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Earthquake Catalog



Earthquake catalog is the collection of 
earthquakes and attributes
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Earthquake catalog is the collection of 
earthquakes and attributes



Station Distance Azimuth Phase Arrival Time • Event location

• Origin time

• Magnitude

• Focal mechanism

• Event type

• Ground motion 

Earthquake catalog is the collection of 
earthquakes and attributes



Seismic tomography

Volcano monitoring

Seismic hazard analysis

Earthquake catalog



Modified from Walton et al., 2021

• Pacific Northwest (PNW) hosts a variety of earthquake 
behaviors: megathrust, intra-slab and crustal.

• Regional seismic hazard amplified by the sedimentary basins.

• Geohazard associated with landslides and 
volcanic activities.

Earthquake catalog



Pacific Northwest Seismic Network

FDSN network code
UW, UO, PB, CC

~800 active stations
~20 GB/day



Pacific Northwest Seismic Network (PNSN)



PNSN analysts use Jiggle to pick phases, locate earthquakes, and calculate magnitude.

How seismic network process seismic events

Trigger alarm

Duty Seismologist being
notified

Jiggle the event

Finalize and send to 
ANSS/ComCat

0 min

+0.5 min

+1 min

+3-10 min

• False triggered events

• Limited stations processed

• Extra training time for new analysts 
to pick with quality and consistency
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Demo: PNW event picking
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Hands-on: Querying Earthquake 
Catalog and Waveforms



Seismology is becoming increasingly a big-data discipline…

… with the rise of data volume and heterogeneity 

EarthScope seismic 
data archive (2024)

Arrowsmith et al., 2021

Continuous data 
shipping

Fiber-optic Sensing 

and heterogeneity 



Seismology is becoming increasingly a big-data discipline…



Mousavi and Beroza, 2022

• Widely used in ground-motion data analysis• Widely used in ground-motion data analysis

• New applications 

• Explainable ML models

• Physics-informed ML models

Seismology is becoming increasingly a big-data discipline…



PhaseNet (Zhu et al., 2019)

With a laptop, these pickers scan day-long 
waveform within 10 secs.

PhaseNO (Sun et al., 2022)

Generalized Phase Detection (GPD, Ross et al., 2018)

Machine Learning for earthquake catalog building
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• GPD (Ross et al., 2018)
• PhaseNet (Zhu et al., 2018)
• EqTransformer (Mousavi et al., 2020)
• PhaseNO (Sun et al., 2022)

• PhaseLink (Ross et al., 2019)
• GaMMA (Zhu et al, 2021)
• Neuma (Ross et al., 2023)
• PyOcto (Münchmeyer, 2023)

• easyQuake (Walter et al., 2021)

• SeisBench (Woollam et al., 2022)

• QuakeFlow (Zhu et al., 2022)

• Loc-Flow (Zhang et al., 2022)

Workflow

ü Quick response to new events 

ü Less “training” time

ü Stable and consistent results

ü Good scalability and portability

q Large dataset for model training

q Computing resource

q Quality control

q Operation integration

Machine Learning for earthquake catalog building



Curated Dataset for Seismology



The MNIST dataset for computer vision
Dataset size: ~11 MB



Curated seismic datasets

• 1.2 million waveforms and attributes

• Waveforms within 350 km of the origins



Curated seismic datasets
IQUQUE

TEXED

ETHZ

LenDB

GEOFON INSTANCE

STEAD
SCEDC



Curated seismic datasets
OBSTransformer
Niksejel et al. (2024)

PickBlue
Bornstein et al. (2024)



Curated seismic datasets

Curated Regional Earthquake Waveforms
CREW: P, Pn, Pg, S, Sn, Sg

Aguilar-Suarez and Beroza (2024)

ISC-EHB dataset
Münchmeyer et al. (2023)



Curated seismic datasets
… and most recently

California Earthquake Event Dataset for ML & Cloud Computing
CEED (Zhu et al., 2025)

• 4.1 million waveforms

• Elevating datasets into 
TB scale (~ 1 TB)

How do researchers easily access these datasets?



• 44k earthquake and explosion events, 5.6k 
exotic events, 51k noise waveform 

• 150/180-second window length
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Curated PNW seismic datasets



• 44k earthquake and explosion events, 5.6k 
exotic events, 51k noise waveform

• 150/180-second window length

• Origin and phase information

• Machine readable format (HDF5+CSV)

• Compatible with SeisBench ecosystem
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Curated PNW seismic datasets



Curated datasets are not perfect
Glitch OffsetsMissing channel

Event type could be misclassified



Curated datasets are not perfect
Multiple events: unlabeled phases

Uncataloged events & padded channels



SeisBench Ecosystem



SeisBench – a toolbox for Machine Learning seismology



SeisBench data format
HDF5 + CSV

SeisBench – a toolbox for Machine Learning seismology



SeisBench: an open-source community

https://github.com/seisbench/seisbench


Hands-on: PNW dataset & SeisBench


