributable to limited
bathymetric resolution near the coast (Fig. S6).

This experiment provides a direct benchmark linking the observed cable records to coastal tsunami
predictions. It supports three inter-related conclusions: that the dominant coherent component of the
recovered DAS signals is directly tsunami-induced, that empirical strain-to-water-elevation conversion is
accurate, and that the cable signal-to-noise ratio is sufficient for forecasting purposes in favourable
segments. It also highlights a key advantage of dense DAS observations: coherent tsunami energy is
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reinforced during wavefield propagation toward the coast, whereas incoherent instrumental and local
oceanographic noise is naturally suppressed. Thus, this reconstruction based solely on DAS recordings
provides a direct end-to-end demonstration that, in favourable high-quality segments, observed cable
signals can be converted into coastal waveform constraints for real-time tsunami forecasting.

The empirical channel-dependent coefficients derived above provide a first-order empirical calibration for
converting DAS strain into tsunami water-elevation estimates (Fig. S2). Once established, such
coefficients could be applied a priori to future events, enabling real-time conversion without event-
specific calibration, provided that the cable response remains sufficiently stable within the tsunami
frequency band. More accurate operational conversion, however, will require validation with independent
datasets and may also need transfer functions that depend on both the angle of incidence [13, 34] and
frequency[16]. This empirical strategy is physically plausible because theoretical models predict a linear
relationship between pressure forcing and cable strain [13], and observations from submarine cables
support such behaviour [16, 24]. Combined with wavefield-reconstruction methods such as those
presented here, calibrated DAS measurements could turn submarine telecommunications cables into a
new operational paradigm for tsunami early-warning systems.

Overall, the transoceanic tsunami generated by the 2025 Mw 8.8 Kamchatka earthquake was
continuously recorded along a 400-km submarine telecommunications cable array offshore Chile.
Despite open-ocean tsunami amplitudes of only a few centimetres, coherent signals were recovered
across nearly 26,000 sensing channels, demonstrating that the dense geometry of submarine DAS can
compensate for noisy individual measurements by exploiting spatial coherence along the cable. These
observations further reveal pronounced spatial variability in tsunami sensitivity, highlighting the role of
local cable-environment interactions in shaping DAS responses to oceanic signals.

Our reconstruction experiments demonstrate the value of dense offshore observations for constraining
tsunami propagation and providing actionable lead times for coastal hazard assessment. Synthetic
benchmarks show that continuous cable records contain sufficient information to track the evolving
tsunami wavefield and provide forecast lead times of several to tens of minutes, depending on coastal
location and cable geometry. The recovered wavefield constraints support high spatial resolution and
can resolve large waves arriving after the first tsunami wave, which has the potential to enhance the
specificity and completeness of tsunami warnings [26]. Crucially, after empirical conversion from DAS
strain to water elevation, the observed cable records reproduce the main tide-gauge waveform shapes
despite the low signal-to-noise ratio of individual channels for this ~ 4 cm open-ocean tsunami. Beyond
this far-field demonstration, future studies will need to address local tsunami scenarios. Near-field
earthquake tsunamis may provide stronger signals, potentially yielding much higher-SNR tsunami
wavefield observations, but introduce challenges such as seismic-wave contamination, missing
information of seafloor deformation and DAS amplitude saturation.

Ongoing developments in DAS technology, including extended sensing range and improved long-period
stability, are expected to further enhance the capability of submarine fibre networks. Combined with the
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extensive global footprint of existing telecommunications infrastructure, these results show that
submarine cables can provide a scalable and cost-effective complement to existing tsunami monitoring
systems in vulnerable coastal regions, including those with long tsunami recurrence intervals.

Methods

Denoising
We converted the offshore Chile DAS phase-rate-gradient records in rad m−1s− 1 to strain rate using the

instrument sensitivity factor of 1.07 × 10− 7 strain per (rad m− 1). Because the continuous dataset was
too large to process as one file, data was downloaded in one-hour blocks, low-pass filtered with a 20 s
cutoff period, decimated from 62.5 Hz to an 8 s sampling interval, and then merged. We used a single-
pass causal Butterworth filter because applying a zero-phase forward–backward filter to independent
hourly blocks would distort amplitudes near block edges and introduce discontinuities after merging. We
used the Xdas Python framework [27] for DAS data handling and processing.

