f Remain calm, and secure \
your personal safety

vou feel theearthquake,

AtHome When Derlng pull afelycvertctheleftgrd stop
« Protect your head and shefrer - Den't slow down suddenly
under a table ~ Turn anyour hazard lights te

alert otherdrivers, then slow
down smoothly
« fyzuare still meving when

« Den't ush cutside
« Den't werry abour turning off the
gas in the kitchen

In PublicBuildings Outdoors On Buses or Trains In Elevators

+ Follow the attendant's + Lock outforcollapsing s Holdentighttoa stmpora + Stop theelevatorat the
instructicns concrete-block walls handrail rearest floor and get off
« Den't msh to the exit irnrrediatety

+ Bz careful of falling signs and
|

Tips to protect yourself from tsunamis

Leave coastal areas immediately and evacuate to a safe place if strong shaking
faeismic intensity of 4 or greater) or weak but long-lasting slow shaking is felt
Even if you do not feel shaking, leave coastal areas immediately and evacuate to a
safe place if a Taunami Warning is issued.

Use TV, radic and/or the Internet to obtain accurate information.

Do not go to the seashore to engage in bathing or fishing activities when a
Teunami Advisory or Taunami Warning is in effect.

KI Remain on alert until the warning is cancelled, as tsunamis may strike repeatedly. /

~

JMA Website

For more information and facts about

meteorology, earthguakes and volcanoes,

visit IMA's website I'.
at http/Aunnn jma.go jpdmasindexe himi

/_\

Harerun: the Jwa Mascot

\_

Japan Meteorological Agency

1-3-4 Otemachi, Chiyoda-ku, Tokyo 100-8122 Japan
Fhone: +81-3-3212-834 1
Webhsite: http: A jma.go jp/masindexe htmi

hdarch 2008
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Preface

- How to Use Warnings and Information for Disaster Prevention -

Japan i3 one of the most earthquake-prone countries in the world, and has repeatedly suffered serious damage

caused by earthquakes and tsunamis.

AThe Mid Nigata prefecture BEarthiguske n 2004

What would happen if there were no
earthquake/tsunami information when a tremor hits?
The absence of information on areas that are at risk
of tsumamy strikes or subject to strong shaking would
delay evacuaton and emergency response by disaster
prevention agencies, and may result in extensive
damage,

The Japan Meteorological Arency JMA) promptly
Izsues wamings and hiformation on earthquakes and
taunamis to mitizate disasters and protect life and
property.

Examples:
®1In the eventoflarge earthquakes JMA announces
earthquake alerts before strong tremors arrve

{Earthquake Early Warnings).

®1In the event of large earthquakes in ocean areas,

AThe lwate-Mivagi Mainku Eartbousle in 2008

JMA announces estmated tsunami heights and
their arrival times in advance (Tsunami
Warnings/Advisories).

®In the event of earthquakes, JMA announces
hypocenter, maonitude and where strong shaking
has been felt (Earthquake Information).

To utllize above information, it is very nportant to
understand the amnouncements made by JMA and o
have a certain level of awareness in regard to
earthquakes and tsunamis.

This brochure explains various types of information
ad wamings and outlines IMA's monitoring network,
Basic facts about earthquakes and tsumamis are also
included.

This resource aims to help people understand the
yarious types of information issued by JMA to
prevent and mitizate disasters caused by earthquakes
and tsumarnis.

] 2



Example : 2008/09/1 1 Tokachi-oki (M7.1)

Information on the Tokai Earthquake = P.08

Zarthiquake Phiendmens Cheeniation SS9 € cheenmtion Mook | STtUation | Information ssued by JMA | Action by Fubic Urganeatons
v

) Earthquake! e .ﬂl ™ I
.

x " 7 - - ]
i_n-.'f _‘.,.-_n_.-' Ji1 A s horeasein anomaly
.3 Initial estimation of epicenter Detection of cther andrialy 2= Tokai
logation, magnitude and L 4 Eartipake fissessinent l -m-Earthquake
saismic intensity using data. — Director-General of A um—)  Corits: e AdVisOrY
("aSteSt Detection: 0933130‘0 8 o nqueke Prasicion nirma :

After several seconds to a few RimeMiistr ). Cabinet Mezting I
tens of seconds (1.4 ) Earthquake Early Warnlng 09 21 13

; Estinet d GoematHesigitssio Exowe Dt i ADOLIE The Tokail Earthquake p.24~25 I::>
%# T ama
w.LH_;__h_n Several to a
' S few tens of
seconds Tsunami Warning (cancellation) 10:45
barthgquake karly Warning 1= eplcenter
izsued to the general public. I
e
Principle See p.20 |:{> ff,,-f “.i:_m“
‘.ll".;jarnmgt aras e ton e ¢ gt e I ; m._‘_ﬁ
e contours represent the lead time (in i “r
Tsunaml warnlngS/ seconds) from the Earthquake Early "j s I !,_-': f’,,
AdVISorIeS »p 05 Warnin:g to the arrival of strong motion. ‘-‘Hl}"“—-x N ’f_f,-’
JMA issues a Tsunami Warning : ; [ H"“‘m .,f"'f" Estirated Sejsmcflnteps]ty
P 5 Dlstrlbutlon Map y

as s0on as an earthquake hits.

