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Time series analysis for real time seismic intensity
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ABSTRACT

Seismic intensity on the JMA intensity scale is calculated from an acceleration record of one minute duration. We

obtained now a regression expression for real time seismic intensity, using acceleration and filtered veloéity, as [ =1.0528 +

1.4578 log A+ 0.45521 log V + 1.6089 log 6,

where I = seismic intensity; A = acceleration; V = velocity; 8 = frequency-dependant correction used for seismic intensity.

Using this formula, real time seismic intensity can be obtained for every 0.1s interval.

1. [FEoic
BEOHMHIE, MEET— 5 ICHET—) TEHR -

TANE - T—) THEERETY, 3SROER

E OGO B E AT 03 B ERBRIBICETNTL

5 (FRSERKFTERE4AST). R AT, Blilc

w2 kfEiE THEBB L THEHE) 53
M ERTOBEIBTDERTIT 60 BRIZHRE
L, Zh EBESHE HEIL, S 51RO 60 B/
WEET->TWVWS., DFED, RROBEOEHIZIT,
BRIE 1 MG ETHS. iz, 60 M2 DOMBEN
BFENTVREAITIL, 2DO0HBEHZHETHET
5%, FNCENTNOHER L D EMLOBERSK
IZR3BENH 5.

RREZ, UTNIA LMSENERT, HDOEERN
REREAHINTWABELRZDOMERD I EMNT
ERVWIRFLAZBDTHS. UTNFA LITENY
1227 TREEHSWEEICRIE, FIAES AT A
BT BEENRT =Y DNy I 7 v TREDNIY

—ICHAT B2 E, BEOHMMIMAIAE X 2 ettt

HBEEZLNS.
BARRHERIE, BEE T 5 hnEEE & s

EnbitRic LUk o BEE, ThohsKkD
SNBNTA—FEEZHAEREL, 502G

HDEMNS, BEBEMNKRDONDEHN, THD. Ihbd
DERBEHEERBIC, BFOBERHR 2L 0EN
BRIEICEAT S S bEASNBM BAOFRT
BECEHT 2720101, »5RENMIEZET S,

1 AROBEIRIC X ABESIIFEL GHUBE 0.1
LAO) BEERHT DI, KBE, K58

DF—IBPBETHD. DAL ETIE, 60 R
ENRELA-BEELBICIIFEINVEEEEE SN S

@), CNEDMIMBEEL T H T LI,

ARETIE, 1996 ELIEBRAIZT> TERZ 95 HE
Eitr—4 (KET, 2005) 2EICHWT, BFE,
HE, HESOBFRELOEEDBHELEDIZ, UYL
&A1 LB OBAMHBEIRBFEZNS DIMTo 2.

2. H&
BEISYBEROBFREZALMITSED, £71
HIEENIC BT D EE & YR OB KM O E IR 7B
HEHD, ZORED, 3Hi~41 HE TR, —EOH
BEICBT2RELZ |, RAMEE (3RIEHKME,
UTRL) #A BKRKEEEV, BREME D, &
W BT BINEE L EEOROBAE P LT
COMEEDEIT, 441 HiTHES N ERROME.
BHEERE. ANRE. ERXOERGEEZRN L

* it 88 o L1 BB 1 B8 1 8 B4 45 38 Earthquake and Tsunami Observations Division, Seismological and Volcanological Department -

- 155—



BREREBEOEREI~45

Number

1500

1200 |-

900

600

300

-0.3 -0.2 -0.1 0.0

+0.1 +0.2 +0.3

| (one minute window) - | (5 seconds window)

Figure.1 Histogram of seismic intensity difference of time window

The figure shows the seismic intensity differences between calculated with one minute window and
5 second one, using 5,614 data. The most of data concentrates within +0.1. '
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Figure.2 Relationships of seismic intensity with acceleration, velocity,

maximum product of acceleration and velocity, and displacement
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Table.1 Regression of seismic intensity from peak acceleration (A), peak velocity (V), and peak of product between

acceleration and velocity (P), peak displacement (D) and frequency correction coefficient (6, 6°)

Eqation Regression o AlC AIC-AICy;i,
1 | =0.78820 + 1.6121 log A 0. 311 462.25 | 1240.29
2 |t =0.68300 + 1.9132 log A + 2.4207 log 8 0.158 | -767.20 10. 84
3 |1 =2.6039 +1.7522 log V 0.198 | -361.06 | 416.98
4 |1 =2.2699 + 1.8830 log V - 0.96156 log 6 0.167 | -659.34 | 118.70
5 |t =1.5104 + 0.95562 log P 0.179 | -541.95 | 236.09
6 [l =1.6646 + 0.94982 log P + 0.62108 log 6 0.164 | -703.08 74.97
7 |l =1.7585 + 0.58412log A + 1.3202 log V 0.162 | -732.82 45. 23
8 |1 =1.0528 + 1.4578 log A + 0.45521 log V + 1.6089 log 8 0.157 | -777.97 0.08
4 |1 =2.2122 +1.9136 log V - 1.2977 log 6’ 0.157 | -778. 05 0.00
9 |l =4.1044 + 0.86073 log D , 0.386 | 853.73 | 1631.78
10 |1 = 3.6952 + 1.0862 log D+ 2.0237 log 6’ 0.347 | ~662.87 | 1440.92

o : standard deviation AIC: An Information Criterion (Akaike,1974)
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Figure.3 Relation of acceleration and velocity