The instrumental noise (strain rate ~ 1 × 10− 9 strain.s-1) dominates the original data and is largely
common across all sensors within each cable. As a first common-mode correction step, we subtracted
the cable-wide median at each time step from the decimated data. After this initial subtraction, we
calculated the RMS amplitude of each channel over the complete 36 h interval from 00:00 UTC on 30
July to 12:00 UTC on 31 July 2025. We classified channels as anomalously noisy when their RMS
exceeded the median channel RMS by more than 1.5 scaled median absolute deviations. Channels
exceeding this threshold were muted in the processed DAS images and excluded from RMS-amplitude
profile interpretation, rather than treated as physical zero-amplitude measurements. The cable-wide
median would also contain signals with wavelengths of the same order as the cable lengths, including
potential tsunami signals. We therefore identified cable segments with the lowest amplitudes in the
tsunami frequency band after the initial common-mode removal step (Fig. S1), which likely mainly
recorded instrumental noise. We then re-calculated the spatial median of the original decimated data
exclusively over these reference segments to obtain a refined estimate of the common-mode noise. We
subtracted this estimate from the original decimated data to produce the final common-mode-corrected
dataset.

Then, we time filtered the DAS records in the tsunami period band between 300 and 2000 s using a zero-
phase forward–backward filter. We additionally applied a spatial median filter with a 2400 m window
along the cable. This spatial window is much shorter than the expected tsunami wavelength but long
enough to reduce channel-scale fluctuations and shorter-wavelength internal-waves. We used the
spatially smoothed version in Figs. 1 and 2, showing the continuity of the tsunami signal along the cable.

Synthetic tsunami waves
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We generated synthetic tsunami wavefields as a reference for comparison with the DAS observations,
empirical DAS-to-water-level calibration, and validation of the wavefield-reconstruction framework. Given
the spatial extent of the earthquake rupture, we derived an extended source model constrained by the
three nearest DART buoys (21415, 21416 and 21419) well-distributed around the source on the Pacific
side (Fig. S3). We inverted the slip using a non-negative least-squares scheme on a discretized 6×2 fault
plane (strike = 198°, dip = 15°, each panel 72x36 km, rigidity = 30 GPa) compatible with the GCMT focal
mechanism. We computed tsunami propagation using a non-linear shallow water wave approximation
model [28] with the long-wave dispersion taken into account a posteriori on the tsunami wave height at
the different DAS sensor positions [29]. We performed the simulations on a 2-minute bathymetry grid
covering the Pacific basin (ETOPOv2 [30]), with model parameters and boundary conditions following
standard configurations. We compared the resulting model with tsunami waveforms at selected offshore
DART stations in the Pacific (Fig. S4) to confirm the fidelity of the reconstructed tsunami wavefield, at
least for stations in the deep ocean. The DART station along the Peruvian coast (32402), north of the
DAS-monitored cables, is well predicted both in phase and amplitude for at least the first 4-hours of
tsunami propagation.

Reconstruction method
We developed a forward wavefield-reconstruction framework in which we impose water-level time series
along a submarine cable as an internal, time-varying boundary condition in a tsunami forward
propagation model.

We represented the input using 520 reconstruction stations distributed along the fibre, with one
reconstruction station selected for every 50 original DAS channels. We linearly interpolated the synthetic
or observation-derived waveforms along the cable to 1 s sampling interval. We performed the forward
simulation using the parallel COMCOT model, pCOMCOT [31, 32], with bathymetry from the GEBCO 2024
Grid at 15 arcsec resolution [33], linear shallow-water equations without numerical-dispersion correction,
and a 1 s time step. The model domain extended from 81.5°W to 70.5°W and from 41.5°S to 21.0°S. Its
outer computational boundaries were treated as reflective wall boundaries in pCOMCOT; we enlarged the
domain to delay artificial boundary reflections beyond the 5000 s simulation window. At each update
time, we imposed the synthetic or observation-derived water elevation from each station onto model grid
cells within 5 km of that station, creating a continuous line of localized water-elevation constraints along
the cable. If multiple stations constrained the same grid cell, we updated the cell value sequentially from
south to north. Thus, the cable input acts as a record-driven internal boundary condition for a forward
simulation, rather than as an inversion or data-assimilation constraint.