= JMA rronitors earthguakes and tsuremis around the clock.

+ Prior computer simulation of tsuramis has been conducted
with earthquake scenarios involing various locations and
ragnitudes, and the resulting infomration on estirated tsunami
amval tires and heights 1s stored on a dateabass,

+ Tsunami Warnings are issued using the closest-matching
results from the datebase.

L 1 I Major Tsurami
TE ]
: .:FP-' 0 1 sunami

LR Tsurami Advisory

Meawimurm intensity
5- (5 Lower)

SeISITIIC Intensity Information
Tsunami Forecasts (regions with seismic intensity of 3 ar great

JMA conducls prior ) Earthquake Information
computer simulation ot . .
{location and magnitude)

tsunamis and stores the .
results on a database. | min
Earthquake F

Tsunami
Warning

About 5
minutes

e -
""IS;_I’H‘_I_I'E rr\:
i B

Database Sezrch

Forecast method p.21—y Earthquake Information = P.06

] 2 azp
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2 Earthqguake and Tsunami Warnings

When JMA anticipates damage from an earthquake, it issues wamines and brecasts using observed data,

JMA has two kinds of warnines on earthquakes: one i3 an Earthquake Early Warning, which predicts strong
motion, and the otheris a Tsunamd Warning, which predicts tsunamis. The Arency also issues public advisories
and forecasts if the expected level of damace is below the criteria for these warnings to be issued.

Earthquake Early Warnings

Earthquake Early Warnines (EEWs) are warnings
(or forecasts) of strong moton to be issued several
seconds to several tens of seconds before its arrival,

If the estimated seismic mtensity is above Blower,
an EEW is issued to areas where the estimated
selsmic intensity is 4 or greater through media such
as TV and radio,

The main benefit of EEW iz that they are izsued
before the arrival of strong shaking, Strong tremors
caused by earthquakes strike suddenly, However,
notice of their arrival several seconds to several tens
of seconds in advance allows people to take acton to
protect themselves, such as promptly moving away

from windows and shelves or taking cover under a
sturdy table, As there are only a few moments before
strong tremors arrive, after the issuance of EEW
there may be no time to consider how to react on
hearing EEW, this makes it important to carry out
emergency response drills so that appropriate action
can be taken as soon as a warning is given, In areas
close to the focus of the earthquake, however, an
EEW may not be transmitted before the tremors hit
and errors of £1 or so may be included in the
estimated scismic mtencty of EEW,

It should be noted that there are such limits to the
aceuracy of EEW,

4% Example of an EEW broadcast image (NHK)

ahY v
Py ¥ |FE 3W %% BE 21

& EEW

Criterion

Contents

Examples of responses to EEW

Predicted seismic intensity is
S-lower or greater.

Mames of areas where seismic
intensity is predicted to be 4 ar
greater

Provided through various media
{e.g., Tv and radio) to the general
public.

Tsunami Warnings/Advisories and Tsunami Information

Taunamis are one of damaging phenomena caused
by earthquakes, If a tsumamy strikes a coastal area, it
can cause death or serious injury to people and
damage to buildings.

When an earthquake occurs, JMA estimates
whether a tsunami has been generated. If 2 disastrous
taunami is expected in coastal regions, JMA issues a
Tsunami Warnine/ Advisory for each region (66
individual regions are defined to cover all coastal
areas of the country),
¥ Tsunami Wamings/Advisories

Gategory Indication

Taunari Warnines/ Advisories are categorized into
three levels - Tsunami Warning (Major Tsunami),
Taunard Wamning (Tsunami) snd Tsumami Advisory -
according to the estimated tsunami height |MA also
issues information on tsunami details such as
estimated arrival time and height. If no damage is
expected, 2 Taumami Forecastisissued,

Warnines/ Advisories may be changed or updated
based on observed tsunarmi heights,

Action to be taken

Tsunami

Major Tsunami | Tsunami height is expected to be 3 meters or more. | Leave coastal areas immediately and

Warning [ Tsunami

Tsunami height is expected to be upto 2 meters.

evacuate to 4 safe place.

Tsunami Advisory meters

4 Tsunami Forecast

Tsunami height is expected to be about 0.5 | Leave coastal areas and do not engage

in fishing or swimming actvities.

Forecast of changes in sea level

Indication

Mo tsunami is expected

A Mo tsunami is expected” message is added o the Earthquake nformation.

Expected height of sea level

change less than 0.2 m. 0z2m

Mo damage is expected as changes in sea level will be less than

Slight sea level changes may still
occur after Tsunami Advisory

cancellation. being.

Pay attention when engaging in fishing, swimming or other
activities, as changes in sea level may still occur for the time

¥ Tsunami Information

Tsunami-related messages

Indication

Tsunami Information
(forcastof height and arrival time of initial wave)

Forecasts of the height and arrival time of the initial wave are
provid ed for each forecast region.

