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Earthquake processing by analyst



23.74s

23.76s

23.75s

Typical waveform: High SNR



25.86s

25.34s

25.97s

Typical waveform: Low SNR



0.47M

60000

2009/01/01 ~ 2021/08/31

8400 1100 330 60 9

震中距

震

级

M<1.0, 87%，M<2.0, 98%

Most of the earthquakes are microseismics

87% earthquakes are smaller than ML1.0



Increasing of seismic stations 

2008 (52 stations) 2013 (234 stations)

2018 (402 stations) 2021 (1975 stations)



Seismic stations before 2021

~1200

Seismic stations at present

~15000

China has constructed the largest seismic network in the world.
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Sichuan Shimian M4.1 earthquake sequence
more than 1500 aftershocks were recorder by a dense seismic network

One-hour waveform



Induced seismicity
70km*70km, more than 100 eqs/day 
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Earthquake automatic detection method
Since 1978



STA: Short Term Average

LTA: Long Term Average



 Large amount, weak signal, noise interfere, few record station

Difficulties in microseismic detection

Aftershocks of the Yangbi earthquake Earthquake + Noise



Hartog et al., 2019

Tamaribuchi et al. (2018)

Scafidi et al. (2018)

Japan

USAItaly



SeisComp/GFZ MSDP/CEA







2017, Institute of Geophysics of China Earthquake Administration (IGPCEA) hosted an 

international contest titled “Aftershock Detection AI Contest”



SRL Opinion Paper: SeismOlympics



“Aftershock Detection AI Contest” is cited in 
Science by Stanford University and Harvard 
University.



Progress in China

RISP



• Traditional method

pros: high efficiency

cons: SNR, false pick-up, S-wave, threshold setting

• Template matching method

pros: relatively complete catalog

cons: need template, template completeness, 

efficiency, lack of seismic phase information
Modified from Yoon (2015)

The pros and cons of different methods



Earthquake detection with deep learning
High efficiency, high precision, low computation cost, open source codes

Autocorr FAST CNN

Precision 100% 88.1% 94.8%

Recall 77.5% 80.1% 100%

Runtime 9.5d 48m 1m

Perol et al., 2018, Sci. Adv.



Deep Learning earthquake detection methods
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AI training dataset: 5M 3C earthquake waveforms



Zhao, Chen and Fang, 2019 Zhu, Peng, Fang et al, 2019 Zhou, Fang et al, 2020

Zhou, Zhou, Fang et al, 2021 Li and Fang, 2021, in prepShen, Zhang, Fang et al, 2021



Earthquake detection example 



Recall = 0.933
F1       = 0.900 
Mean = 0.049

CSESnet
Recall = 0.881
F1       = 0.887 
Mean = 0.088

PhaseNet

New Unet/Unet++  model  outperms PhaseNet

Performance of  AI-based detection method



Extensive test in China and USA



AI detection +

Initial location

AI detection +

HypoDD

AI detection +

CC + HypoDD

Sichuan Shimian M4.1 earthquake sequence



Flowchart of continuous waveform processing
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Realtime Intelligent Seismic Processing system (RISP)

LIAO ShiRong, ZHANG HongCai, FAN LiPing et al. 2021. Development of a real-time intelligent seismic 
processing system and its application in the 2021 Yunnan Yangbi MS6.4 earthquake Chinese Journal of Geophysics 
(in Chinese),64(10): 3632-3645,doi: 10.6038/cjg2021O0532.

 Simulate manual processing flow

 Combination of AI and automation

 Efficient phase association algorithm

 Suitable for multi-scale seismic network

 Seamless connection with current system



2021/05/21 Yunnan Yangbi M6.4 Earthquake
2021/05/22 Qinghai Maduo M7.4 Earthquake

The research group installed RISP 
system in Qinghai and Yunnan



RISP Analyst

Yangbi M6.4 aftershock sequence processed by RISP

 5/28-6/27：RISP 6667 aftershocks/Analyst 2752 aftershocks, 2.42

 Matching rate 95.75%; missed 117 (4.25%); detected more than 4032 eqs



 OT difference: 0.10 ± 0.50 s;    <1 s,    90%

 Epi difference: 1.50 ± 1.30 km;   <3 km, 90.2%

 Dep difference: - 1.30 ± 2.80 km; <5 km, 96.7%

Mag deviation: 0.15 ± 0.23;      <0.4,    90.7%

Comparison of RISP and manual catalogs for the Yangbi EQ



The arrival time of P wave picked by AI is 
less than 0.1s, and about 95% is less than 0.2s

Comparison of numbers of aftershocks detected by RISP and analysts

Blue: RISP 
Gray: Analyst

b-value



Application of RISP in Sichuan and Yunan seismic network

298 stations RISP processed 50000+ eqs in two months



Check/verify 100 earthquakes only needs 9 mins

Processing efficiency is improved at least 30 times!

Human-computer 
interaction processing



Earthquake classification First motion  Focal mechanism



1. The generalization problem

2. Difficult to detect second P and S waves at large distance

3. The tradeoff between miss picks and false detection

4. More on detection and phase picking, few on polarity and classification

Very promising, quick developing stage
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Special issue of AI seismology in EQS and SRL

Deadline 06/30/2022 Deadline 3/1/2022
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If you are interested in RISP and want to install the 
processing system, please contact me: flh@cea-igp.ac.cn
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AI
missed
EQS



多检测事件：7月9日自动1133个，人工79个，多检测1054个事件。1033个(98.0%)为地震

或爆破事件，21个(2.0%)为误检测。

漏检原因：漏检339个。其中有233个可以离线检测到，多数由于数据流中断、台站延时

较大及系统维护等原因造成。另106个是由于多震叠加、清晰震相少等导致未能检测到。

Application of RISP in Sichuan seismic network



Earthquake
catalog

Emergency 
response

Earthquake 
prediction

Seismic 
Tomography

Active 
fault



Meng et al., 2017 Zhuang et al. 2017

G-R Law and ETAS model estimation



Seismic stations in China（ ~1200, before 2021）



Sichuan、Xinjiang and Yunnan account for ~63% seismicity in China

Dai et al，2019

Earthquakes in different regional seismic networks



Earthquakes in Sichuan and China

100,000 eqs per year



 6/10-8/10:AI 35757，Mannual 4559，7.84 times

 Matched 4220，matching rate 92.6%；missed 339 (7.4%);detected 31537 more

Application of RISP in Sichuan seismic network



 OT difference:

0.27±0.69 s; <1.0 s, 86.2%

 Epi difference:

3.8±3.3 km; <10km, 94.2%

 Dep difference:

1.8±6.9 km;  <10km, 89.5%

 Mag deviation:

0.05±0.16; <0.3, 93.6%

Application of RISP in Sichuan seismic network

Comparison of RISP and manual catalogs




