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Why do we need a seismic event classifier in 
the Pacific Northwest?



Huge Diversity of Seismic Sources
Subduction Zone

20 volcanoes

microseismicty

Intraplate seismicity

Low frequency tremors

Megathrust earthquakes

Volcanic seismicity

Deep Long Period Seismicity

Surface events

Several quarries

Active source experiments

Glacier seismicity



Magnitude 3.2 earthquake ??

Rainier Rockfall

Confusion among various events



What is this event?



Snow Avalanche Rock and Ice Fall Debris Flow Rock Avalanche

Surface event

Over 9k Unidentified surface events in the PNSN catalog and this number is continuously increasing …

Current State of Monitoring
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Current State of Monitoring

Ni et al. (2023)
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Why do we need a seismic event classifier in 
the Pacific Northwest?

To assist analysts in their decision

Confusing events, low mag, low snr

Developing a surface event catalog 

STA/LTA cannot detect emergent events

Locating them not always possible

Huge number of unreviewed events



How to build a seismic event classifier using AI?
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1. Labeled 
Dataset

2. Feature 
Extraction

3. Model 
Training

4. Model 
Evaluation

Developing a seismic event classifier

earthquake

explosion

Surface event

Surface 
event
Surface event

explosion

Unlabeled 
Test data



1. Labeled Dataset



The PNW curated data set has diverse source types, with mainly 
Earthquakes, Explosions, and Surface events

Kharita et al. (in 
prep)



The PNW curated data set has diverse source types, with mainly 
Earthquakes, Explosions, and Surface events

Impulsive, strong S, short 
window

Diffuse, no transient 

Strong P, long coda

Emergent, long 
duration

Kharita et al. (in prep)



Event Discrimination using Machine Learning

Kharita et al. (in prep)



Event Discrimination using Machine Learning

Kharita et al. (in prep)



Event Discrimination using Machine Learning

Much of ML in environmental 
seismology uses Random 

Forest 

Kharita et al. (in prep)



Event Discrimination using Machine Learning

Much of ML for earthquake 
catalog building uses Deep 

Learning

Kharita et al. (in prep)



Classic Machine Learning: 
Decision-Trees-based models always win

Kharita et al. (in prep)



Deep Learning: CNNs are great and 
simple for classification

Long skinny

Shallow & wide
   SeismicCNN

QuakeXNet

Feature extraction classifier

Kharita et al. (in prep)



Kharita et al. (in 
prep)

Performance 

Deep Learning 
outperforms 
classic Machine 
Learning

(on balanced data 
sets)



Computational 
performance
Extracting 
features from 
time series takes 
much longer than 
DL inference.

Kharita et al. (in prep)





Thank you

https://github.com/Akashkharita/PNW_Seismic_Event_Classification

Future plans -  Analyzing global detections, deploying in PNSN, Analyzing 
the generalizability
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