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Typical wavetorm: High' SNR
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Most of the earthquakes are microseismics

M<1.0, 87%, M<2.0, 98% 87% earthquakes are smaller than ML1.0
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Increasing of seismic stations
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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

0 ;Eg;|21 |v|||:|N nE z|n§r§l:|3soo |v||P |v| 201280516.136.00.seed lIHIHiIl 0.000umis | [ 20180516 17:0:0.000 3600
| } . | | ;
'| T T L .
One-hour waveform R o |- :
W t e ¥ ir —¥ # + 2
Ai01s, ke, z £
337002 /00/EHE [ CHG= SESPCl] A ol s N ‘
A=0.15, Azita40.d i i L i L= ¥ |
XED']/D T [CHG-3] SP [I | | L = IL " P i
I 2 T l“k ey .‘ i r
30/%C34700/ 4T [CMLG 3ESPCE_ n . . : e o , -
Al=g,22, aedl '?3 ERE \8 T Lisns 4 A +
P | l‘ . p—r ¥
i e ' b ik ¥ " L
f ) w

3
3
e
+
Lo &
—
$ q!v-
-+ |+
i auls a8
-+
- J
3
+
*
¥ T

L
i
-
2

T
gl
3

r

1
—

*
-+

=

ARt e s Sl u
i el i

4

h
+
-~
?—"%E? &= _ié_ s a%?é—#b=ﬁ4rk

5

¥

-
- e ~‘§; =

T

.45, AT i
SOAAET /007 .| [EM SRS PES|

e, e iy 2 'y s
i1 i il o Lol ¥ ¥ ! fpmnip w&.—'
5C/ILO/00/BR] [CMG3ESFC]
L = G .
AZ0. 72, AZ1H249.2 | i
TR E AL g e

O A )
A3/XC1e /00 ELZ [CHG-3ESFC]

o

i)

2021/12/9



28.6

Induced seismicity
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Earthquake automatic detection method
Since 1978

STA/LTA, AIC, AR, Kurtosis,

bl Wavelet, Polariztion, SVD
Autocorrelation

BRI
Matched filter technique

FAST Fingerprint And Similarity Thresholding
Machine Learning

Al

Deep Learning CNN.U-net, RNN



Standard Approach to Detection/Location

STA: Short Term Average Earle and Shearer [1994]

LTA: Long Term Average



Difficulties 1n microseismic detection

» Large amount, weak signal, noise interfere, few record station
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I Teleseismic and regional event detection and final quality class assessment I

A Figure 1. Flowchart of the Regional Seismic network of Northwestern Italy-Picker Version 2 (RSNI-Picker;) iterative working procedure
(modified from Spallarossa et al, 2014). AIC, Akaike information criterion; BP, band-pass; SAC, Seismic Analysis Code; SN, signal-to-noise.
The color version of this figure is available only in the electronic edition.
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= Computer vision large-scale visual recognition
=" challenge (ILSVRC) winning error rates (2010-2017)
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2017, Institute of Geophysics of China Earthquake Administration (IGPCEA) hosted an

international contest titled “Aftershock Detection AI Contest”
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SRL Opinion Paper: SeismOlympics
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SeismOlympics @

Lihua Fang; Zhongliang Wu; Kuan Song

Seismological Research Letters (2017) 88 (6): 1429-1430.

https://doi.org/10.1785/0220170134

Article history &

SeismOlympics

On 23 May 2017, a clear day in Chengdu, the capital city of
Sichuan Province in China, located ~80 km away from the
epicenter of the 2008 M, 8.0 Wenchuan earthquake, Alibaba
Cloud (the largest cloud computing company in China, a sub-
sidiary of Alibaba Group; see Darta and Resources) and the
Institute of Geophysics of the China Earthquake Administra-
tion (IGPCEA), jointly launched a seismological programming
contest titled “Aftershock Detection Arrtificial-Intelligence
Contest.” The initial target of this contest was to identify as
many aftershocks as possible from the continuous seismic
waveforms of the 2008 Wenchuan earthquake, which is the
firstin a series of seismological programming contests. Accord-
ing to the public relations manager of Alibaba Cloud and the
scientists at IGPCEA, this activity has the dual mission of ex-
ploring the limits of compurational capability for seismological
research, as well as enlisting seismologists and dara scientists to

(ODPINION

contest, a metric was designed similar to the rules of the game
in gymnastics. The contest has two kinds of scores; the auto-
matic picking of the aftershocks is a ser exercise, whereas the
association and location are optional and can gain extra bonus
points.

