
Towards Tsunami Early-Warning with 
Distributed Acoustic Sensing (DAS)

April 07, 2025

Authors:  CARLOS BECERRIL,  Anthony Sladen, Jean-Paul Ampuero,                  
Javier Preciado-Garbayo, Miguel Gonzalez-Herraez

Fabian Kutschera, Alice-Agnes Gabriel and
Frederic Bouchette

carlos.becerril@geoazur.unice.fr

ICG/PTWS-XXXI Assembly



FOPS 2019 
22 November 2019, Valencia, Spain

H
ig

h-
fid

el
ity

 d
is

tr
ib

ut
ed

 a
co

us
tic

 s
en

si
ng

 u
si

ng
 

op
tic

al
 fi

be
rs

: a
 n

ew
 to

ol
 in

 G
eo

ph
ys

ic
s
Tsunami Early Detection

DART System

l Global tsunami warning system

l ~ 60 Buoys worldwide

l Far-field tsunami forecast

Global fibre network

l Data in real-time

l Transoceanic Dense array of
Strain sensors 

=cable network
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l +1.3 million km’s of cable
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90% of deaths in the 
Pacific are from local 
or regional tsunamis
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Distributed acoustic sensing (DAS) 

Lindsey, Martin, 2020 

RAYLEIGH BACKSCATTER

D
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• Dynamic Detection (fast sampling)
• Large amplitudes (SNR)
• Long distances (>100km)

Advantages
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Ocean-bottom Observations with Fiber-Optic Cables (DAS)

Xiao et al., 2024, Oregon
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Tonegawa et al., 2024, Japan
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Tsunami Detection with DAS?
D
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Tsunami Spectrum

DAS Noise Amplitude Spectral Density

0.0005
0.0005
0.0005
0.0005
0.0005
0.0005

1/f noise trend
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Pressure

cos2(θ)

Direct tsunami observations are made mostly by 
monitoring pressure at the seafloor

Minimizing noise at frequencies 
below 0.01 Hz

θ
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Towards Minimizing Noise Sources
D
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Laser phase 
noise

Chirped-pulse 
generation

Quantization 
noise

Amplifier 
Spontaneous 

Emission6
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77

MNF = 5.8 e-11

Tsunami Spectrum

2

Standard DAS

Enhanced DAS

1/f noise 

Towards Minimizing Noise Sources
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Sources of Strain Studied

Effect from Pressure

l Poisson effect on 
the cable

l Seafloor 
compliance
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Effect from Horizontal 
Displacement

l Seafloor Shear
l Shear strain on the 

cable

Tsunami Signal 
due to

8
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Sources of Strain Studied - Pressure

Poisson effect

Seafloor Compliance

ε→ Strain along x dir.
P→ Pressure
E→ Young’s modulus
ν →Poisson’s ratio
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l Derivation based on Boussinesq’s 
formulation, where solid Earth is a

è Homogeneous
è Isotropic
è Linear elastic

l λ, μ→ Lamé’s constants

l Cable is laid (not buried) and coupled 
onto the seafloor 

9
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Sources of Strain Studied – Horizontal Displacement

Induced Shear Strain on the Seafloor
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l Derivation based on Cerruti’s 
formulation, for tangential (shear) loads

l → Bottom shear stress

Shear Strain Imparted on the Cable

Tsunami horizontal flow

Longitudinal
Strain

Longitudinal
Strain

l Derived from the elastic strain 
due to flow-induced shear stress

l G→ Cable’s shear modulus

l r→ Cable radius
10
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Expected Strain Amplitudes
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Expected strain amplitudes for a tsunami 

height of 0.01 m at various water depths h

Strain amplitudes from traveling tsunami 

waves generated at various sea depths
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Generic megathrust setup: 
Earthquake-Tsunami benchmark scenario

Earthquake rupture (Mw=8.5) on a 
planar fault:

- 200km wide
- From the surface to 35 km

depth
- 16° dip

• Tsunami generation and 
propagation in a basin with flat 
bathymetry

• 2 km water depth

750 km

12
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A megathrust Earthquake… 
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Generic megathrust setup: 
Earthquake-Tsunami benchmark scenario
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X = 100 km

Y = 0 km

Broadband strain
Signal at the seafloor

Filtered strain
Signal at the seafloor

Filtered strain
Signal at the 
sea surface

14
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Strain signal from
Seafloor Compliance + Poisson Effect on the cable
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Summary
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• Detection of tsunamis with seafloor telecom cables should be
posible.

• It is feasible for a DAS-driven TEWS system to detect in the near-
field of a large earthquake ruptures.
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To be continued..

l Validate the model in the field.. with a real tsunami

l Incorporating DAS to the 
l communication infrastructure.l multi-frequency calibration to minimize 1/f noise
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