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INTRODUCTION
The earthquake early warning (EEW) information provided by
the Japan Meteorological Agency (JMA) is designed to enable
public officials, key safety personnel, and the general public
to take advance countermeasures against the effects of earthquake strong motion. The goal of the early warning system is
UP QSPWJEF UIF NBYJNVN FYQFDUFE TFJTNJD JOUFOTJUZ BOE UIF
earliest 4-wave arrival time in each subprefectural area (about
a quarter to a third of one prefecture) before the strong motion
arrival. For the system to be effective, it is essential that JMA
publicize the principle and purpose of the warning messages,
the technical limits of EEW, and the proper actions to be taken
when a warning is received. This is particularly important given
the very short warning times (a few to a few tens of seconds) so
that EEW can be used effectively without causing unnecessary
confusion. In this article we outline the design of the EEW system in Japan and the necessary preparatory process to start providing EEW information to the general public, summarize the
performance of the system since it was launched nationwide in
0DUPCFS BOEEJTDVTTGVUVSFQSPTQFDUTGPSUIFTZTUFN

DESIGN OF THE EEW SYSTEM
The parameters that the EEW must determine are the estimated origin time, the hypocenter location, the magnitude
PG UIF FBSUIRVBLF  UIF FYQFDUFE NBYJNVN TFJTNJD JOUFOTJUZ
(in the JMA intensity scale, http://www.jma.go.jp/jma/en/
Activities/earthquake.html#S_I), and earliest arrival time (in
seconds) of the strong motion for each subprefectural area.
In Japan, seismic intensity has been recorded by instruments designed specifically for this task (called “seismic intensity meters”) since 1996. Seismic intensity meters observe seismic intensity at representative sites for the purposes of disaster
mitigation (i.e. JOUIFNJEEMFPGQPQVMBUFEBSFBT UIFEBUBUIFZ
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collect are not used for hypocenter and magnitude calculation.
4FJTNJDJOUFOTJUZJTDBMDVMBUFEGSPNUIFNBYJNVNBNQMJUVEFPG
the acceleration after a filter with (1/G৸)1/2 amplitude response
JT BQQMJFE JO UIF GSFRVFODZ SBOHF GSPN  UP  )[ +."
1996). Physically, seismic intensity is proportional to the logaSJUIN PG NBYJNVN LJOFNBUJD FOFSHZ ĔPX JOUP UIF PCTFSWBtion site per unit time. JMA has been issuing seismic intensity
SFQPSUTPOUIFNBYJNVNTFJTNJDJOUFOTJUZEJTUSJCVUJPOJOFBDI
subprefectural area within two minutes after the earthquake
occurrence when seismic intensity of 1 or over (in JMA scale)
is observed. More detailed information (seismic intensity at
each observation site) promptly follows this report. Although
these are “post-disaster” reports, they have been used as trigger information to start emergency responses such as directing
rescue resources to an area where strong motion was observed.
To integrate strong motion disaster mitigation, EEW was
developed to enable countermeasures JOBEWBODF of the strong
motion arrival. For EEW, seismic intensities are evaluated at
BCPVU TFJTNJDJOUFOTJUZNFUFSJOTUBMMBUJPOTJUFTUISPVHIout Japan. Estimation of the seismic intensity has three steps:
1) estimation of hypocenter, 2) estimation of magnitude, and
 FTUJNBUJPOPGTFJTNJDJOUFOTJUZăFUIJSETUFQJTJUTFMGDPNQPTFE PG UISFF TUFQT   FTUJNBUJPO PG UIF NBYJNVN WFMPDJUZ
amplitude on engineering bedrock (Si and Midorikawa 1999),
2) multiplication by the amplification coefficient to account
GPSUIFTVSGBDFMBZFS .BUTVPLBBOE.JEPSJLBXB BOE 
conversion from velocity to seismic intensity (Midorikawa FU
BM 1999).
The hypocenter is the starting point of the rupture and is
đYFEBUUIFUJNFUIFSVQUVSFTUBSUT8IFUIFSUIFđOBMTJ[FPG
the earthquake, i.e., the magnitude, is predictable at the starting time of the rupture is controversial (e.g., Iio FU BM 
Nakatani FUBM.PSJBOE,BOBNPSJ 'VSUIFSNPSF 
a method that is applicable in the real-time processing environment to forecast the final size of the earthquake so that seismic
intensity can be estimated to a socially acceptable precision has
not been developed. Therefore, JMA does not “forecast” the
final size of the earthquake by using the onset part of the seismic waveform. Instead, the growth of the rupture is monitored
VTJOH UIF NBYJNVN BNQMJUVEF JO SFBM UJNF 5P QSPWJEF UIF
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! Figure 1. Seismic station distribution used for EEW.Square denotes a station operated by JMA (about 200), and triangle denotes
station operated by NIED (Hi-net, about 800).