Tsunami Information
{arrival time of tsunarmi and high tide)

Information on the estimated time of high tide and forecasts of
tsunamni arival times at several points are provided.

Tsunami Information
{tsunami observations)

Arrival times and tsunami heights observed at tsunami
observation stations are provided.

4 Tsunami Forecast ‘
. L s e
Regions 7 p——
3 s i, .
1 r ﬁu.‘:,‘.-;:;'r’.;;* : inzumennn pom o immrrme. | ot ocoe e
¥ P 5, il SR [T rEr T PP e e
L o Al ] Y e e ol T P T
| R N g e er o ar R
L T |
L " Phind e oy peer e eeent T PE—
[ 1 [k COSKT £F | ) AN M E
LI [P LA Tl TR 1NN s TR
. w i et e TR AP il i, B M
N 2 [
By L 1
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JMA issues predictve information such as Taunamd Warnines/ Advisories and Earthquake Early Wamines as
well as earthquake mformation based on the results of observations,

Earthquake Information issued by the JWMA

To enable prompt emerzency measures to be taken by disaster management
authorities, [MA analyzes selsmic intensity taldne into account the surface weclooy for
each orid space, and draws an Estimated Seismic Intensity Distribution Map that shows
estimated seiamic intendty in places without seismic intenaity meters,

Az the analyzed values have a maron of error, users should foeus on the extent and
distribution of strone eround meton areas rather than the respective estimated value

THU S Irerei
2 L}

Title Gontent and timing of issue

Occurrencecf an earthquake

Regions with seismic intensity of 3 or greater

{lssued within two minutes of earthguake occurrence)

Earthguake hypoc enter and rmagnitude

Femark - gither "Mo threatof tsunami’or "Sea kevels may change slightly, but no danger is expected”
{lssued when no tsunami forecast is announced.)

Earthguake hypoc enter and rmagnitude

Cities/towns/villages with seismic intensity of 3 or greater, and those with estimated
seismic intensity of S-lower or greater with no reports from seismic intensity meters
Earthguake hypoc enter and rmagnitude

Sites with seismic intensity of 1 or greater

Information on the Murnber of earthquakes with seismic intensity of 1 or greater

nurnber of earthquakes | (ssued if earthquakes oceur repeatediy)

Shake MapiEstimated Saimic | Estimated Seismic Intensity Distribution Map based on seismic intensity data
ntensity Distrbution Map, | (1ssued when seismic intensity is S-ower or greater)

Seismic Intensity
Information

Earthguake Information

Earthguake and Seismic
Intensity Information

Information on seismic
intensity at each site

When seismic ntensity is 3 or greater, [MA issues
Selsmic Intensity Information within two minutes to
allowr emercency acton to be taken

The selamic intensities are disserninated to disaster
management oreanizatons ad are used as a trigger br

their emergency operation, They are also broadeast to
the public by TV, radio and other media, For exanple,
the Cabinet Secretariat will call a meeting of the
desiznated emergency response teamin the eventof a
quake with selanic mtensity of Slower or oreater,

Issuance of Seismic Intensity Information and Information on Seismic Intensity at each site
(The lwate-Miyagi MNairiku Earthquake in 2008)

: ismi i i T Information on seismic intensity
T Seismic Intensity Information .Imv | &t each site
M & Upper |7 - & Upper
- L “::hk:. :!' i'l“l;lll.l
Bl 5 upper y =40 J
A =5 Lower 'l-‘:‘ x 21 .
4 l..—G"I =N i E"-
N / [T 5
ma [ ommmnuey e smies
1 e . i
: iy o d &
I = .
_I.‘..!'H i ] u-nv.r._pi.‘ ’“!"‘ r,_'
£ 1
D By vl
- i — o
il [y
k'\i'l'r‘('\.w’u_.\ "-\,
— 'I ©y [l I.
el r Sesmic Seismic
Intansity sty
In each region %%a:h site
1 e
Smin. b

for each orid.

Estimated Seismic Intensity Dist

(The Mid Niigata prefecture Earthquake in 2004)
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# 1 Teunami Warnings and T=unami Advisories may
be issued earlier than Seismic ntensity nfomation

# 2 Thiz forecast iz issued to the regions when
taunami heights less than 0.2m ae expected.

# 3 Thie forecast i kssued to taunamiaffectad regions
other than those covered by Tsunami Warnings or

Taunami Advisories region.
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In Japan, a laree-scale earthquake with 2 magnitude of
around & (referred to as the Tokal Earthquake) is widely
expected to hit the Tokal region in the near future, In
order to predict the ocourrence of the Tokal earthquake,
JMA has developed a selsmic and crustal deformation
observation network throughout the reion in eonjunction
with related organizations, and observes data coming

from them on around-the-clock basis (zee p16) If
anemalous data are detected, JMA issues Information on
the Tokal Earthquake bulleting to allow preparatory
action and emergency measures for earthquake disaster
prevention, These are categorized into three trpes Tokai
Earthquake Report,

Land Tokai Earthquake Warning .

Sample of "Information about Tokai Earthquake” on the JMA web site

"Tokai Earthquake Report” is currently issued.