The Data Management Centre of the China Nartional
Seismic Network at IGPCEA provides three-component
broadband seismic-waveform data recorded by 16 permanent
seismic stations surrounding an aftershock area of the Wen-
chuan mainshock. The data format is a standard binary Seismic
Analysis Code with 100 Hz sampling frequency. The total
volume of the waveform dara reaches 240 GB. The waveform
dataset begins one month before the mainshock and ends four
months after the mainshock. The continuous waveforms can
be downloaded freely after registering on Tianchi, a dara-
mining platform by Alibaba Cloud.



RESEARCH

GEOPHYSICS

Machine learning for data-driven
discovery in solid Earth geoscience
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and how o @min new maghts from hah damand
smulations and the merply betwesn the two.
We argee tha mackine levrming (ML) will playa
kzy role in tha offort

Ml drmen brekthoughs have come mmally
in traditonal fields such & computer vision and
matural language processing, but scientiss in
other domains have rapidly adopted and ew
‘endedthess wohn iques ©emahle discovery mome
broadly (7-4). The eeent ineest in MLammg

labil ity of labeled data, (i) dimensionality
of the dsa vertor (i) size of damset. (iv)
continuous versus disraevalued prediction
twrget. and (v)desired model mtapretabiliy.
The level of mode] imerpretabil ity may be of
parooule conesn in geosoemiic
Atugh iner may na be
in ahighly acourate image recognition system,
#t i evitical when the goal i to gain physical
msight mto the smem.

Machine learning in solid Earth

Forimtiss mtialy ased an d anak
i of lage datiests, et has expanded o the
we of ML ©© reach a desper understanding of
coupied procemes through damdriven discow
ies and modeldriven insights. In Sis neview
we intodoce the challenges feed by the goo-

Saengss have been apphang M. tech mques to
jprablems i the sEg or decades (17 13 Despre
the promise shomn by early proof of concepe
studies, the community has been slow to adop
ML more hroadly. This &s changing rapidly.

scenees, present wends in g
research, and pronide Ecommendations © help
aredlerge progres.

ML offers a set of tools to extract knowledge
and draw infrences from data (5. [tcan also be
toughtaf  the means to antficial meligenee
{Al) (6), which inwhves machines that can per-
frm tasks of human

Rerem pe ghs in ML, in-
duding adwances in deepleaming and the avail
abdliy of powerful easytowse ML toolheones,
hawe Jed to renewed intevest in ML among geo-
scentiss. In sBg. researchers have keweraged ML
© ftickle 3 diverse range of tasks tha we grup
Mo the three nenoanedtsd modes of aUma:
and inverse and dis-

7. 8 ML algorthms are designed o leam from

Bags ol al, S 343, sl L (W0F) L Macs X%

nan
covery (AL 3.
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“Aftershock Detection AI Contest” 1s cited in
Science by Stanford University and Harvard
University.

Recently, the Institute of Geophysics at the
Chinese Earthquake Administration (CEA) and
Alibaba Cloud hosted a data science competition
with more than 1000 teams centered around
automatic detection and phase picking of after-
shocks following the 2008 M, 8.0 Wenchuan
earthquake (119, 120). The ground-truth phase-
arrival data, against which entries were assessed,
were determined by CEA analysts. Such chal-
lenges are useful for researchers seeking to test
and improve their detection algorithms. Future
competitions should have greater impact if they
are accompanied with some form of broader
follow-up, such as publications associated with
top-performing entries or a summary of effec-
tive methods and lessons learned from compe-
tition organizers.
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The pros and cons of different methods

Template
matchin
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e Deep Learning
ol
pros: high efficiency sl )/
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£ /
cons: SNR, false pick-up, S-wave, threshold setting S l'
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* Template matching method petecics R<abiliy
pros: relatively complete catalog R "w

cons: need template, template completeness,
. potann . . Modified from Yoon (2015)
efficiency, lack of seismic phase information
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Earthquake detection with deep learning
High efficiency, high precision, low computation cost, open source codes
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Deep Learning earthquake detection methods

ConvQuakeNet — Perol et al., 2018

DetNet — Zhou et al.. 2019
Yews — Zhu L. et al.. 2019
ConvNet — Dokht et al.. 2019
CapsNet — Chen et al.. 2020
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Ross et al. 2018a
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GPD — Ross et al., 2018b

CRED — Mousavi et al., 2018
PhaseNet — Zhu and Beroza, 2019
PickNet — Wang et al., 2019
Cospy — Pardo et al., 2019

