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Anticipated Seismic Intensity=f (Source Factor, Path Factor, Site Factor)

At Present
O Source Factor : 1 scalar (for example; Magnitude)
Path Factor . Attenuation relation
O Site Factor .1 scalar

Without consideration of spectrum contents il e, b, degpo



JMA seismic Intensity

JMA intensity

is evaluated
from 3 comp.
accelerograms

Accelerogram,
Ans (t)~ Aew (t)’ Aud (t)

¥

Filter

\ 4

V(t)=
(A 2(H)+AL,2(H)+A42(1)17?

\ 4

(Total duration of V(t)
>V,)is 0.3s

\ 4

1=2 1og10(V,)+0.94

Approximate Relation between JMA Intensity scale and Modified Mercalli scale

5[5 |6 |6

JMA 0] 1 2 3 4 Llu Il lu 7
Modified 10
2 4 7 ’

Mercalli 3 > |6 819 11,12

Alestzovmibaibaal Iz, s, degaes
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1. Estimation of PGV from attenuation relation (Si and
Midorikawa, 1999) using Magnitude, Hypo. Dist. and Depth

2. (PGYV at surface)=(PGV at basement) X site factor

3. JMA intensity=2.68+1.72log (PGYV at surface)
Midorikawa et al, 1999
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Two Earthquakes occurred at the same place with the same magnitude

3.4 3.4
VWV 4242

3.1
\ 4 v4.0 4.0
\ v
At each site,
/ paths are the same

M4, ,
8* -Site factors are the same
Earthquake M4.8

At each site, Intensities of the two earthquakes are expected to

3.1
Intensity

be the same!

Really? or Not ?

Miestovaboiiand s, i, g




In actual observation, even with the same magnitude

20034004 A25 FO7RH0% B 2003401 F03 H13F14 ) SRR
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From HP of JMA

Even if the same Intensities are not
magnitude, always the same

TR ee ks, i, dogorenit



Point B
34 392 Point C
Intensity \ 4 4.2 49
3.1 Point D
Point A v /y 40 43
Earthquake M4 8
How large fluctuation 7?7
Point A 3.1 — 33 = -0.2
Point B 34 — 32 = 0.2
Point C 4.2 — 4.2 = 0.0
Point D 40 — 43 = -0.3

\ 4

Investigated the distribution of fluctuation
sttt Ik, o, Jbgasi



»Hypocenter and magnitude are from JMA unified catalogue
»Intensity observation by JMA, municipalities and NIED
»May, 1996 — July, 2007

»>M3.5~5.5

Select of the earthquake pair

»Distance between those epicenters is less than 5km
» Difference of focal depth is less than 5km
»Having the same magnitude

Select of Intensity data

Exclude the range of
Exclude the range of

(di b \ / hypocentral distance at
'Sta?fi ?E,W‘ef\n 10 - intanity which seismic intensity is
HYPOLENEEDS & 24 60 | observed to be less than
; 0.6
5.0 - .
Intensity ¢
5.0 -
2.0 -

1.0 A

Hypocentral Distance (km) . .
Miestovaboiiand s, i, g



-Same magnitude
o M4 @ 00-20km -distance is less than Skm
® M5 @ 20-40 Focal depth difference is less than 5km
® v < 40-60 -Intensities are observed commonly more
: gg:so than 10 stations

N=100

depth(km) ¢ disstt, Jegns
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(Intensity difference )
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2003:_7-26_10-22_/ M5.1_13km

2003:_7:28_4- 8 / MS.1_14km
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Intensity Diff.

Extent of uncertainty even when
the earthquake occurred adjacently
with the same magnitude

Seis. Intensity

3 u TR TR NN SR NN TN TR N TN R R NN NN SR TR S

Distribution

of Intensities

of Stations

At this station,

Inteisity of Intensity of

earthquake @) is
larger than D by 1.7

0 1
Diff. of Seismic Intensity

earthquake Q) is
larger than @) by 0.6
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2000: 410630 / M4 8 55km 2005:12:28 18:46 / M4.8 53km

Intensity Diff.
30 TR TN N NN (NN TN TN NN SN (NN TN NN TN SN SN NN S N |

(7))
S
= 20 A
» S
S 10 Distribution of
S Intensity differnce

0- RMS: 0.80

-2 0 1

Diff. of Seismic Intensity

Aereielbsibio s, Birsd,, dogoroni



-Same magnitude
-distance is less than 5km

Focal depth difference is less than Skm
-Intensities are observed commonly more

Histogram of RMS of than 10 stations
Intensity Difference
N=100
40 | | | |
\l/Average of RMS:

w
o
|

0.41

No. of Pairs
M
(]

—
o
|

0 |
0001020304050607080910

Root Mean Square

Extent of uncertainty of
intensity even when the

magnitude, path and site
are the same

sttt Ik, o, Jbgasi
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Two Earthquakes occurred at the same place

3.6 -
3.1 v
Seismicv 4.0 4.5

Intensity V
/ At each site,
paths are the same

*Site factors are the same

\Diﬁ”erence of’

At each site, Intensities of the two earthquakes are expected to

be the same!

Really? or Not ?

Miestovaboiiand s, i, g



2005:12:28_18:46 / M4.8 53km

2000: 4:10 6:30 / M4.8 55km

140°

-2 -1 0 1 2
Intensity Diff.