Keep watching TV or listening to the radio for more information. Attention should be given to
information from TV /Radio. No further action is required.

" is currently issued.

Attention should be given to information from TV/Radio. Act on the notice from the government and
the disaster management plan by the local governments.

"Tokai Earthquake Warning" is currently issued.

Attention should be given to information from TV/Radio. Act on the warning statements from Prime
Minister and the disaster management plans of local governments.

Earthquake Assessment Committee for Areas under

If any anomalous phenomena observed
are considered to be precursors of the
Tokai Barthquake, |MA will convene the
Earthquake Assessment Committes for
Areas inder Intensified Measures aganst
Earthquake Disaster, which consists of
earthquake sesmolozist

If the Committee concludes that the
Tokal Earthquake iz imminent, the
Director-General of [MA will report this
conclusion to the Prime Minister, who
will then hold a Cabinet meeting and
Issue a warning statemnent

Intensified Measures against Earthquake Disaster

{ronthly meeting)

~ from Detection of Anomaly to Warning Statement ~

Change of situation Information Issued  Action by
by JMA Public
Organizations

Tokai Earthquake Report [ Collection of |

Detection of Anomaly

If no relation between the obsened Information
anomaly and the Tokai Earthquake
is established N

[ ]

If 3 precursory phenomenon of the
Tokai Earthquake is not
immediatelyappredation

Anomaly Increase . Preparatory
Tokai Earthquake Action
Advisory according to
Earthquakj If there isan increas in concem Prevention plans
Assessment Committee || overtheimminent occurrence of S 2
the Tokai Earthguake

Ir
N

Director-General of JM& I

Prime Minister  Cabinet Meeting

iR

f N
Warning Statement Establishment
Tokai Earthquake %fPFEfECtUFa|
Establishment of Government  Headquarters Warning overnment
far Earthquake Disaster Prevention If the Tokai Earthquake is thought Headquarters
to be imminent for Earthquake
Disaster
Prevention
\ V.

agp



10>

S

When a large earthquake occurs, JMA 1ssues a
FPrompt Report of Occurrence of a Large Earthquake
and Tsunami thypocenter, magnitude, possibility of
taunarm, areas of strong motion, historiesl earthquake

Frass conference

When a larce earthquake oceurs, a sequence of
smaller earthquakes usually follows it The largest
earthquake iz called the mainshock, while the smaller
ones are referred to as aftershocks.

activity around the hypocenter), If there is possibly
zerious damage, the Arency announces nformaton on
the earthquake and issues important notices to the
public through the news media (News Release)

<Prompt Report about a Larze Earthguake>
+ Hypocenter and magnitude
- Possibility of tsunami
- Areas of strong motion
+ Histoncal eathguake actiity
<MNews Relegse >
when there is possibly serious damages)
In addition to the prompt report,
- Prospect of sftershock activity (see below)
- Chamctenstics of eathouake denved from data anabysis
- Fesults of robile okeanations
Motes: English vemions of the Pompt Peport and infommstion
on the pospect of aftershock activity 2 ot svailzble a the
website 25 of April, 2006, —

In the event of a larce earthquake, JMA anounces
the prospect of aftershocks to the public to enable
appropriate measures to be taken,

current status of aftershocks

Attershock vigilance period
Exarnple- [5% 1:8FRE2]

A week from the presant time
Expected seismic intensity of attershocks

Things to be careful of

ERELERIBETY,

< Example content of a report on the prospect of aftershock activity >

Compariscn of the quake with previous ones
Example--- [SEIOCHEOEZEESIE. BEOSH b7, D TERGEAEBELFT.]
The lavel of earthquake activity is very high comparad with praviols occUriencas.

Example-- [EEESIUMBOERS &6 ISEEL T123600, —BAEERELTLET,]
The fraquency of aftershocks will decrasse over time, but may sometimes Incressea.

Example-- [BEE658. S23 0+ TUEESREMOEN A2 EZBrRBETI2HEThYHUE T
Large earthquakes with strong shaking and & seismic intensity of S-lower or S-Upper may occur.

Exampler- [FREiZd- THRGELE G- AT, £l TREORESTHENL £ S22
EFRATIETAHNETOT, PHERL OBESE RV EREER s A s Huk

Pay attention to landslides and building collapse as a result of aftarshocks.

Flow of Information on Large Earthquakes and Tsunamis.

