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JMA EEW score from 2007 to 2014

The JMA EEW shows a good
performance in general.

due to unexpected events.

However, the score sometimes drops temporally

—

the Tohoku earthquake (M9.0)

and its active aftershocks

l/

a serious false alarm on Aug. 8
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1. How does the JMA EEW work?

2. What technical challenges have occurred
during the operation?

3. What improvements are planned?



1. How does the JMA EEW work?

ex.) a M5.6 earthquake on Sep. 16, 2014

The JMA EEW estimates hypocenter location and

with additional observation data. N
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The general public receive an EEW message as “warning” when
MM Scale |1 2] 8 1S the maximum JMA seismic intensity reaches 5lower or more.
mskscale 1 | 23| « [slsl7 s Specific users obtain all EEW messages as “forecast”. 4




Detailed method

(1) Hypocenter estimation

Earthquake
occurrence :

# triggered Lapse time
Main part < point 1 2 3 5-10

B-delta method

220 strong-motion Using only P-wave

seismometers (in 2014) 3 i: ival
i (joint h with RTRI) &+ . arrivals
; Uoint research with RTRI )i} Grid search method
SN NS EEEEEEEEEEEEENSEEEEEEEEEEE :
: Territory method
Sub partl : Grid search with Not-Yet-Arrived-Data
About 800 high sensitivity seismometers (Hi-net) ‘ (developed by NIED)
Sub part2 Using both P-and | i Conventional auto hypocenter
rapid — accurate
Main part n
network in 2014 | . js
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NIED : National Research Institute for Earth Science and Disaster Prevention
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Detailed method

(2) Magnitude estimation

Start P- and S-wave Fix P-wave Switch to S-wave magnitude when it
magnitude calculations magnitude exceeds P-wave magnitude.
N
P-wave magnitude |
calculation

S-wave magnitude

calculation

Estimated A
magnitude
(red line)

M

Rapid magnitude estimation from P wave is
critically important for providing long lead time.
/
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w A part of S-wave

magnitude —

P-arrival time “ | 70% of S-P :lme AN 100% of S-P time

0.72M = logA + 1.2logR + 5.0 X 1074R

—5.0%x 1073D + 0.46

> 0.87M = logA + 1.0logR + 1.9 x 1073R

—5.0x 1073D + 0.98

A: maximum displacement
amplitude /10um

R: hypocentral distance /km

D: hypocenter depth /km



Real-life examples of disaster mitigation by the JMA EEW

The 2011 off the Pacific coast of The lwate-Miyagi Nairiku Earthquake
Tohoku Earthquake (M9.0) in 2008 (M7.2)
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2. What technical challenges have occurred during the operation?

(1) Under-prediction for huge earthquake

(2) False alarm with active aftershock and noise data



(1) Under-prediction for huge earthquake

Technical challenge Measure

1. Upgrading the S-wave magnitude equation
- It estimates M8.5 and maximum JMA seismic intensity 7.
- A tentative countermeasure

The JMA EEW under-predicted strong motion of the
Tohoku earthquake because of

- magnitude saturation - .
: . 2. Introducing PLUM method (future planning)
- large rupture zone point source model cannot o ; o
- Prediction without hypocenter estimation

represent adequately - An essential countermeasure
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(2) False alarm with active aftershock and noise data

Technical challenge

False alarms were issued because the JMA EEW

system

- confused small simultaneous multiple earthquakes
with a single large earthquake large rupture zone.
- identified noise data as one of trigger data.

Measure

1. Upgrading earthquake identification logic
- Setting more strict distance limitation and eliminating tiny
earthquake data
- A tentative countermeasure
2. Introducing IPF method (future planning)
- Prediction using Bayesian estimation
- An essential countermeasure
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3. What improvements are planned?