Contours of seismic intensity are given by Eq. (8)
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¢ (Gain parameter) is defined in €q.(12)
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Contours of seismic intensity are given by Eq. (8)  Relation of seismic intensity and frequency,
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Figure.6 Time series of real time or 0.1s interval seismic intensity
(Continued)

WL HERNORYLOFEFET L £1(L



—991—

( Expansio

|
] /
s I v g —— =
‘ ol \r-ﬂ_ ] e
3 { 1 ‘.‘"{Fﬂh‘v ‘;?h}'\’ ’ﬂ»ﬁ »V"/_\\‘
TR !
% t
' [
) {— seismic i | P p
B ‘ | [ T
! T 1
0 10 20 30 10 50 0 B 3 » @ L]
7
6
5 -
4 ‘;‘J{wﬁ b N — Y AN \; M -'/ \/ ‘-",\]m
— - -
i ﬂl WJ 1 i i -.], | o |' | l H \ i »’ v In\ ""“ “:.“ ",J ~_.“,
L 1 | il
¢ { f 1 T
‘ [
° | { —seismic i ",‘[ i — seismic intensity
- —ea (A9) — eal?) (A.6)
%
10 20 0 40 50 60 3 » » o s
7
g ]
A '
s L_.l_ ‘ - T : s 4
4 i i L [\ a ," \ J\
; i p ey VARV
Hy | a
1
0 1" { — seismic int ",I [ —seismic intensity I_
= ! l——uq(4)(V o | —eal4) (V.89
5 i
10 20 30 40 50 60 £l n » o Q
7
L]
s ~]
T A [_.‘ N~ AR,
4 ﬂ.t[*r : h Y WYATRAT ’." 4 '-’\‘r.
‘ T T oy [T VY
Fid " [
2 i ' i
‘ [{
0 —— seismic i ity | —— seismic intensity —
- ]——00(8) (AV 6) [ —eq® (AV.8)
! l -
10 20 30 0 50 60 T ® = » a P

2004/10/23 17h55m50s~ A BT REMET

s o "o 20 40 50
ACC. NS i
&4
o —N*WA\/\M/\/\/\M/\N\/\/\/‘/\/M/W\/\/V\/\
B Wb e e i

AT

F Al vauuvvvvuw AN
[ L A -
ACC. UD i
K] |
) .

(3) Muia-machi of the Mid Chuetsu Earthquake in 2004

Figure.6 Time series of real time or 0.1s interval seismic intensity

(Continued)

a5V~ CHF 69 EHLFEE



=g l==

’ 2 r 3
6 ——seismic intonsityl —— seismic intensity|
" L eam® | — eal®) (P)
4
9 f ”1!'—/—‘ Ty T
, 'fﬁ}f'flf ‘!ﬂ‘l"\rj\b‘ \":‘f]“'(n }M Tﬂ":‘;-:?(“_\ e, " VWWhr M AV Y
' ' | > T i -
) { ! lhrﬁ\L,Ww ] I
[}
-4
2
0 10 20 30 40 50 60 20 2 2 % 2
7
. —— seismic i it
—seismic m(ensntyl l’ — 0a(2) (A.8) I
° |—ea@ (A6)
4
° ~ ——
, BT ,'!&; yﬁ" ' Y el o n YN ATV
T e : AT TV TUIERN
1 ’ Uidl: AR YRR i
T ‘\ ﬂ ] T T
0 - - it {{ !
" IN|
%
0 10 20 30 w0 50 0 ® 2 P 2 »
7
6
’ ST
4 1y \/ LL, 4
H vV Il A
1 8 ‘ | \ L4 LA
{ i % A Y il -
i ; ‘.\‘v'\,l\.’ A Vi
= i A v
1 - + i
r.—..v ]
0 —Sﬂsmlc - — :
4 | —eatwrv.r | — seismic intensity |
I — eq(4’) (V,8°)
5
o 10 20 30 40 50 60 2 z k) k] =
7
. [ 1 .
—— seismic intensity ——seismic intensity [
v — ea(®) (AV.6) | —oa(® (AV.8)
)
3
2 Wt AN AN Y
YT T
' | RV
0 | Al IY :
-1
2
0 10 2 % 40 50 w0 » 2 u » £ »