Warning
Ackisory Earthquake | Prospect of aftershock activity .
. - Field report
Information summary Earthquake characteristics
Newsrelease -
Large .D

Earthquake

collection of data
results of mobile

observation
results of

analysis 9
E——) ﬁu mobile observation

close analysis

additon, the Acency issues the monthly swrmary as
news releases to the public in the besinning of the
month,

JMA announces swrnary of earthquake activities
on a weekly and monthly basis, Weekly and monthly
reports are published on the JMA website, In

Regular reports (weekly monthly, news releases, catalogs)

Beginning of
next month

Latter part of

L S Oe next month

A few months later

Weekly Report News Release Monthly Report

Maonthly Beport
[Catalog)

Hypocent er
Focal mechanmism
eto.
Summary
Close analysis
Analysis Meeting on earthguake activity




Distant Earthquake Information and International

Tsunami Advisories

JMA monitors seismic activity not only around
Japan but alss worldwide, If a tsunami generated by a
distant earthquake is expected to hit the Japanese
coast and possibly cause disastrous conditions, JMA
Izsues Tenamd Wamines/ Advisories in the same way
a3 for local tsunamis, When a major earthquake
ocours somewhere tar trom Japan, the Acency issues
Distant Earthquake Information to the public,

Taunamis spread ocean-wide regardless of the
borders of countries, and can cause serlous damage in
mdtiple coastal areas, In order to protect humen life
and property against tsunami hazards, we must work
tozether with overseas related oreanizations, Within a
worldwide framework for a tsunami warning system,
countries exchange observational data and

informaton to enable earthquake/taunami detection
and measures against expected tsumamis as early as
possible, Japan has a wealth of experience and
knowledoe on tsunamis, and JMA, in such an
internatonal parmership role, playvs a major partin
contributing to tsunami disaster management
measures in other countries, When a laree earthquake
oceurs in the Sea of Japan, the northwestern Pacific
rexion or the Indian Ocean, the Arency analyzes the
related observation data and quickly provides
International Taunard Advisories to the countries in
each recion, These advisories contain mfrmation on
the earthquake and the possibility of tsunamis, and
are used in the recipient countries for the
implementation of emercency action such as
nationwide tsunami wamines and official evacuation,

Worldwide Monitoring of Seismic Activity

[ Morthest Pacific Tsunami Adwvisary

TsunamiWatch Information for
L thelndian Ocean

Japan, domestic

%, Morthwestern Padific Countries

Indian Ccean Countries

7 Earthqguake and Tsunami Monitoring

JMA collects real-time data from selsmometers,
selsmic intensity meters, pauge stations and other
instruments to monitor earthquakes and tsunamis
around the cdock, When an earthquake causes serlous

Seismometer Network

damage, the Agency dispatches the JMA Mobile
Observation Team ( JMA-MOT ) to assess the
sitnation.

When an earthquake oceurs, it is nportant to know
its location and magnitude, To achieve this, we need
to observe its waves and analyze its hypocenter and
magnitude; an mstrument used to observe earthquake
wavesis called a selsmormeter,

JMA operates a selsmic network consisting of about
200 seismometers and collects seiamic waveform data
in real time around the clock, The Agency also uses
selsmometers belonging to the National Research
Institute for Earth Science and Disaster Prevention
(MIED), and issues Earthquake Early Warnings,
Taunami Wamines 7/ Advisories and Earthquake

¥ Seismometer Network

M Netiark
£ D Network
i Univarsity Matwork, Gthers

Information.

JMA also collects and analyzes seismic data from
MIED universities and related institutes in order fo
conduct comprehensive assessment of selamic actvity
for the promeoton of research actvites in operation
with the Ministry of Education, Culture, Sports,
Soence and Technolooy (MEX T, The products of this
analyas are shared with the relevant organizations.

¥ JMA Seismic Station

Seisrmometsr snd
selsmIc Intensty
rmeter contaired In &
b

Commonication facilities
cortaired N a housing
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Seismic Intensity Network

A zelsmic intensity meter is an instrument that
measures and records the selsmic intensity of cround
moton, JMA has installed about 800 selsmic intensity
meters throughout the country, and also collects
selamic inten sty data from another 3600 statons (as

of Apr. 1, 2009 operated by local zovernments and
the MNational Research Institute for Earth Science and
Dizaster Prevention (NIED), These data are used for
Earthquake Information issued by JMA.

4 Seismic Intensity Network

W A (625
® : Local Government (2.542)
- MIED (7810

Totald, 248 Aprl 2009

¥

L f:ll':\..nl
3 G e
e

Seismic Intensity Meter

Tsunami Monitoring Network

When tsunamis are observed, JMA Issues taunami
observaton information induding observation points,
taunami heichts and expected times of arrival, The
Aoency operates about 70 tdal cauge stations and also
collects real-time sea-level data trom stations operated

by the Ports and Harbors Bureau (Ministry of Land,
Infrastructure, Transport and Tourism), the
Geozraphical Survey Institute and the Japan Coast
Guard, Currently, JMA issues tsunami informaton
using data trom sbout 110 stations,

~ 4 Acoustic Type Gauge Station

Observation systems for the Tokai Earthquake

Various kinds of instruments, including
selsmometers, strainmeters and GPS equipment, are
installed in and around the assumed foeal recion of
Tokal Earthquake (see the ficure below). The
observational data in collaboration with related
msttutes are contnuousy transmitted to JMA

Strainmeters play an important role in detecting
potential pre-slip movement that may be a precursor

to the Tokal Earthquake, They measure very minute
expansions and contractions in undercround rock, A
cvlindrical sensor is set at the bottom of a borehole
gevera hundred meters n depth. A strainmeter can
detect a relative change of one part in a billion of
crustal expansion or contraction, This is equivalent to
measuring the volume change caused by a glass
marble in a swirnming pool,

How much is one part in a billion
of relative change?

