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Background and Education

• Education
− B.S. Electrical Engineering (Pe)
− M.S. Computer Science (Br)
− Ph.D. in Earth Science (Fr)
▪ Advisors: Quentin Bletery, Jean-Paul Ampuero
▪ Co-advisor: Adolfo Inza
▪ Thesis: Detection of seismological signals based on 

artificial intelligence

− Postdoc (US)
▪ Mentor: Chris Johnson

− Deep-Embedded-Clustering of Microseismicity Identifies 
Multiple Failure Mechanisms at The Geysers Geothermal Field

− Transparent Earth
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INTRODUCTION

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.

Haiti Mw 7.2
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Deaths and economic losses per year from earthquakes since 2000.

Tohoku Mw 9.0Haiti Mw 7.2
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How an Earthquake Early Warning System (EEWS) works

7 km/s3 km/s
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Seismic risk knowledge in Peru

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)

People live near potential megathrust earthquakes

Government requirements

Villegas-Lanza et al. 2016, 
Journal of Geophysical Research: Solid Earth
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SASPe stations



  93/9/26

SASPe stations
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SASPe stations

Raspberry Pi 4 32-bits
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Cumulative number of seismology papers that employed neural networks

Mousavi & Beroza, 
2022, Science
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1

2 3

4
EEWS

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?

Fast

Accurate Worldwide

Accessible

Scientific questions
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THE ENSEMBLE EARTHQUAKE EARLY 
WARNING SYSTEM (E3WS)

PART 1
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Detection

P-phase pick

Source 
characterization

E3WS

Inputs and outputs

3-component seismogram raw data

magnitude, location

First 3 s of the earthquake recorded by a single station
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Locations of seismic instruments recording earthquakes

Mousavi et al. 2019, IEEE STEAD: STanford EArthquake Dataset
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Database

• Peru
• Chile
• Japan
• STEAD

22,000 earthquake events associated with ∼100,000 earthquake observations
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Preprocessing

Database (80%)

Training

Remove mean
Bandpass

Deconvolution (m/s2)
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Preprocessing
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Preprocessing
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Preprocessing
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Preprocessing
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Preprocessing

Database (80%)

Feature vector

Training

140 attributes

Detection

P-phase 
picking

Magnitude

Distance

Depth

Back-azimuth 
Cosine

Back-azimuth 
Sine

Models

Remove mean
Bandpass

Deconvolution (m/s2)
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eXtreme Gradient Boosting (XGB)

  

Feature vector

Subset
1

Subset
2

Subset
i

Subset
m

Tree 1 Tree 2 Tree i Tree m

    

E3WS: Detection & P-phase picking model
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LASSO: Least Absolute Shrinkage and Selection Operator

E3WS: Source characterization
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Detector

Detection results
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Detector
P-phase picker

Detection and P-phase picking results

MAE: Mean Absolute Error
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Source characterization results. Single station. P-wave: 3 s
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Source characterization results. Single station. P-wave: 46 s
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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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Simulated real-time scenario
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Feature Importance

MFCC: Mel-Frequency Cepstral Coefficients
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THE PERUVIAN EARTHQUAKE EARLY 
WARNING SYSTEM (SASPE)

PART 2
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San Lorenzo station

SASPe: Sistema de Alerta Sismico Peruano 
(Peruvian EEWS)

SASPe stations
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Sigma strong-motion 
accelerometer

Nanometrics digitizer

Raspberry Pi 4
E3WS

Charge 
controller

Battery bank

SASPe stations

Solar panel
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Sigma strong-motion 
accelerometer

Nanometrics digitizer

Raspberry Pi 4
E3WS

Charge 
controller

Battery bank

Raspberry Pi 4 where E3WS is running

SASPe stations

Solar panel
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10-s moving 
window

 

Detector Prob(P) > 0.8

Peruvian 
continuous 3C 

data

How SASPe work?

E3WS
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10-s moving 
window
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How SASPe work?
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10-s moving 
window
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How SASPe work?

PGA: Peak Ground Acceleration
g: Gravity acceleration

Source 
Characterization



  523/9/266,054 seismic waveforms from 1,973 M ≥ 3 earthquakes. Period: April 2021 to July 2023

SASPe database, more than 2 years of continuous monitoring
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Detection and magnitude results

• There were no false positives or 
false negatives in the alarm 
issuance.

• All M ≥ 6 earthquakes were 
estimated as M ≥ 6.

• All M < 6 earthquakes were 
estimated as M < 6.

False positives: Noise classified as earthquakes with M ≥ 6.
False negatives: Earthquakes with M ≥ 6 classified as noise.
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Stations that detect the P-wave when the first station has 3 seconds of the earthquake
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Location improvement 
without losing time!

Location improvement
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Alert radius

PGA: Peak Ground Acceleration
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Alert radius

PGA: Peak Ground Acceleration



  583/9/26

Alert radius

PGA: Peak Ground Acceleration
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Alert radius

PGA: Peak Ground Acceleration
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Alert radius and Tolerances

PGA: Peak Ground Acceleration
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Lead time
Nearby megathrust 
earthquakes
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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
w 

7.5 Noto earthquake, Japan
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CONCLUSIONS

1. I designed E3WS, the first fully single-station, AI-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. I designed E3WS, the first fully single-station, AI-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.
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THANKS! 

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

https://github.com/PabloELara/E3WS