fastest possible magnitude estimation, JMA developed a scaling relation between the amplitude of the P phase and magnitude and between the amplitude of the 4 phase and magnitude. The magnitude-estimation algorithm switches from the
P to the 4GPSNVMBBUUIFUJNFPGUIFFYQFDUFE4-phase arrival
,BNJHBJDIJ 
To minimize the time necessary to estimate the location
of the hypocenter, JMA, in cooperation with the Railway
Technical Research Institute, has developed a method to
estimate epicentral distance and azimuth using the first two
seconds of waveform data (Odaka FUBM5TVLBEBFUBM
  ăJT JT QBSUJDVMBSMZ JNQPSUBOU GPS FWFOUT PVUTJEF UIF
seismic network. JMA also uses several methods for hypocenter location, each optimized to the number of stations availBCMF ,BNJHBJDIJ 5PJNQSPWFUIFBDDVSBDZ UIFiOPUZFU
arrived” method developed by the National Research Institute

for Earth Science and Disaster Prevention (NIED) is also
incorporated (Horiuchi FUBM/BLBNVSBFUBM 2009).
This method makes use of observations that some stations have
not yet triggered. In total, about 1,000 seismic stations are used
for hypocenter and magnitude calculation for EEW service
(Figure 1), 200 installed by JMA originally for tsunami warnJOHBOEFBSUIRVBLFJOGPSNBUJPOTFSWJDFTBOEJOTUBMMFECZ
NIED originally for research purposes. EEW service was realJ[FE CZ GVMMZ VUJMJ[JOH QSFFYJTUJOH TFJTNPMPHJDBM GBDJMJUJFT JO
Japan.
All EEW systems have a trade-off between speed and
accuracy. JMA therefore issues several EEW messages during
the course of one earthquake, improving the accuracy of the
warning as the amount of available data increases. This allows
for both promptness of the first issuance and also accuracy. An
JOEFYSFQSFTFOUJOHUIFBDDVSBDZPGIZQPDFOUFSEFUFSNJOBUJPO
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is also included in the EEW message to help users choose the
optimal time to act depending on what action is planned. The
initial warning is issued when the estimated seismic intensity
PS NBHOJUVEF FYDFFET B UISFTIPME BU QSFTFOU   GPS TFJTNJD
JOUFOTJUZPOUIF+."TDBMFBOEGPSNBHOJUVEF BOEXIFO
updated hypocenter parameters or seismic intensity estimations give significant changes from the previous ones, then the
EEWs are updated. If no other station is triggered in a pre-set
time after the initial warning is issued using the first triggered
TUBUJPO EBUB  B iDBODFM SFQPSUu JT JTTVFE ,BNJHBJDIJ 
Hoshiba FUBM 
The concept of onsite warning is also incorporated. When
UIF PCTFSWFE BDDFMFSBUJPO BNQMJUVEF FYDFFET  DNTFD2 , an
initial warning is issued before the first hypocenter calculation
is completed. This threshold is roughly equivalent to the JMA’s
TFJTNJDJOUFOTJUZTDBMFMPXFS XIJDIDPSSFTQPOETUPUIFNJOJmum strong motion that will cause damage to buildings.
$PNQVUFSJ[FE XBSOJOH SFTQPOTF TZTUFNT DBO VUJMJ[F B
stream of updated information for automatic control. But,
when these warnings are transmitted to the general public, it is
impossible to respond properly, and moreover, it is impossible
to transmit all of the EEW message contents by characters and
voice. So, the content and issuance criteria of EEW had to be
carefully designed if it was going to be provided to the general
public.

PREPARATORY PROCESS TO PROVIDE EEW TO
THE GENERAL PUBLIC
Two-step Process
On 1 August 2006, JMA started to provide EEW bulletins to
a limited number of users who understood the technical limitations of the EEW system (i.e. UIFSFFYJTUTBOFBSFQJDFOUSBMBSFB
where EEW cannot be provided in a timely manner, seismic
intensity estimation has an error of about ±1 in JMA scale, etc.)
and could utilize it effectively, such as for automatic control of
equipment. At that time EEW was not well known to the general public, so JMA began an educational campaign to publicize
the EEW concept and the appropriate actions to be taken upon
receipt of an EEW message. JMA made leaflets illustrating the
proper response to an EEW alert in various situations (http://
www.jma.go.jp/jma/en/Activities/eew.html). JMA also disUSJCVUFEWJEFPTFYQMBJOJOHUIFUFDIOJDBMQSJODJQMFTBOEQSPQFS
response and made posters, held seminars, and posted relevant
information on EEW on its Web page (http://www.jma.go.jp/).
After confirming that the proportion of people who understand
EEW had increased significantly by means of these public relations activities, JMA started to provide EEW messages to the
HFOFSBMQVCMJDPOUIF0DUPCFS )PTIJCBFUBM 
Content and Criteria for Issuing EEW Alarms to the
General Public
JMA determined that issuing multiple EEW messages to the
general public for one event, i.e., issuing updates, was not feasible, and that an EEW 1) should basically be issued only once, at
the optimum time, to avoid false alarms while maintaining as