The resulting forward simulation provides tsunami wavefields from which we extracted water-elevation
waveforms at target locations, including coastal validation points and tide gauges. As additional cable
records become available, we update the boundary condition and continue forward propagation from the
updated wavefield to extend coastal predictions in time.
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We first evaluated the method using an idealized benchmark (Text S1), where we sampled simulated
tsunami water-elevation waveforms from the reference Kamchatka simulation along the ABYSS cable
and at virtual validation stations along the coast, ensuring that we know both the offshore cable input
and the target coastal waveforms. Then we applied it to the observation-derived tsunami waveforms
(Text S3).

DAS-to-water-level conversion
For the observation-driven reconstruction, we first converted DAS strain-rate records to water-elevation-
rate-equivalent waveforms using empirical, channel-dependent RMS scaling factors, following the linear
strain–water-level relationship described above. For each DAS channel, we calculated the RMS
amplitude of both the processed observed strain-rate waveform and the collocated synthetic water-
elevation-rate waveform during the tsunami window from 20:00 to 23:00 UTC on 30 July 2025. We
defined the channel-specific calibration coefficient shown in Fig. S2 as the synthetic water-elevation-rate
RMS divided by the observed DAS strain-rate RMS. Valid calibration points spanned 16.6–100.0 km for
SER.N, 16.0-136.1 km for SER.S, and 17.5-119.8 km for CCN.N, with internal gaps where DAS records
were unavailable or had been set to zero after being identified as anomalously noisy during
preprocessing. We linearly interpolated the calibration coefficients across these internal gaps and
retained the nearest valid endpoint value outside these distance bounds. We then multiplied each
processed DAS record by the resulting coefficient.

We then processed the converted waveforms jointly across the three cable segments using a two-
dimensional geographic median filter with an 8-km radius(Fig. S8, S9). Channels located on land were
excluded from the spatial-median calculation. At each time sample, we excluded from the median
calculation the channels previously identified as anomalously noisy by the automated RMS-based
quality-control procedure and subsequently set to zero. Of the remaining channel values, we discarded
the 40% with the smallest absolute amplitudes and calculated the median of the retained values. Near
the common SER.N–SER.S landing, the median could include valid offshore channels from either
segment within the 8-km radius. Filtered values were extrapolated shoreward by no more than 8 km from
the first valid offshore sensor; locations farther landward remained unfilled. We used this strong spatial
filtering to emphasize coherent tsunami energy and enhance the spatial continuity of the reconstruction
input, at the expense of native DAS spatial resolution. As a diagnostic check, we repeated the RMS
calculation over a pre-arrival noise window from 00:00 to 19:00 UTC on 30 July 2025. We compared
converted tsunami window and noise window RMS profiles, before and after the spatial filter, with the
synthetic signal RMS profile, as shown in Figure S9.

We then interpolated the filtered water-elevation-rate-equivalent records onto 520 reconstruction
stations using the four nearest DAS channels with inverse-distance-squared weights, resampled to 1 s,
and integrated in time to water elevation. We demeaned and linearly detrended each integrated station
waveform. We assigned zero weight to stations with RMS values below the 0.01 m threshold, so that
they did not impose constraints on the reconstructed wavefield.
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Declarations
ADDITIONAL SECTIONS

Data Availability Statement

The processed DAS data products used in this study, including the 8-s sampled, zero-phase-filtered DAS
waveforms, synthetic tsunami waveforms, conversion inputs, and the observation-based PCOMCOT
reconstruction-input package, are openly available through Zenodo at
https://doi.org/10.5281/zenodo.22283980. High-resolution raw DAS recordings are available from the
corresponding authors upon reasonable request. Deep-ocean tsunami observations, where used, are
available from the NOAA National Data Buoy Center DART archive (NDBC DART data access); Coastal
water-level observations were obtained from the Chilean Hydrographic and Oceanographic Service
(SHOA/CENDHOC; CENDHOC portal).

Code Availability Statement

The Python/Jupyter workflows used in this study are openly available at
https://github.com/xieyqgeo/tsunami-abyss-reconstruction, and the version used here is archived on
Zenodo (DOI: https://doi.org/10.5281/zenodo.22283980). The repository covers (1) DAS preprocessing,
(2) conversion of DAS strain rate to water-elevation rate and preparation of the reconstruction inputs,
and (3) preparation and post-processing of the observation-driven reconstruction with PCOMCOT. The
computational environment is specified in environment.yml. The workflows use NumPy, SciPy, pandas,
Matplotlib, xarray, xdas and Jupyter.