Seis. Intensity

AVE.=0.49 oot
= T ave=049

RMS=0.80 £

- n

No._=230 2]

2 ]
Removing o ' 1 .
Diff. of Seismic Intensity

residual
| Shift by 0.49

Estimate the AVE.=0.00 >3°_ J

RMS for each RMS=0.64
pair of No._=230

earthquake

io

No. of Stati

-2 -1 0 1 2

Diff. of Seismic Intensity . .
saneanenaitibnisibion] s, irsd,, dogoronat




.g 80 . . . l . l . 80 . . . l . l .
o M_diff.=0.0 | ] M_diff.=0.3 |
a %] n=100 i 607 n=170 i
HC_D 40 ave. =0. 31 - 40 ] ave.=0.34 |
. 20 - 20 -
2 o : 0 :
0.0 0.2 04 06 08 1.0 00 0.2 04 06 08 1.0
80 L l L l L l L l L 80 L l L l L l L l L
| M_diff.=0.1 | ] M_diff.=0.4 |
60 7 n=178 i 607 n=115 i
40 ave.=0.33 [ 40 - ave. =0. 34 i
20 ] i 207 ‘ i
0 - 0 -
00 0.2 04 06 08 1.0 00 0.2 04 06 08 1.0
80 . | . | . | . | . 80 . L L l L l . l . . .
] M_diff.=0.2 | ] M diff.=05 | Magnitude is used
60 ] n=158 i 607 n=112 i
40 ave.=0.33 [ 40 ave.=0.34 | as source factor
20 - - 20 - -
0 - - 0 - -
00 02 04 06 08 1.0 00 0.2 04 06 08 1.0
R oot Mean S quare R oot Mean S quare
(%]
< 300 +— ' —_— ]
'S M_diff.=all | Average of RMS:0.41 — 0.33
0. 200 - n=833 -
y— 1 ave.=0.33 }
O 100 - )
S - Average of Intensity
0 - |
< 00 02 04 06 08 1.0 difference is used as
R oot Mean S quare source factor

sttt Ik, o, Jbgasi



Two Seismic Intensity meters located adjacently

51 5.3 2.2 24
Earthquake 2 Earthquake 3
Intensity When Hypocentral
3.1 3.3 3.2 3.4 distance is much larger
Earthuake 1 Earthquake 4 than the distance
between the 2 intensity
\ meters
IntenS|ty For each eathquake
meter A '"te"s'ty -Source factor is same
meter B

path is same

For each earthquake, difference of intensity is expected to be

the same

Really? or Not ?

Miestovaboiiand s, i, g



»Hypocenter and magnitude are from JMA unified catalogue
»Intensity observation by JMA, municipalities and NIED
»May, 1996 — July, 2007

»>M3.5~5.5

Select of the pair of seismic intesity meter

»Distance between those inteisity meters is less than 5km

Select of Intensity data

Exclude the range of

IE):-:Iude ths range of \ / hypocentral distance at
'Sta?fi ?E,W‘ef\n . intanity which seismic intensity is
HYPOLENEEDS & 24 60 | . observed to be less than
' i 0.6
5.0 - .
Intensity ¢
5.0 -
2.0 -
1.0 -
10

Hypocentral Distance (km) . S
Miestovaboiiand s, i, g



M:4.0
M:5.0
M:6.0

00-20km
20-40km
40-60km
60-80km
80-__km

= I

Two Intensity
meters

Distance between
intensity meters
0.9km

Average:-0.15
Difference of site
factor

Standard
deviation :0.52
Fluctuation of
seismic intensity

Intensity meter A is
larger than A by 1.0 Diff. of Seismic Intensity larger than B by 0.9
Aerdsryatovsd] KEss, B, Jegonil

Intensity meter B is



Distance
between Intensity
meters :1.0km

Average:-0.63
Difference of site
factor

Standard
deviation :0.40
Fluctuation of
seismic intensity

B
ot

o M40
44" © M50
. ® M60
© 00-20km
47° @ 20-40km
<  40-60km
B 60-80km
s 80-_ km
144° 146" 148"
-2 -1 0 1 2
Intensity Diff.
—_ ]
Grem o>
I
No._=95
10 B
0- ———
-2 -1 0 1 2

Diff. of Seismic Intensity

& dharsi, degasi



No. of st. Pairs

Histogram of standard
deviation of intensity difference

-distance is less than 5km
-Intensities are observed commonly
more than 10 stations

N=791
l .

0.2

Average of standard
deviation:0. 29

Extent of uncertainty

even when the sites
located adjacently

04 0.6
Standard Deviation

0.8 1.0

sttt Ik, o, Jbgasi




Extent of uncertainty in anticipation of

~ Intancitwu
OGIOIIII\.’ | § | Il.GI |°||.y

Uncertainty in anticipation of seismic intensity when
Source factor is represented by 1 scalar

Uncertainty (RMS) in case of same 0.41.N2 = 0.29
magnitude, same path, and same site

! 1
ismic i ity i 0.33./V2 = 0.23 | <=

For source factor, Seismic intensity is
used instead of magnitude

Uncertainty in anticipation of seismic intensity when
Site factor is represented by 1 scalar

Uncertainty in case of same source, 0.29 V2 = 0.21 <j:|
same path, and same site

In addition to these, uncertainty due to the
attenuation relation should be considered

P O TR | U - S I TOUR SV S | U
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