much warning time as possible and minimizing the number of
revised warning messages to as few as possible, and 2) should be
JTTVFEPOMZXIFOBOEXIFSFSFBMMZTUSPOHNPUJPOJTFYQFDUFE
As a result, a warning is only issued to the general public when
UIF NBYJNVN TFJTNJD JOUFOTJUZ JT FYQFDUFE UP CF MPXFS
PO UIF +." TDBMF FRVJWBMFOU UP 7**m7*** PO UIF .PEJđFE
Mercalli Intensity [MMI] scale) or above and the event has
been detected by more than one station. A revised warning is
JTTVFEXIFOUIFNBYJNVNTFJTNJDJOUFOTJUZJTBOUJDJQBUFEUPCF
FRVBMUPMPXFSPSBCPWFJOBTVCQSFGFDUVSBMBSFBXIFSFJUXBT
BOUJDJQBUFEUPCFPSMFTTJOUIFđSTUJTTVBODF
The EEW message for the general public includes the origin time, epicentral region name, and names of subprefectural
BSFBT XIFSF TFJTNJD JOUFOTJUZ  PS PWFS JT FYQFDUFE &YQFDUFE
arrival time is not included because it differs substantially even
in one subprefectural area.

METEOROLOGICAL SERVICE LAW AMENDMENT
In Japan, not only meteorological but also seismological, volcanological, and oceanographical observation and information provision services for public use are prescribed in the
.FUFPSPMPHJDBM4FSWJDF-BX*OBEEJUJPOUPUIFQVCMJDSFMBUJPOT
activities described in the Two-step Process section, JMA also
BNFOEFE UIF .FUFPSPMPHJDBM 4FSWJDF -BX UP   DMFBSMZ EFđOF
the issuance and transmission responsibilities of JMA and other
relevant organizations to secure prompt transmission of EEW
messages to the public, and to 2) establish a technical standard
that any warning service providers must satisfy when they
JTTVFXBSOJOHTPGFYQFDUFETFJTNJDJOUFOTJUZBOEBSSJWBMUJNFPG
strong motions to individual houses and buildings. In Japan,
QSPWJTJPOPGFYQFDUFETFJTNJDJOUFOTJUZBOE4-wave arrival time
for a specific site is regarded as beyond the duty of the national
agency and should be done by other warning service providers.
The technical standard requires that 1) hypocentral parameters (origin time, location, and magnitude) contained in the
EEW message issued by JMA must be used, and 2) the seismic
intensity and arrival time estimation method used by the service provider must give values within certain deviations from
those given by JMA’s method. When amplification coefficients
of the surface layer are used that are different from JMA’s, their
technical adequacy must be demonstrated. A method that gives
a smaller estimation residual than JMA’s is also permitted.
The purpose of this technical standard requirement is not
to prohibit use of a superior methodology, but to avoid a lowquality service being provided to the public. Also, this technical standard does not apply to onsite warnings based on P-wave
sensors at a location. The amended law came into force on the
%FDFNCFS