(1) Implementation of new methods

(2) Utilization of new seismometer networks

11



(1) Implementation of new methods

- IPF method

- PLUM method

- Hybrid method

12



Integrated Particle Filter (IPF) method T il & &1, 22

A measure for (2) false alarms with active aftershock and noise data

Bayesian estimation — Particle filter

. - - D :Observations
Likelihood Prior 0 - Hypocenter

p(D|0) x| p(o)

p(@| D) is calculated

40° 1 numerically with particle filter.

Posterior

p(@|D)=

(D) Past seismicity
p % Avs 2.0
Area constraint
Characteristic features: . . . 1.5
. . . using Voronoi cell 38" - _
- distance and direction of 103
hypocenter (obtained from ja oh
. . . P e 0.5
B-A and PCA) Integrating various kinds of
- travel time information makes hypocenter The particle that maximizes p(&@ | D) 0.0
- magnitude determination more robust. is chosen as an estimated hypocenter. 144"

Earthquake identification logic in IPF method |=============

AT: Travel time residuals
AM: Magnitude residuals

Conventional approach IPF method
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Propagation of Local Undamped Motion (PLUM) method

A measure for (1) under-prediction for huge earthquake

- A simplified version of “numerical shake prediction”
(Hoshlba and Aok| 2015)

200 +

*10 se'c after 20 sec. after

,‘g;/_

- It predicts JMA seismic intensity directly from real-

150

1100

50

30

time observed one. _
No need to determine

hypocenter and magnitude!

Real-time JMA seismic intensity (Kunugi et al., 2008)

\ JMA / earthquake!

In the future...

v\>

seismic intensity Seismic intensities are
meter / f automatically sent every
one second whether

earthquakes occur or not.

Calculation method

- Assumption:

Strong motion propagates within 30km
without attenuation.

an empirically
- Algorithm: determined value

Collect observed real-time JMA seismic intensities
within 30km at each prediction point

9

Take the maximum value as a prediction of the
target prediction point
*In addition, values are corrected by site amplification factors.

observed real-time v : observation point
JMA seismic intensity . v : prediction point
LY
4.7
4.5 “ ¥
v 2%
ongoing strong % 24 14
seismic wave X1 oredicti v L : v
25 30knj|-radius
v circle
“The same strong 19 A p.redict.ion. seismic 1v5
motion will hit.” \V4 intensity is 4.5
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Hybrid method

JMA plans to use IPF and PLUM method at the same time as “Hybrid method”.

It gives long lead time but have
difficulty with huge earthquake.

It gives short lead time but have no
difficulty with huge earthquake.
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IPF method PLUM method
consistent
+* —————
inconsistent
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It gives long lead time AND have no
difficulty with huge earthquake.

/

Judge consistency by

/| checking real-time
observation data near
the estimated epicenter

/

Hybrid methoq

=y
L

Take the
maximum values

when IPF and
PLUM method are

1?7 consistent.
Only take the
values of PLUM

method when IPF
and PLUM method
are inconsistent
(to avoid a false
alarm due to IPF
method).
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(2) Utilization of new seismometer networks

History of the number of seismometers used for the main part of the JMA EEW
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How does the JMA EEW work?

- It estimates hypocenter and magnitude and then predicts JMA seismic intensity.

- It selects appropriate calculation methods on moment-to-moment basis on hypocenter and magnitude
estimation.

- It has helped with damage mitigation of real significant earthquakes.

What technical challenges have occurred during the operation?

(1) Under-prediction for huge earthquake
(2) False alarm with active aftershock and noise data

What Improvements are planned?

- Implementation of IPF method, which includes Bayesian estimation and particle filter, to distinguish
simultaneous multiple earthquakes and noise data properly

- Implementation of PLUM method, which predicts JMA seismic intensity directly from real-time observed one, to
predict appropriate strong motions of huge earthquakes

- Implementation of Hybrid method, which combines IPF and PLUM method

- Utilization of new seismometer networks including large-scale OBS networks and denser inland seismometer
networks
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