)

Strainmeter mechanism
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A strainrreter can reasue the volume
change caused by a glass marble in

a swirnrning pecl, i
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(:} Assumed Focal Begion of Tekai Earthquake

0 Seismometer

= W Volurme Strinmeter
@ Multi.c Strainmmeter
o Extensometer

=+ Tiltrneter

A Tidal station

V Ground watar

o GPS

These observations are
maintained under jomnt
cooperation eftort with the
Geographical Survey
Institute, Japan Coast
Guard, the University of
Tokyo, Magoya University,
Mational Research Institute
for Earth-Science and
Lisaster Hrevention,
Advanced Industrial
Science And Technology,
Shizuoka Prefecture and
others.
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A Data Collection and Processing System for Assured Communication

JMA monitors selsmic activity and issues
Warnines/ Advisories and information on a 24-hour
basiz, To provide these resources urgently and
precisely, JMA needs to collect various seismic data
and analyze them quickly, To this end, the Agency
operates a comprehensive system called EPQS (the
barthquake Phenomena Observation system), This is
responzible forissuing Earthquake Early Waminos,
Tsunami Warninegs/ Advisories, Earthquake
Information and Information on the Tokal Earthquake,

Warnings/Advisories and information issued by
JMA are transmitted to disaster management
authorities, local zovernments and the broad casting
media over a nationwide computer network
immediately, Disaster management authorities and
local govemments take acton to mitizate disasters
based on these resources. Such action is also
anounced to the publie through the media and the
Intemet.

Data Collection and Dissemination of infarmation
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Basic knowledge about earthquake and tsunami

Earthquakes and Shaking

Whatis an earthquake? When pecple feel the crowund
shake, they exclaim, "Tt's an earthquake!" Strictly
spealing, what they are feeling is oround metion caused
by an earthquake. As a technical term, growd motion is
used to distnmish this movement from the earthquake
itzelf

An earthquake is a destructive slip movement inside a
rock plate deep under the ground, We call the plane of
this movement a fuul! and the point at which a
destructive slip movement starts is called the

&

oo JEAN

Places near the hypocenter shake sooner than those that are farther away

Seismic waves

= Earrhquake]

fivpexenter,

Such destructive slip movements cause vibration that
propagates in every directon, Since vibration travelsin a
wave formation, its movement is called a sedsimie wense,
When the vibration reaches the ground surface, people
become aware of earthquake motion. Thus, not all places
on the surface of the ground shake at the same tme,
Locatons closer to the hypocenter shake first, while
distant aress shake later,

;\\‘I Earthquake |
.

l_ Vibration reaches
—_'

Selamiic waves can be either primary waves Pwaves)
or secondary waves (Swaves) Swaves propagate more
dowly than P-waves but have a hich amplitude and
calse damage, Powaves travel at about ¥ kmds (b 200
kmh), while S-waves move at about 4 kmes (14400

kmAh) At apoint B0 km from the hypocenter, for
example, a Powave will arrive at about 7 seconds after
the start of the quake, and an Swave will arrive at about
the 13-second point.

H S-wave Ak
114.400kmh)

=y
E};r'}g'l:l Jet airliner 280myfs(1,000kmsh)

S, shinkansen S0rs(300krh)

{approxd skm'h)

Hurman twalking) Approx.1m's
{4kmih)

\4

3 Light {radiowayes)
1 300,000k
10.800.000kmfh
P-wave Tkm's ( :
(25,200kmh)

'* Hurnan (sprinting) Approx.10m/s world-record standard)
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Catching seismic waves

Heowr can we find out where an earthquake ocours 7
Vibration propagates as a wave, 0 the farther a
point is from the hypocenterthe later the wave
arrives, As a result it we can pinpoint where
earthquake motion appears first among many
menitoring sites (3elsmometers) the hypocenter can be

Shaking e
o T Shaking ]
e
L Shaking %4 - =,
— = N, - 2
PN i || Strong Shaking
[S_trong Shaking e

- Powaveifaster, weak shaking)

S-waveslower, strong shaking)  k

assumed to near that site, In facthypocenters are
located by considering the subterranesn structure (e,
the structure of the earth’ s crust) and comparing
difterences in the appearance times of P-owaves and

S-waves.
Tirme since Earthquaks _
&
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Py wave

Seismic Intensity and Magnitude

Selsmic mtensity and magnitude are easily confised
because both have similar values, In this section, we
explain the difference between them,

Selsmic intensity describes the scale of the oround
motion at a particular location, It varies with the
distance from the epicenter and the surface geology

Poirts nesr the Poirts far from the
bub e wilklit, 4 bub are dark.

FointE rex the epicenter 4 P Foints far from the epicener
ST ENCE STOnger P i2nce |ess
shaking. shzking.