EEW TRANSMISSION AND UTILIZATION
To ensure the effectiveness of EEW for disaster mitigation, it
is very important to establish multiple transmission routes for
the prompt delivery of warning information to individuals.
Television and radio are currently the main routes.
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/), +BQBO #SPBEDBTUJOH $PSQPSBUJPO  JT EFTJHOBUFE
CZ UIF .FUFPSPMPHJDBM 4FSWJDF -BX BT UIF PSHBOJ[BUJPO UIBU
must broadcast EEW alerts. It broadcasts EEW alerts on all
of its nine service channels (analog/digital TV and radio). As
PG4FQUFNCFS UFMFWJTJPODPNQBOJFT PVUPG 
".SBEJPDPNQBOJFT PVUPG BOE'.SBEJPDPNQBOJFT
PVUPG CSPBEDBTU&&8NFTTBHFTUPUIFHFOFSBMQVCMJDJO
Japan (in addition to NHK).
The multihazard J-Alert system operated by the Fire
and Disaster Management Agency, which uses rapid satellite communication, is another important route to announce
EEW messages to the general public through a municipal loud
speaker system. As of March 2009, 226 municipalities (out of
  IBWFJOTUBMMFE+"MFSUSFDFJWFST CVUPOMZIBWFTUBSUFE
to announce EEW through the loud speaker system.
Two cellular phone companies have started to transmit
EEW messages without an additional fee. As of January 2009,
the number of the cellular phones in Japan that can receive
EEW is 21 million. An additional cellular phone company is
developing a similar system.
For automatic control users or for announcement to a
specific place (i.e., railway companies, elevator control, factoSJFT  DPOTUSVDUJPO TJUFT  BQBSUNFOU DPNQMFYFT  TDIPPMT  TIPQping malls, hospitals, etc.), a variety of receivers have been
developed to receive EEW messages through the Internet or
dedicated lines. These EEW messages are provided not only by
JMA, but also by other warning service providers. As of March
 XBSOJOHTFSWJDFQSPWJEFSTIBWFHPUUFODFSUJđDBUFTPG
+."TUFDIOJDBMTUBOEBSE BOEBTPG%FDFNCFS BUPUBMPG
126,000 EEW receivers have been sold or are in stores.
Train control is one of the most typical utilizations of
&&8JO+BQBO"TPG.BSDI SBJMXBZDPNQBOJFT PVU
PG IBWFTUBSUFEUPVUJMJ[F&&84PNFDPNQBOJFTBSFVTJOH
EEW in combination with independently developed onsite
warning systems. Some are using EEW not only for train control, but also to make announcements in the station buildings.
JMA is working closely with the organizations developing
and implementing these systems.

SYSTEM PERFORMANCE
Table 1 shows the earthquakes for which an EEW alarm for the
HFOFSBMQVCMJDXBTJTTVFEBOEPSBNBYJNVNTFJTNJDJOUFOTJUZ
+." TDBMF  PG MPXFS PS BCPWF XBT PCTFSWFE GSPN 0DUPCFS
UP.BSDI*OUIJTQFSJPE UIFSFXFSFUXPVOEFSFTUJmated alarms, i.e. UXPFWFOUT OPTBOE GPSXIJDIBO&&8
alert for the general public was not issued but seismic intensity
MPXFSXBTPCTFSWFE BOEUISFFPWFSFTUJNBUFEBMBSNT OPT  
and 11), i.e., events for which an EEW alert for the general pubMJDXBTJTTVFECVUUIFNBYJNVNTFJTNJDJOUFOTJUZXBTPOMZ
The .jma ,BUTVNBUB FBSUIRVBLFPDDVSSFEPO
 +VOF  +BQBOFTF 4UBOEBSE 5JNF  JO *XBUF 1SFGFDUVSF
5BCMF FWFOUOP ăFNBYJNVNTFJTNJDJOUFOTJUZPCTFSWFE
XBTVQQFS BOEUIJT FWFOU DBVTFE  EFBE BOE NJTTJOH QFSsons, which was the worst in this period. Figure 2(A) and Table
2 show the time histories of epicenter, depth, magnitude, and