EqT — Mousavi et al., 2021

S-EqT — Xiao et al.. 2021



Outline

1. Research Backgrounds
2. Progress of earthquake automatic processing

3. Development and application of RISP in China
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Earthquake detection example
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Performance of Al-based detection method

New Unet/Unet++ model outperms PhaseNet
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Extensive test in China and USA
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Sichuan Shimian M4.1 earthquake sequence
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Flowchart of continuous waveform processing
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Realtime Intelligent Seismic Processing system (R/SP)

Real-time o
waveform Al phase Association &

Simulate manual processing flow dita sream picker Location

Combination of Al and automation

. . . . R : : No . Ye
Efficient phase association algorithm Sl e A,

database

Suitable for multi-scale seismic network

Seamless connection with current system

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 M 6.4 earthquake Chinese Journal of Geophysics
(in Chinese),64(10): 3632-3645,doi: 10.6038/cjg202100532.
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2021/05/21 Yunnan Yangbi M6.4 Earthquake The research group installed RISP
2021/05/22 Qinghai Maduo M7.4 Earthquake system in Qinghai and Yunnan

ey SR Nt o s ‘f!




Yangbi1 M6.4 aftershock sequence processed by RISP

B 5/28-6/27: RISP 6667 aftershocks/Analyst 2752 aftershocks, 2.42
B Matching rate 95.75%; missed 117 (4.25%); detected more than 4032 eqs
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Comparison of RISP and manual catalogs for the Yangbi EQ

(b) (c)
100 %
E 80 %
8
g - 60%
Ld 0 ‘ﬂ
[ ] [ ]
v OT difference: 0.10 = 0.50s; <1s, 90% : , [ o
Fz
o 20%
3 3 + 0 -2 — == 0%
v Epl dlffel‘ence: 1.50 LA 1.30 km; <3 km, 90.2 A) 0 500 1000 1500 2000 2500 0% 10%20%30% O 1 2
Everts Percantage O.T. difference(s)
10 @ ) : 0 100 %
. — .,
: 2.80 km; <5 km, 96.7% : Al
v’ Dep difference: - 1.30 X 2.80 km; <5 km, 96.7% = I - s
8
1=
g 60 %
(J L3 0 = o
[ ) [ )
v’ Mag deviation: 0.15 * 0.23; <0.4, 90.7% : - | ox
8 1 : - 20%
i & 1
%64 % 4510 34 o o ER O M 2E R Vol. 64, No. 1 0 ; J e 0%
2021 4 10 CHINESE JOURNAL OF GEOPHYSICS Oct. .2021 1300 2000 2500 "0% 0% 40% D 2 10
Events Percentage Epicentral difference(km)
BEREAR, JRAA, WHIFEE. 2021, TR ib PR R GBI R B HAE 2021 AE Bk Ms6. 4 R R A9 R F. b ER 9 B 4F M 0 L 100 %
1} .64(10) .doi: 10. 6038 /¢jg202100532. _
23 L 80 %
Liao S R. Zhang H C. Fan L P. et al. 2021. Development of a real-time intelligent seismic processing system and its &=
o
application in the 2021 Yunnan Yangbi Ms6. 4 earthquake. Chinese J. Geophys. (in Chinese) .64 (10) . +doi:10. 6038 E, il - 60 %
¢jg202100532. % 4 a0 %
6]
& 20 %
SR B RMIE R A R BT 2021 £ R Sl
~ HT.I. = ﬁbi = I\EE, \éjl:ﬁ ;E\: + 2021 AN E N == %10 %00 %30 %40% 0 g e
Events Percentage Depth ditference{km}
! Mz FA
M6, 4 8= PRy A ®) 0
1.0 i d . L L — 100 %
2 I o4 A1 oA okl B2 k3.4, g 80 %
s 3G s FHE, mRIK . FILE . 5 05 :
LR . b £ ! - 60%
PSR R JE T SRRSO, ST 381 § £ T F 40 %
o [ e PRBESE R . Jbst 100081 £
i i PR G, ] £ o 20%
Wi KB B AL = 0l i ‘ ‘ ‘ ko] . ‘ H==! S
SRR . W 65022 0 500 1000 1500 2000 2500 0% 10% 20% 0.0 02 04 06 08 1.0

Events Percenlage Magnitude difference

Percentage

Percentage

Percentage

Percentage



Counts

Counts

Comparison of numbers of aftershocks detected by RISP and analysts
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Application of RISP in Sichuan and Yunan seismic network