4 Image of the relation between distance from

hypocenter and Seismic Intensity

at each point. JMA' 5 selsmic intensity scale has 10
degrees [0 @mperceptible), 1, 2, 3, 4, 5lower, bupper,
G-lowrer, Gupper, 71

IMagnitude iz a numerical value that represents the
seale of a fault slip underground. Laree earthquakes
have hich macnitude,

Magnitude=Light level

Lz Light lewal

Large Magnitude experience stronger shekinghigher Seismic Ntersity)

4 Image of the relation between Magnitude
and Seismic Intensity.
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4 Summary of JMA Seismic Intensity Scale Tables

LR QM’-’.D

The volume of each ball here represents earthouake
energy. A 1-degree incease in magnitude meansa
32-fold increase inthe energy of the earthquake.

MR

¥ Magnitude and Energy of earthquake
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Principle of Earthquake Early Warnings

Earthquake Early Warnines (EEWs) are issued
slizhtly after an earthquake occurs, They are not
earthquake predictions which tell us occurrence of
earthquake in advance,

Az soon as an earthquake oceurs, the EEW system
uses selsmometers located near the epicenter to
caleulate the hypocenter, maenitude and Powave data

detected by the area that will be subjected to strong
shaking, and provides a first announcement. EEWs
are transmitted prompty. A sophistcated observation
system to detect selsmic waves quickly, technology
that enables forecasting from very weak shaking and
communication technology for prompt dissemination
are the elements that enable JMA toissue EEWs,

A seismom eter
detds e boae -

SEISI'ﬂIDI'ﬂEtEI'

] l--ni 5
e
‘rtta] tremoes) aliry] T
Tsunamis

When laree earthquakes ocour in ocean areas, the
zea floor rises or sinks. Accordinely, massive amounts
of water on the sea floor also move up or down, and
this movement spreads out in all directions in the
oceant, The resulting waves are called tsunarmis,

Tsunami waves become slower as the sea becomes
shallower, As a result, trailing waves catch up with
those ahead near the coast, and the tsunami srows
much higher, BEven it a tsunami does not seem very
hizh in offshore areas, it can tum into a big wave near
the eoast, If ywou feel an earthquake in a coastal area
or if a Tsunami Warning is issued, evacuate

[Faral e psmmenl

)

immediately to hich cround, Under no cirewmnstances
should vou o to the seashore to see the tsunami

Sarerakon of Touram|

< Sealh g =
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R W et

Topoayapeis char

¥ Mechanism of Tsunami Generation

Trailing waves catchup
with those ahead

s
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Trailing waves
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Difference between Tsunamis and Wind Waves

Unlike wind waves, tsunanis are longperiod waves
They oceur when huge amounts of seawater come
from the sea bottom to the surface, and flood coastal
areas, When tsunamis run up onto land, they wash
away many things with the foree of their waves

Tsunami

“Wavele ngth: several kmto tensof km

=)

A

Seawater moved from the sea bottomto the
surface floods onto the coast.

Method of Tsunami Warning

When they retum to the sea, strong undertows drag
driftage (such as the debris of destroved houses) into
the sea, Their destructive power is o great that
inundaton only 50 ¢m deep caused by tsunami is
capable of cansing serious danage,

Wind waves

M
Wavelength: several mto tensof m

Only sea surface water floods onto the coast.

When a laree earthquake occurs In 2 sea area, JMA
Izsues a Tsunami Wamineg/Advisory, & numerical
simulation technique is used to estimate tsunami
potental and propagation.

After an earthquake ocours, T aumarnd Warnings” Adviscries
must be izsued mmedistely to enable evacuation before
the wave strikes coastal areas,

To enable immediate issuance of Tsunami
Warnines' Advisories, JMA has conducted computer

Computerzimulations assumed earthquakes with varicus
hypoaenters and magnitudes, a nd the results were stord ona dats base.

s ' e - The msubsare stoned
L “+ 7| on adatabase.

1~ Zmin

simulation of tsunamis with earthquake scenarios
involving various locations and magnitudes, and the
resulting information on tsunami arrival mes and
heichts is stored on a database, If a laree earthquake
ocours, the operation system quickly caleulates its
hypocenter and magnitude, searches the tsunami
databaze referring to these caleulations, and selects
the closestmatching results trom the database, Using
the estimated heizht of the tsunami for each coastal
resion, [MA 1ssues 2 Toinami Waming/ Advisory,

Magritudesn

Determiration of hypocenter I
and megnitude Databas L)

The retrieved resultsare used
inthewarning messages.

L]
|zueof Ehicsey
Warnings!idvia ries By ]
a = I Tanan!
a 0 Tanaml Moy
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Why do earthquakes occur? - Plate tectonics -

Earthquakes stem from fractures between blocks of
rock under the oround that undergo fault motion.
Why do faults move? Imagine how a hard material
cracks, When an extermnal torce is applied to it bevond
alevel it can bear, it will oive way, In the same way,
forees act on rock under the ground

Why, then, do forces act on rock wnder the ground?
This iz explained by a theory called plate tectonics.

There are shell (or layer) structures inside the
earth, From the center to the outside, these are the

Distribution of Earthquakes

core (nner and outer), the mantle Jower and upper)
and the crust, Sections of erust and the upper mantle
beneath them are called plates, and ten or more of
theze cover the earth’ s surtace.