NBYJNVN TFJTNJD JOUFOTJUZ FTUJNBUJPO EVSJOH UIF NVMUJQMF
JTTVBODFT'JHVSF #  MFĕ TIPXTPCTFSWFENBYJNVNTFJTNJD
intensity for each subprefectural area. Seismic intensity on
UIF +." TDBMF PG VQQFS  MPXFS  BOE VQQFS DPSSFTQPOE 
BQQSPYJNBUFMZ UPJOUFOTJUJFTPG7***m*9 *9m9 BOE9m9*PO
the MMI scale, respectively. JMA provided an EEW message
UPUIFHFOFSBMQVCMJDTFDPOETBĕFSUIFđSTUEFUFDUJPOPGUIF
TFJTNJDXBWF'JHVSF #  NJEEMF TIPXTUIFTQBUJBMFYUFOUPG
UIF TVCQSFGFDUVSBM BSFB XIFSF TFJTNJD JOUFOTJUZ  PS PWFS XBT
FYQFDUFE TIBEFE BSFB  ăF DPODFOUSJD DJSDMFT XJUI OVNFSals denote the available warning time, i.e., the time available
for taking action. The warning time is the number of seconds
from issuance of the alert to the theoretical 4-wave arrival. For
this event, a revised EEW bulletin for the general public was
JTTVFETFDPOETBĕFSUIFđSTUEFUFDUJPOPGUIFTFJTNJDXBWF
'JHVSF#SJHIU ăFTQBUJBMFYUFOUTPGUIFBSFBTXIFSFTFJTNJDJOUFOTJUZPSHSFBUFSXFSFPCTFSWFEBOEFTUJNBUFEBSFWFSZ
similar. Although the 4XBWFIBEBMSFBEZQSPQBHBUFEBCPVU
km from the epicenter at the time of the first EEW issuance to
the general public (corresponds to the circle with numeral “0”),
JUXBTJOUJNFGPSPUIFSBSFBTXIFSFTFJTNJDJOUFOTJUZMPXFSPS
greater were observed. This earthquake demonstrated that even
for an inland event, there are areas where EEW can be utilized
when the event is large. It was also the case for the NiigataLFO $IVFUTVPLJ FBSUIRVBLF .jma   PO  +VMZ  "U
Iizuna-town in Nagano Prefecture, which is about 90 km from
the epicenter, seismic intensity 6-upper was observed and an
EEW alert to meet the issuance criteria for the general public
was issued 16 seconds before the theoretical S-wave arrival (it
was before the commencement of EEW provision to the general public, and EEW messages were transmitted to the limited
number of users only).
In this earthquake an electronics company in Miyagi
Prefecture stopped supplying chemicals in the factory 12 seconds prior to a strong ground motion, and infants at a nursery in Fukushima Prefecture took action to move to the preBTTJHOFETBGFUZ[POFJOUIFSPPNTFDPOETCFGPSFUIFTUSPOH
motion arrival. Other utilizations in this event were announceNFOUTJOGBDUPSJFT PċDFT TDIPPMT BOETIPQQJOHQMBDFTFMFWBtor control, and manual deceleration of the vehicle.
'JHVSFT " BOE # BOE5BCMFTIPXUIFFYBNQMFPGBO
earthquake off the coast of Tokachi (.jma PO4FQUFNCFS
 FWFOUOP +."JTTVFEBO&&8NFTTBHFUPUIFHFOFSBMQVCMJDTFDPOETBĕFSEFUFDUJPOPGUIFđSTUTFJTNJDXBWF
ăFPCTFSWFEBOEFTUJNBUFEBSFBFYQFSJFODJOHTFJTNJDJOUFOTJUZ
PSHSFBUFS 'JHVSF#MFĕBOESJHIUSFTQFDUJWFMZ TIPXHPPE
agreement, and the EEW message was prior to the theoretical 4-wave arrival everywhere in Japan. The 16 August 2006
earthquake off the coast of Miyagi Prefecture (.jma  BMTP
had a successful issuance of a warning before the 4-wave arrival
onshore. These events illustrate the effectiveness of EEW for
earthquakes in the subduction zone.
ăFSF XFSF UXP DBTFT 5BCMF   FWFOUT OPT  BOE   GPS
XIJDI JU UPPL NPSF UIBO  TFDPOET UP JTTVF UIF &&8 NFTsage to the general public, and it was after the 4-wave passage in
the relevant area. In both cases this was due to the slow growth
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26/1/08 4:33
28/4/08 2:32
8/5/08 1:45
14/6/08 8:43

14/6/08 9:20
14/6/08 12:27
5/7/08 16:49
8/7/08 16:42
24/7/08 0:26
11/9/08 9:20
22/11/08 0:44

1
2
3
4

5
6
7
8
9
10
11

Event Origin Time
#
(JST)

38° 53.18’
39° 08.48’
36° 38.56’
27° 27.90’
39° 43.92’
41° 46.53’
43° 07.58’

37° 19.13’
24° 51.65’
36° 13.69’
39° 01.79’

Latitude
(North)

140° 40.38’
140° 56.41’
140° 57.12’
128° 32.83’
141° 38.12’
144° 09.09’
140° 50.30’

136° 46.40’
125° 04.56’
141° 36.46’
140° 52.84’

Longitude
(East)

7
10
50
45
108
31
46

11
32
51
8

Depth
(km)

5.7
5.2
5.2
6.1
6.8
7.1
5.2

4.8
5.2
7.0
7.2

Mjma

5 lower
4
5 lower
5 lower
6 lower
5 lower
4

5 lower
4
5 lower
6 upper

Observed
Maximum
Seismic
Intensity (JMA
scale)

5 lower
5 lower
4
5 lower
5 lower
5 upper
5 lower

4
5 lower
5 lower
6 upper

Estimated
Maximum
Seismic
Intensity (JMA
scale)