298 stations
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RISP processed 50000+ eqs in two months
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Human-computer
interaction processing

Check/verify 100 earthquakes only needs 9 mins
Processing efficiency 1s improved at least 30 times!
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Earthquake classification
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A I Very promising, quick developing stage
1. The generalization problem

2. Daifficult 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



Special issue of Al seismology in EQS and SRL

Call for papers in a special issue of Artificial Intelligence in Seismology

e © QO O

In recent years, artificial intelligence has developed rapidly in the field of seismology. To further promote the integration of
artificial intelligence and seismology. we'd like to invite contributions to a special issue of Artificial Intelligence in Seismology.
The topics include, but not limited to, the following: microseismic detection, earthquake early warning, seismic phase arrival

pickup, seismic signal denoising, focal mechanism inversion, tomographic inversion, and so on.

Earthquake Science (EQS) is an English international journal sponsored by the Seismological Society of China and the Institute
of Geophysics, China Earthquake Administration. It is a core journal of seismology and geophysics in China and has over 30

years of publication history. The journal is being re-organized (with Prof. Xiaodong Song serving as the Editor-in-Chief). With a

renewed effort and your support, we strike to become a flagship journal of earthquake science research in the region and beyond.

You can submit your manuseripts at the following website:
https://me03.manuscriptcentral.com/eqs

The deadline for submission is June 30, 2022, If you have any questions, please contact one of the editorial staff below. If you

are planning to submit a paper. please email your tentative title to the email address as soon as possible.

Currently. guest editors of the special issue include: Lihua Fang, Jianwer Ma, Xinming Wu, Zefeng Li, Han Yue, Weitao Wang,

Deadline 06/30/2022

‘We look forward to your contributions and an exciting and timely special issue.

Jian Wang, and Weigiang Zhu.

SRL Call for Papers

Big Data Problems in Seismology

Seismological Research Letters (SRL) is soliciting papers for a Focus Section on Big Data Problems in
Seismology.

Seismology has undoubtedly entered an era of big data, with major seismic data centers like IRIS now storing
hundreds of terabytes of waveform data. Recently, the emerging use of large-N arrays and Distributed Acoustic
Sensing (DAS) have been rapidly accelerating the accumulation of large seismic data sets. At the same time,
machine learning (especially deep learning) and other more general tools from data science are providing
brand-new perspectives to examine these large data sets. Since the Focus Section on Machine Learning for
Seismology in SRL in early 2019, the application of machine learning in seismology has grown sharply. It has
become increasingly standard to use machine learning in seismic data analysis, including relatively mature
applications in automation of earthquake detection, phase picking and phase association. Seismologists are
becoming adept to big seismic data problems and witnessing a gradual paradigm shift of seismological
research. This focus section invites papers covering a wide spectrum of big data problems in seismology, with
applications to earthquake source or earth structure analyses using machine learning, DAS and large-N arrays,
or any of these new techniques in combination. We also welcome contributions on technical challenges and
solutions to storage, processing and visualization of big seismic data.

Guest Editors for the special section are:

Zefeng Li, University of Science and Technology of China; zefengli@uste.edu.cn

Daniel Trugman, The University of Texas at Austin; dirugman@jsg.utexas.edu

Lihua Fang, Institute of Geophysics, China Earthquake Administration; flh@cea-igp.ac.cn
Jonathan Ajo-Franklin, Rice University; jab2@rice.edu

Avinash Nayak, Lawrence Berkeley National Laboratory; anayak7@Ibl.gov

Deadline 3/1/2022

Deadline for submission of manuscripts: 1 March 2022
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processing system, please contact me:

If you are interested in RISP and want to install the

flh@cea-igp.ac.cn
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Thank you!

Lihua Fang

Tele: 010-68729203

Email - flh@cea-igp.ac.cn
https://www.researchgate.net/profile/Lihua-Fang-3
https://scholar.google.com/citations?user=ENeCiMY AAAAJ&hl=en
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Application of RISP in Sichuan seismic network
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Seismic stations in China ( ~1200, before 2021)
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Earthquakes in different regional seismic networks
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Sichuan. Xinjiang and Yunnan account for ~63% seismicity in China



Earthquakes in Sichuan and China
100,000 eqs per year
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Application of RISP in Sichuan seismic network

W 6/10-8/10:A135757, Mannual 4559, 7.84 times
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Application of RISP in Sichuan seismic network

Comparison of RISP and manual catalogs
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