The plates float on the mantle, which moves very
slowly in line with convection inside the earth.
Aeceordinely, the plates move very slowly too, As a
result, they eollide with each other. Around the
collision area, laree forces act on the plates; these are
the torces that cause earthquakes

ubsr cors

Inner core

—Interplate and Intraplate—

The picture to the richt shows

the distribution of earthquakes
worldwide, It can clearly be seen
where earthquakes oceur and
where they do not. Many occur
near the boundaries of plates,

Howewver, they are found not
only near boundaries but also
inside the plates themselves (2.0,
Hawrail and inland China),
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Earthquakes around Japan

Arcund Japan, ocesnic plates called the Pacific Plate
and the Philippine Sea Plate subduct beneath the
continental plates (the North American FPlate and the
Burasian Plate) several centimeters annually, These
plate movements cause forces to act in various
directions around the country, which is the reason
behind the extremely high seismic activity i the area,
Around Japan, therefore, oceanic plates subduct
beneath continental plates, These continental plates
are dragzed down as a result, and strain eneroy is
accurmulated,

0|

‘‘‘‘‘‘ Distributionof eart hquakes aound Japanfram

199810 2008 (s fiom the Japan teteoobgical e
Agency)

@Shallow Underground Earthquakes

The Scutharn Hyogo Prafectura Earthquake of 1995,
Tha Mid-Niigata Prafectura Earthquake of 2004,

Tha lwate-tivagi Nairku Earthquake of 2008

When this strain exceeds a certain level, it causes
the mntnentsl plates o junp up, and tremors known
as mterplate earthquakes occur,

Conversely, tremors generated by strain torces
within a plate are called intraplate earthquakes, They
oceur in subducting plates and shallow undere round
areas of continental plates, Compared to interplate
earthquakes, intraplate earthquake cccurring in
shallow underoround areas are relatively small, but
can cause serious damage it they ocour directly below
populous areas.
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Plate Tectonics around Japan

(Dinterplate Earthquakes

Tha Nankai Earthquake, The Tenankai Earthquaks,
Tha Off-Mivag i Pref. Earthquaka of 1978,
ThaTokachi-cki Earthquaks of 2003
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Direction of movemant

Distribution of earthquakes around the World (data from the USGS)
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@Intraplate Earthquakes

Ihe Syowa Sarriku tarthquake,

Ihe Southwest Off-Kush'ro kerthquake of 1993,
T1e East Of'=Hokkaido Earthquake ol 1991
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Earthqguake Prediction

If we know when earthquakes will oceur, we can
mitizate the disasters they cause, However, it is
currently extremely difficult to predict the ocourrence
of earthquakes.

Earthquake prediction means pinpointing the
timing, location and magnitude of earthquake in

The Tokai Earthquake

advance by sclentific means, Since ancient times,
yarious phenomena have been reported as possble
precursors of earthquakes after their occurrence,
Despite this, earthquake prediction remains at the
research stage rather than being operational

The Tokai Earthquake is expected to occur in the near
future along the trench near Surea Bay, and iz
considered to be az larze 2z M&class, Laroe earthquakes
of this magnitude have ocourred histoncally every 100 -
150 years in the area from the Sumea Trough in Surugs
Bay to the trouch off Shikelo Island, and are known as
Tonankai/Mankai Harthquakes, However, when the last
Tonankal Earthquake (1944, M7.9) and Nanka

Earthquake (1946, M&0) oceurred, the crust along the
Suruea Troush did not mowve, Since the trough n resion
E of the fimire below) has remaimed motionless for more
than 150 years, the Tokal Earthquake 15 widely expected
to ocour in the near future,
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How is it possible to predict the Tokai Earthquake?

In relation to the Tokal Earthquake, a pre-slip
phenomenon (see the fioure below) is expected just
before the quake itself and observaton systems are in
place to detect this slip, 1t it actoally takes place and
1z successfully detected, JMA will issue warning

information on the Tokal Earthquake, However, there
1z a possibility that the pre-slip ecould be too slight to
be detected by the sensors so it cannot be said with
certainty that the loksl Earthquake will be predicted.

¥ Why it is thought possible to predict the Tokai Earthquake scientifically

phenomeana are precursory in nature or not.

®ltis expectad 1o be accompanied by precursory phenomena.
@ Observation systems are in place to detect these phenomena.
®There are guidelines on deciding based on the pre-slip model whether detected anomalous

Tokai Earthquake Generation Scenario

The Tokai Earthquake iz expected to ocour with
the bllowing sequence DA ccurmulation of strain (&
Deceleration of subsidence GPre-slip£0ccurrence of
Tokai Harthquake (see the fizure below),

Pre-slip iz a phenomenon where part of the
hypocentral region (the hard bonded plate boundary

in the case of the Tokal Earthquake) peels off and
begins to slip,

The key to predicting the Tokal Earthquake is the
detection of signs ot pre-alip, JM A monitors unusual
movement that may accompany pre-slip using
strainmeters to predict its ocourrence,

# Tokai Earthquake Generation and Pre-slip Scenario
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