3.6
3.8
4.2
4.8
4.1
7.8
3.6

5.4
4.6
9.3
3.5

Lapse Time
for Initial EEW
(sec)

8.4
51.4
13.9
20.8
9.7
10.7

10.6
58.3
4.5

Revised EEW for general
public was issued in 22.4sec
aftershock of #4
aftershock of #4

Lapse Time
for EEW for
General Public
(sec)
Note

TABLE 1
Event list for which an EEW for the general public was issued and/or observed maximum seismic intensity (JMA scale) was 5-lower or over in the period from
1 October 2007 to 31 March 2009. Latitude, longitude, depth, and magnitude (Mjma ) values are those determined by the detailed routine analysis by JMA. Lapse
time is measured from the first detection of the seismic wave by the station used for EEW service.

(A)

#310
#2

#1

(B)

Observed

1st Warning

2nd Warning

4

(Figure.2

5U
6U
5L
5U
4
5L

! Figure 2. (A) Time history of estimated epicenter location in each issuance of EEW for the Iwate-Miyagi Nairiku earthquake of 14
June 2008. Dark gray rectangle in the wide area map in the left-bottom corner denotes the map area of the figure. Cross mark and
numeral in the box represent the estimated epicenter location and the issuance number in Table 2, respectively. The star denotes
the final epicenter determined by the detailed routine analysis of JMA. (B) Observed maximum seismic intensity (JMA scale) in each
subprefectural area (left), spatial extent of the subprefectural area in which maximum seismic intensity is expected to be 4 or over
in the first EEW (middle) and revised (right) EEW for the general public. Star denotes the final epicenter (same as in Figure 2A). U and
L = upper and lower, respectively. Concentric circles with numerals in the middle and right figures denote contour curves of available
time, in seconds, for taking action.
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(Figure.2(b))

TABLE 2
Time history of latitude, longitude, depth, magnitude, and maximum seismic intensity (JMA scale) estimation in each
issuance of EEW for the Iwate-Miyagi Nairiku earthquake on 14 June 2008. Gray row corresponds to EEW issued for the
general public

Issuance #

Lapse Time
after the First
Seismic Wave
Detection (sec)

Estimated Lat.
(Deg:N)

1
2
3
4
5
6
7
8
9
10

3.5
4.5
5.4
6.1
8.4
11.4
22.4
30.4
51.4
62.9

38.9
39.1
39.0
39.0
39.0
39.0
39.0
39.0
39.0
39.0

Estimated Lon. Estimated Depth
(Deg:E)
(km)
141.1
141.0
140.9
140.9
140.9
140.9
140.9
140.9
140.9
140.9

of the magnitude. JMA was criticized for poor performance
in these events and is currently working to improve its performance. One possible way to prevent such a delayed issuance is
UPTUPQJTTVBODFJGUIFQSFTFOUUJNFJTMBUFSUIBOFYQFDUFE4-wave
arrival times in all subprefectural areas where seismic intensity
MPXFSPSPWFSXBTFYQFDUFE5PKVEHFUIJT XFOFFEUPSFMZPO
the estimated origin time of the event. But, the present EEW
algorithm is incapable of separating two events that are very
close in time and space, while even for foreshock-mainshock
sequence, JMA needs to issue EEW for damaging mainshock.
Therefore, stopping the issuance by judging that the 4wave
has passed the area relying on the estimated origin time of the
foreshock might cause a missed alarm for the damaging mainshock. An event with slow magnitude growth is equivalent to
the gradual shift from foreshock to mainshock. JMA therefore
needs to consider improvements.

ONGOING SYSTEM DEVELOPMENT AND
IMPLEMENTATION
Promotion of EEW Use
The ultimate decision about whether to use EEW in public
facilities lies with the facility manager. To assist such managers, JMA has developed documentation introducing EEW and
providing suggested guidelines on the use of EEW in public
QMBDFTăFTFJODMVEFBOFYBNQMFPGBOPQFSBUJPOTNBOVBMBOE
CFTUQSBDUJDFTGPSDPOEVDUJOHFYFSDJTFTăFTFBSFBMMBWBJMBCMF
on JMA’s Web page (only in Japanese). In addition, JMA personnel actively participate in meetings and discussions of how
information can and should be used in public facilities. JMA is
collecting “best practices” of EEW utilization in cases of EEW
dissemination to the general public, because publicizing these
is an effective way to promote EEW utilization.

