
Statistical Analysis of JMA Seismic Intensity Differences
Using Seismometer Array Records

Hidenori Mogi and Hideji Kawakami, Saitama University, Japan

INTRODUCTION

The JMA (Japan Meteorological Agency) seismic intensity scale has been playing an important
role in earthquake engineering. Since 1996, seismic intensity meters have been densely installed
by JMA and many local governments for automatic and rapid announcement of seismic intensities
in the region. 　However, it has been pointed out that the variation of the instrumental seismic
intensity at neighboring sites is not small. Therefore, the spatial stochastic properties of the instru-
mental seismic intensity should be examined for proper utilization of the seismic intensity scale as
the regional intensity of seismic ground motions.

In this study, seismic intensity difference (SID), the difference between instrumental seis-
mic intensity observed at two sites during each earthquake, was introduced and investigated to
examine the statistical characteristics of the instrumental seismic intensity.

PROBABILITY DISTRIBUTION MODEL FOR SIDS

The seismic intensity difference (SID) has been defined as

Z = |Z ′| , Z ′ = X1 − X2, (1)

where X1 and X2 are the instrumental seismic intensity observed at two sites during the same
earthquake. Since the seismic intensity can be considered as a Gaussian random variable, the
probability distribution of the SIDs is also Gaussian distribution whose probability distribution is
given by

fZ(z) =
2√

2πσZ′
exp

(
− z2

2 σ2
Z′

)
, z ≥ 0, (2)

where σZ′ is the standard deviation of Z ′. As shown in Eq.(2), using the SIDs makes it unnecessary
to estimate average µX , which depends on individual earthquakes.

Based on Eq.(2), the probability of occurrence of a different n in seismic intensity scale
can be expressed as

P (n) =
∫ n+1

max(0, n−1)
fZ(z) Wn(z)dz, (3)

where P (n) is the probability of occurrence and Wn(z) is the weight function given by

Wn(z) =

{
z − (n − 1) (0 ≤ n − 1 ≤ z < n)
1 − (z − n) (n ≤ z < n + 1).

(4)
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SEISMOMETER ARRAYS AND SITE EFFECT

CORRECTION

Accelerograms observed at the Chiba and SMART-1
seismometer arrays were used for stochastic analyses
of SIDs. The station pairs with separation distances
up to 300 m are available in the Chiba array database,
and up to 7 km in the SMART-1 database.

To eliminate the difference due to site effect,
the observed seismic intensity was corrected by a site
factor. The site factor was estimated as follows:

1) The stationwise average of seimic intensity for
each earthquake was calculated.

2) The average of the difference between observed
seismic intensity and aforementioned stationwise
average was calculated as the site factor.

SCATTER OF SIDS

These figures shows the scatter of the SIDs
against the station separation. In the figure
for the Chiba array, the SIDs of about 0.4
were observed even for the closest pairs sep-
arated by 10 m or less. Also the SIDs more
than 1.0 were observed in the results of the
SMART-1 array because of its large station
separations.

In this study, we have estimated the
standard deviation, σZ′ , and average µZ for
each station separation group, A to C for the
Chiba array and a to g for the SMART-1
array. These station separation groups are
shown at the top of the figures.
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STANDARD DEVIATION AND

AVERAGE OF SIDS

This figure shows the standard deviation σZ′

and average µZ of the SIDs against the sta-
tion separation. In this figure, we can find
monotonic increases of the standard devia-
tion and average with increasing station sep-
aration. Also continuous relationships be-
tween two different arrays have to be noted.

PROBABILITY DENSITY

FUNCTIONS OF SIDS

The probability density functions
(PDFs) of the SIDs estimated by
frequency of occurrence (lines with
symbols) and by Eq.(2) with the esti-
mated standard deviation σZ′ (smooth
lines) are shown.

Since the shapes of the PDFs
estimated by the frequency of occur-
rence and by Eq.(2) are similar to each
other, it can be comfirmed that the
Gaussian distribution is applicable to
the probability distribution of SIDs.
The steep shapes of the PDFs for the
Chiba array are indicative of small scat-
ter of the SIDs. For the SMART-1 ar-
ray, we can find the probability of oc-
currence of the SIDs of 0.5 or more.
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PERCENTILES OF SIDS

This figure shows 50th, 68th, 80th and 95th

percentiles of the SIDs. The 95th percentiles
can be considered as the largest value of
SIDs (ie., the 95% significance level is as-
sumed). From these results, the followings
are revealed:

1) For the station pairs separated by 40 m
or less, there is a 50% probability that
the SID will be less than 0.05 and a 95%
probability that it will be less than 0.15.

2) If the stations are separated by almost 1
km, there is a 50% probability that it will
be less than 0.15, and a 95% probability
that it will be less than 0.4-0.45.

3) If the stations are separated by almost 5
km, there is a 50% probability that it will
be less than 0.2, and a 95% probability
that it will be less than 0.55-0.65.

PROBABILITY OF OCCURRENCE OF A

DIFFERENCE IN SEISMIC INTENSITY

SCALE

The probability of the occurrence of a differ-
ence n in seismic intensity scale estimated from
the array records and Eq.(3) are shown in this
figure. From this result, the followings can be
pointed out:

1) The same seismic intensity scale will be ob-
served with a 95% probability for the station
pair separated by several ten meters, and a
75-80% probability for the pair separated by
several kilometers.

2) There is no possibility of occurrence of dif-
ferent seismic intensity scales by two at
the station pairs separated by within several
kilometers.
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