The reconstruction itself was run with a legacy PCOMCOT F3.0 time-reversal branch, which an author of
An and Meng (2017) provided privately. This branch is distinct from the public PCOMCOT 2.1 repository
and is not redistributed here because of upstream restrictions on its release. The reconstruction-input
package in the repository is compatible with this branch. The branch's key extension, described in An and
Meng (2017) and summarized in the Methods, allows multiple spatially distributed point forcings with
independent time-varying waveforms, and the present reconstruction relies on this capability.
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Figure 1

Offshore DAS observations of the 2025 Kamchatka tsunami along submarine telecommunication cable
off Chile. a-c, Processed DAS strain-rate records from the SER.N, SER.S and CCN.N cable segments.
Channels on each segment are ordered from north to south, from the top to the bottom of each panel.
The vertical axis denotes optical distance along the fibre from the interrogator. Zero-valued bands
indicate muted noisy channels or data gaps and are not interpreted as physical zero-amplitude
observations. Black traces show tide-gauge records projected onto the nearest cable locations after
demeaning and band-pass filtering between 300 and 2,000 s. d, Comparison between tide-gauge-rate
waveforms and median DAS recordings from representative nearby cable segments selected to avoid
strong noise contamination, showing consistent tsunami arrivals around 20:00 UTC and similar
dominant periods in coastal and offshore records. e, Seafloor depth along each fibre. f, Map of the study
region showing cable routes, the subduction trench, tide-gauge stations and coastal cities. g, Relative
locations of the earthquake source and DAS array, modelled maximum tsunami wave height across the
Pacific, and tsunami travel-time contours.
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Figure 2

Comparison of simulated and DAS-derived propagating tsunami wavefields. a, Synthetic tsunami water-
height-rate signals along the SER.N, SER.S and CCN.N cable segments, shown from top to bottom. b,
Corresponding DAS-derived water elevation rate converted from strain rate using channel-wise empirical
coefficients, estimated from the RMS of the synthetic waveforms over the tsunami window from 20:00
UTC on 30 July to 00:00 UTC on 31 July 2025. Yellow triangles mark the channels used for waveform
comparison in c. c, Waveform comparisons between simulated and DAS-derived water-height rate for
selected cable sections. d,e, Spectrograms of the simulated and DAS-derived signals, respectively, for
the 40-42 km window on CCN.N, showing similar dominant tsunami-period energy and comparable
frequency dispersion through time.
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Figure 3

Wavefield reconstruction from synthetic and observed cable records. a, Synthetic cable water-elevation
waveforms used as input to the reconstruction benchmark, plotted over time and vertically offset by
latitude. b, Synthetic coastal water elevation (black) and corresponding reconstruction prediction (red
dashed) at the coastal validation points shown in c; grey bands mark gaps in effective wavefield
sampling by the cable array.. c, Reconstructed water-elevation field using all synthetic cable waveforms
available by 1,520 s after 19:35 UTC on 30 July. Yellow circles mark coastal prediction points. d, DAS-
observation-derived cable input after empirical amplitude calibration and temporal integration. Channels
with water-elevation RMS <0.01 m were assigned zero reconstruction weight and are not plotted. e, Tide-
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gauge water elevation (black) and observation-based reconstruction (red dashed) at five coastal tide
gauges. Tide-gauge records are filtered following the DAS preprocessing workflow (zero-phase 300-
2,000 s), and reconstructed traces are shifted by the station-wise lag that maximizes cross-correlation
over 0-4,000 s; shifts are <150 s except at Quintero (347 s), where unresolved nearshore propagation
may explain the larger offset (Fig. S6; unshifted comparison in Fig. S7). f, Synthetic-benchmark lead time
for coastal first-peak prediction. Lead time is defined as the interval between the earliest update at which
the first-peak amplitude at a validation site is predicted with <30% relative error and the arrival of that
peak at the same site. Coloured circles show lead times at validation points near the 100 m isobath;
these lead times are conservative estimates because they exclude the additional propagation time to the
coastline, estimated separately in Fig. S5. Forecasts are progressively updated as more cable data
becomes available. Triangles mark the five tide gauges used in e.
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