Estimated
Magnitude

10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0

5.7
6.1
6.2
6.3
6.7
6.7
6.9
7.0
7.0
7.0

Estimated
Maximum
Seismic
Intensity
5lower
5upper
5upper
5upper
6upper
6upper
6upper
6upper
6upper
6upper

Improving the Methodology
3FEVDUJPOPG'BMTF8BSOJOH
0VUPG &&8TJTTVFEJOBCPVUUISFFZFBSTCFGPSFUIFTUBSU
PG UIF QVCMJD TFSWJDF  +." JTTVFE  GBMTF XBSOJOHT " iGBMTF
warning” is defined as any EEW for which a cancel report (see
the section “Design of the EEW System”) is issued. All of these
 GBMTF XBSOJOHT XFSF USJHHFSFE BU POMZ POF TUBUJPO #Z EFđnition, it includes an EEW warning for a real earthquake triggered at only one station. Many of these false warnings were due
to human error or initial defects/problems with instruments,
XIJDI IBWF TJODF CFFO đYFE 4UJMM  UIFSF FYJTUT B QPTTJCJMJUZ PG
false warning due to a lightning strike near a station, and JMA
is developing appropriate countermeasures. Since JMA began
providing warnings to a limited number of users in August
2006, nine false warnings were issued as of the end of March
2009. The issuance criteria for the general public is higher in
that signals must be detected at more than one station. As a
result, no false warning has been issued to the general public.
*NQSPWFNFOUPG4FJTNJD*OUFOTJUZ&TUJNBUJPO
JMA has been working on improving the accuracy of the seismic intensity estimation. When the most recent methodolPHZ JNQMFNFOUFEJO0DUPCFS JTBQQMJFEUPFWFOUTGSPN
'FCSVBSZUP.BSDIUIBUNFFUUIFDSJUFSJBGPSHFOFSBMQVCMJDXBSOJOHBOEPSUIFPCTFSWFEJOUFOTJUZXBTMPXFS
PSNPSF PVUPGUIFTVCQSFGFDUVSBMBSFBTXIFSFUIFFYQFDUFE
PSPCTFSWFETFJTNJDJOUFOTJUZXBTPSBCPWF IBWFUIFTBNF
NBYJNVN TFJTNJD JOUFOTJUZ BT PCTFSWFE BOE  GBMM XJUIJO
±1 on the JMA’s seismic intensity scale.
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(A)

#14
#5
#6

#915

#78

(B)

Observed

Warning

(Figure.3(a))
4
4

5L

4

! Figure 3. (A) Time history of estimated epicenter location in each issuance of EEW for the offshore Tokachi coast earthquake on 11
September 2008. Dark gray rectangle in the wide area map in the left-bottom corner denotes the map area of the figure. Cross marks
and numerals in the boxes represent the estimated epicenter locations and the issuance numbers in Table 3, respectively. The star
(Figure.3(b))
denotes the final epicenter determined by the detailed routine analysis of JMA. (B) Observed maximum seismic
intensity (JMA scale)
in each subprefectural area (left); spatial extent of the subprefectural area in which maximum seismic intensity is expected to be 4
or over in the EEW for the general public (right). Star denotes the final epicenter (same as in Figure 3A). U and L = upper and lower,
respectively. Concentric circles with numerals in the right figure denote contour curves of available time, in seconds, for taking action.
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TABLE 3
Same as Table 2 for the Offshore Tokachi Coast Earthquake on 11 September 2008.

Issuance #
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Lapse Time
after the First
Seismic Wave
Detection (sec)

Estimated Lat.
(deg:N)

7.8
8.7
9.7
11.3
12.2
12.8
18.2
22.6
30.3
31.5
35.3
56.3
77.3
98.4
107.3

42.1
42.1
42.1
42.1
41.8
41.9
41.9
41.9
41.7
41.7
41.7
41.7
41.7
41.7
41.7

Estimated Lon. Estimated Depth
(deg:E)
(km)
143.7
143.7
143.7
143.7
144.3
144.0
144.1
144.1
144.3
144.3
144.3
144.3
144.3
144.3
144.3