Expansio

2004/09/05 23h59m10:~ FHk e e
ZO 50 00 10
ACC Ns
|
AS%C,;EW
[ el
Lo YTV VN AARAA-AAA AAA

M i A A

ACC. UD

PP AP N bt

(4) Kyo-tango for an earthquake off the Toka1 area on Sep 5 2004

Figure.6 Time series of real time or 0.1s interval seismic intensity

(Continued)

WHIEFHORYLOREHRET L 41U LN



BRERHRE O ERI~4T

Velocity
150

Velocity

Velocity

100

° 4 © 4 w o ° °
50 T S ) af o
o 9% Lo & ° i Y 4 ° o
o 41 . 5 STy AR R

. -l 2 - S

o [ Equation 15) | v ¢ 100 B7E TS
0 ; H H

0 50 100 150 0 50 100 150 o 50 100 150
Figure.7 Comparison of data fitting of equations (3), (14) and (15)

3) HEHE 5. F&H

2005 4EHI7E, HBRFICBRESI D SEREATHS T
BERICE, BHEEBE, BAMMEE (S8R, &BD)
BRENFTENTND (FHE - @5, 2002) 25, FEOD
HRESENTOWAN. —F, [IKTTIE, HEE
THWAHETORRKEEZ, SHRUIBEMNSEHLT
w3 (B)R0OH). )R& D bEAMEREZAVWEZRD
BMEMNEBICNEIVDT, QR, AR, HBVIEE)
REAVNDIET, BREEELHET DI EMNTES.
B Ak, UTO®D THS.
£9, QRZHANT, logh 2k 5.

log 6= {1 - (0.6830 + 1.9132log A)}/2.4207 (13)
log6 RU@) REANWT,
vel=10{I - 2.2699 + 0.615610g6}/1.8830 (14)

HBNIE, log (0) RTU@B) REANT,
vel = 10{I - 1.0528 - 1.4578logA -1.6089 log6}/0.45521
asy
ko T, BAEENBOND. BREER TR
SRERE % 2 OERRIC & BT RE, MaIEBRO®
EThH5. HERERSEbA ) DTN OERREIE
RSB ORENE SN, 25em/sec RS TOEKROE
RBRIL, E<EROOEHRTHBZEbHMD. Ln
L, (14), 19RBZNELDREVEE T, EEOE
EEDOOAE RMLBEAND DI &b, FRIC
BTENS. (14), 15ROEAITE ST, FHEDHTE
M—EITHELERSOEWDS, M EL T
NoORBFEATEDEEZSND.

- A BEAENT 540, SHORRR ZHAE
L. 205, UTORBRAE/ND AIC 25 %
5 &Moot '
1=1.0528 + 1.4578 log A + 0.45521 log V + 1.6089 log 6
CBENEERREAVT, UTLI A LITENY A
IS TRENESNDIEERLE

i

A3, BMERRSSFATEE, HERESETEE
BECERLTHEN:-. BREZEIRE, EROABRST,
ERLEICET 2R bS< AN, £, BA—HEL
BN=ZMREERS S, FRERBNICERI N TWEELT
— BT AR ERERE TR, TR LILAH
DRBIBI . T, HERBIGSTFOM, HER,
BHE, REHE0F—5 bERLE. BEIASTF—5
W - BEICHE SN bED, THSDAXICELTH
BEELET.

XHR

AIEH= - @WHE—E (2002) : BRRIMEERBRR2 %
HWZEHHREST — 5 OREREICDOVT —&%
ITBET — & X—ZADIEMH —, BEKR, 65, 45-65.

INEEE S (2004) : PostScript 11— R &4 K3 DHE"Y
—JV"PLOTPS" X = 2 7 )b, [LRMAFTEMR
4£,44,97pp.8

231

JIETE (1998) : Wil L5 BB D T HEIEIC K % 1R

—168—



U7 NG A LBER DT80 DRy R 5T

T Ob R & YRS, 5 10 MR A BT
RIPTAL, NFENTFT 1 AN v a &E4E, 29-34,

KBRT R 4 5(1996).

KABRIT(199) : BEEHS, £ LD, 238pp.

KRIT(2005) : RBBLAIIRE 2003 £(CD-ROM).

KRFT(2005) : WEBHET—5 (95 %) (CD-ROM).

HRER® (1978) - @i{kRXF+ &I - 71Ny —0DH
Bk et M EREL, 31, 240-263.

A - B)I=ER (2005) : EFEDEBREHICHE D
WEBMEIERICKIBERTEE, HRLey
RWME, 7.

R)I=ER - BEA—HE - FRBA(1999) : FHAIBE LA
[BTREB IUHRENR S ORIEE OB, i
REZRMLE, 51-56. '

Akaike, H .(1974): A new look at the statistical model

" identification, IEEE Trans. Autom. Control, AC-19,
716-723.

—169—



