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INTRODUCTION
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Mass movement

Total number of deaths by disaster type from 2000 to 2019
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Deaths and economic losses per year from earthquakes since 2000.
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Deaths and economic losses per year from earthquakes since 2000.
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How an Earthquake Early Warning System (EEWS) works

I I
il
N/

O
R
Q
o
R
B

|

\““
R i
R }
Fault I

Ay . Earthquake
L Sensors alert center

Epicenter 4& I
NS-wave [NP-wave

3 km/s 7 km/s

luu..L

__ Sensors positioned
about 6-12 miles apart

~
1@ Los Alamos



Seismic risk knowledge in Peru

_2D

People live near potential megathrust earthquakes

Government requirements
Issue alerts as quickly as possible
Alert message processed on-site

EEWS based on a single station
Easy installation on low-cost devices (Raspberry Pi 4)
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SASPe stations
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SASPe stations
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SASPe stations
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Cumulative number of seismology papers that employed neural networks
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Scientific questions

1. Can an EEWS issue fast and accurate alerts?
2. Can an EEWS be applied in Peru or anywhere?
3. Can an EEWS be accessible to everyone?

Accurate Worldwide
2NN
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Accessible
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PART 1

THE ENSEMBLE EARTHQUAKE EARLY
WARNING SysTEM (E3WS)
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JGR Solid Earth

Research Article (3 OpenAccess () @

Earthquake Early Warning Starting From 3 s of Records
on a Single Station With Machine Learning

Pablo Lara i Quentin Bletery, Jean-Paul Ampuero, Adolfo Inza, Hernando Tavera

First published: 02 November 2023 | https://doi.org/10.1029/2023)B026575
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Inputs and outputs

First 3 s of the earthquake recorded by a single station

(EIN/Z)
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Locations of seismic instruments recording earthquakes

STEAD: STanford EArthquake Dataset
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Database
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Training

Database (80%)

(EIN/Z

Time (s)

1% Los Alamos

NATIONAL LABORATORY

Preprocessing

Remove mean
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E3WS: Detection & P-phase picking model
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E3WS: Source characterization

Group, whose prediction
in the base-models, train

Groups to train the base-models the meta-model
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LASSO: Least Absolute Shrinkage and Selection Operator
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Detection results

Detector
Overall (%): True class
99.9 Noise Earthquake
Detected Noise 11264 10
class Earthquake 0 8778
Accuracy (%): 100.0 99.9
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Detection and P-phase picking results

P-phase picker
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Source characterization results. Single station. P-wave: 3 s

a) Magnitude b) Epicentral distance (km)
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Source characterization results. Single station. P-wave: 46 s
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Simulated real-time scenario

Tohoku2011 M9.0
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Simulated real-time scenario
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Simulated real-time scenario
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Simulated real-time scenario
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Simulated real-time scenario
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Simulated real-time scenario
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Simulated real-time scenario
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Simulated real-time scenario
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Simulated real-time scenario
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Feature Importance
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PART 2

THE PERUVIAN EARTHQUAKE EARLY
WARNING SYSTEM (SASPE)
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RESEARCH ARTICLE | DECEMBER 20, 2024
Implementation of the Peruvian Earthquake Early

Warning System @

Pablo Lara @; Hernando Tavera; Quentin Bletery; Jean-Paul Ampuero; Adolfo Inza;
David Portugal; Benazir Orihuela; Fernando Meza

-+ Author and Article Information

Bulletin of the Seismological Society of America (2025) 115 (1): 191-209.
https://doi.org/10.1785/0120240119 Article history &
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SASPe stations
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SASPe stations
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How SASPe work?

~

(o

e

[E—

10-s moving
window

Peruvian
continuous 3C

data

AT, = 1s

- ——— 1
|

Detector t
|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|
___________ |

E3WS

Prob(P) > 0.8

~
1@ Los Alamos




How SASPe work?

~

(o

e

[E—

Peruvian
continuous 3C

data

e 1
10- i ! l
> MOVIng | Detector | Prob(P) > 0.8
window | |
AT, = 1s ; ;
I I
I I
7 : I I
~S moving L Picker L1 P arrival time
window | :
AT, = 0.2s I |
I
. :
I I
I I
I I
I I
I I
I I
o ______ 1
E3WS

~
1@ Los Alamos




How SASPe work?
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How SASPe work?
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SASPe database, more than 2 years of continuous monitoring
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Detection and magnitude results
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Alert radius
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Alert radius
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Alert radius
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Alert radius
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Alert radius and Tolerances
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Lead time
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SASPe performance during the M7 Arequipa earthquake on June 28, 2024
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SASPe drills and campaigns
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Countries with an EEWS
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Countries with an EEWS
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E3WS applied to the 2024 M_ 7.5 Noto earthquake, Japan
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CONCLUSIONS

1. |designed E3WS, the first fully single-station, Al-based EEWS, detecting earthquakes and estimating
magnitude/location in as little as 3 seconds of P-wave data. (Innovation)
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CONCLUSIONS

1. |designed E3WS, the first fully single-station, Al-based EEWS, detecting earthquakes and estimating
magnitude/location in as little as 3 seconds of P-wave data. (Innovation)

2. Implemented in Peru’s SASPe, it will benefit 18 million people by issuing public alerts. (Impact)

3. Proven effective across diverse seismic contexts. (Global Applicability)

4. E3WS can be used with both low-cost and high-cost sensors, enabling deployment in
resource-constrained regions. (Accessibility)

5.  Works with single or multiple stations, refining real-time (without losing time to issue alerts) and
post-event seismic analyses. (Versatility)
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PERSPECTIVES

1. Synthetic Data Integration: Enhance training by incorporating synthetic data to improve
magnitude and location estimates.
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PERSPECTIVES

1. Synthetic Data Integration: Enhance training by incorporating synthetic data to improve
magnitude and location estimates.

2. Global Expansion with Low-Cost Sensors: Utilize affordable sensors (e.g., Raspberry
Shake) to enable seismic monitoring in regions with limited infrastructure.

3. Feature Importance Analysis: Investigate feature importance within E3WS to gain
physical insights into earthquake dynamics and improve model interpretability.

4. Temporary Deployments: Deploy temporary single stations to monitor seismic activity in
remote or underserved areas.

5. Extraterrestrial Applications: Explore E3WS adaptability in extraterrestrial environments,
such as on the Moon or Mars.

1% Los Alamos

NATIONAL LABORATORY






THANKS!

Salinas Lagoon, Arequipa, Peru (4300 m a.s.l.)

https://github.com/PabloELara/E3WS
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