FUTURE PLANNED DEVELOPMENT
Rapid Estimation of the Spatial Extent of Rupture
The regression formula currently used for the estimation of
NBYJNVNWFMPDJUZBNQMJUVEFSFRVJSFTUIFNJOJNVNEJTUBODF
to the fault surface (Si and Midorikawa 1999). The warning
system uses the distance from a hypothetical sphere centered
at the hypocenter and with a radius given by a scaling law
between magnitude and typical fault length (Utsu FUBM 2001).
This is because it is difficult to estimate fault geometry and spaUJBMFYUFOUJOBQSPNQUNBOOFS+."QMBOTUPJNQSPWFUIFTZTUFNCZSBQJEMZFTUJNBUJOHUIFGBVMUHFPNFUSZBOEFYUFOU e.g.,
Yamada FUBM:BNBNPUPFUBM UIFSFCZJNQSPWJOH
the accuracy of the seismic intensity estimation.
Reduction of the Area in Which EEW Cannot Be Provided
in a Timely Manner
In order to reduce the size of the region close to the epicenter
where strong motion occurs before a warning is received, JMA
is increasing the number of available strong motion instruments. In addition, improvement of the onsite warning algorithm (e.g. 8VBOE,BOBNPSJ XPVMECFIFMQGVM
Incorporation of Three-dimensional Tectonic Structure
ăFQSFTFOUNBYJNVNWFMPDJUZBNQMJUVEFFTUJNBUJPOGPSNVMB
(Si and Midorikawa 1999) is for the averaged attenuation
structure and stress drop amount in and around Japan. Due
UP WFSZ DPNQMJDBUFE DSVTUBM TUSVDUVSF BOEPS UIF FYJTUFODF PG
the subducting plate, seismic intensity distribution can change
for the same magnitude events depending on the region and
whether the earthquake is an inter- or an intra-plate event. To

10.0
10.0
10.0
10.0
30.0
90.0
50.0
10.0
10.0
50.0
50.0
50.0
50.0
50.0
50.0

Estimated
Magnitude

Estimated
Maximum
Seismic
Intensity

5.7
6.1
6.5
6.4
7.0
6.9
7.2
7.2
7.3
7.5
7.5
7.4
7.4
7.4
7.4

4
4
5lower
5lower
4
5lower
5lower
5lower
5lower
5upper
5upper
5lower
5lower
5lower
5lower

improve seismic intensity estimation accuracy, it is necessary to
JODPSQPSBUFUISFFEJNFOTJPOBMTUSVDUVSF ,BOEB8VFU
BM 2006).
Application for Different Frequency Bands
Seismic intensity estimated in EEW represents the ground
NPUJPOTUSFOHUIJOUIFUP)[GSFRVFODZCBOEăFFYJTtence of high-rise buildings, which are affected by very long
period oscillation that cannot be covered by the present seismic
intensity estimation, is increasing. To predict damages to such
huge structures, it will be necessary to incorporate the longperiod ground-motion estimation method (Kubo FUBM
Yamamoto and Horiuchi 2009).

CONCLUSIONS
1. JMA’s Earthquake Early Warning (EEW) system is
designed to enable public officials, key safety personnel
and the general public to take advance countermeasures
against the strong motion effects caused by earthquakes
by providing estimated seismic intensity (JMA scale)
and arrival time of the strong motion before it arrives.
$POTJEFSJOH UIF JOFWJUBCMF USBEFPĈ CFUXFFO TQFFE BOE
accuracy and the variety of requirements depending on
what actions are planned, EEW messages are issued several
times during the course of one earthquake.
2. To make EEW effective not only for the users for automatic
control but also for the general public, JMA conducted a
nationwide campaign to publicize the purpose and technical nature of EEW and proper responses when it is received.
JMA also determined the message contents and issuance
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criteria of EEW alerts to the general public. After these
steps, JMA started to provide EEW alerts for the general
QVCMJDPO0DUPCFS *OBEEJUJPO +."EFUFSNJOFE
technical standards that third-party warning service proWJEFSTNVTUTBUJTGZJGUIFZBSFHPJOHUPJTTVFFYQFDUFETFJTmic intensities and arrival times at specific sites.
 To ensure EEW’s effectiveness in disaster mitigation, JMA
is working with relevant organizations to establish multiple transmission routes for the prompt delivery of warnJOHJOGPSNBUJPOUPJOEJWJEVBMT$VSSFOUMZ 57BOESBEJP
are the main routes. In addition, cellular phones that can
receive EEW messages, receivers designed specifically for
EEW that get their information through the Internet or
via dedicated lines, and loud speaker systems connected to
the rapid satellite communication system are being developed and implemented.
 ăF *XBUF.JZBHJ /BJSJLV FBSUIRVBLF PO  +VOF 
(.jma UIFTFWFSFTUFBSUIRVBLFEJTBTUFSBĕFSUIFDPNmencement of EEW provision to the general public,
revealed the inherent technical limitations of EEW in
that warnings cannot be provided in a timely manner in
the near-epicentral area. At the same time, it demonstrated
that even for an inland event, there are areas where EEW
can be utilized if the earthquake is large enough. The offTIPSF 5PLBDIJ DPBTU FBSUIRVBLF PO  4FQUFNCFS 
(.jma EFNPOTUSBUFEUIFFĈFDUJWFOFTTPG&&8GPSTVCduction events.
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