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ABSTRACT
To clarify the relationship between seismic intensity defined by Japan meteorological agency (JSI)
and modified Mercalli intensity (MMI), the author compares observed values in Japan. For JSIs,
published calculated seismic intensities are used. On the other hand, for MMIs we use values from
“Did you feel it” website that is operated by US geological survey. Those values are compared in
the same city. At first, twenty-two cities are selected for studying observed values during the 2011
off the Pacific coast of Tohoku earthquake. This means event specific case. Then, nine cities are
selected those have wide range of seismic intensity data. This means site specific case.
Relationship of average values of each seismic intensity bins are almost coincident to the existing
empirical equations. However, scatter is large in lower range. Additionally, when we use raw data
it is not easy to distinguish intensity boundaries.
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Introduction
In Japan, the seismic intensity by the Japan Meteorological Agency (hereafter, JSI) has a long
history and it is familiar to people as it is announced by the mass media immediately after the
earthquake. Additionally, because the definition is clear, it is useful as an index of the earthquake
ground motion intensity.
However, from a global viewpoint, JSI is a unique indicator and it is necessary to express
correspondence with Modified Mercalli Intensity (hereafter, MMI) which is a substantial global
standard. Several studies have been done for relationship between JSI and MMI. Although the
Japan Meteorological Agency illustrates the correspondence between them in the literature[1], it
does not show how to obtain the relationship or basis.
Recently, Wald et al. propose an empirical relationship between peak ground acceleration
(PGA), peak ground velocity (PGV) and MMI [2]. MMI can be estimated from PGA and PGV
from these relationships. We refer this MMI is cMMI in the following. On the other hand, as JSI
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is calculated from ground motion and definition is clear, one can evaluate the relationship
between cMMI and JSI using observed ground motion. Kunugi establish empirical equations
between cMMI and JSI using K-NET records [3]. His result is shown in equation (1). In the
equation (1), constant a and b are depending on the range of JSI.
cMMI=a x JSI – b

(1)

The same study was done by Shabestari and Yamazaki [3]. Their result is expressed by Eq.2.
MMI=1.85 JSI – 2.04

(2)

Although these research results are useful, the author focuses on observed MMI. Because
there are many responses of the “Did you feel it” [5] from Japan. The author directly compares
the MMI of DYFI and JSI at the same city. The author takes two ways in comparison. One study
is based on the specific event, and another study is that many event data at a certain city. A
ground motion characteristic is described by convolution of source effect, path effect and site
effect. The result of the first comparison might be contaminated by the source effect. And latter
comparison might be contaminated by the site effect. So that two comparisons are necessary to
get general relationship.
Seismic intensities during the 2011 off Pacific coast of the Tohoku earthquake
During the 2011 off the Pacific coast of Tohoku earthquake, there are 1088 responses from Japan
as shown in Fig. 1. First, cities with more than 10 responses are selected for studying and several
cities are added for comparison. Eventually, twenty-two cities are selected to compare intensities.
Locations of these cities are displayed in Fig.2.
Ordinary, plural JSI stations are deployed in a city in Japan. Therefore, we calculate an
average of JSI of each city. The JSI is announced by an integer number to the public just after the
earthquake but latter it expressed a number with decimal point. We used such number in this
study. Hereafter, it is expressed by cJSI. On the other hand, as MMI of DYFI is summarized by
each city, this number is used.
The result is summarized in the table 1. Note that there are plural stations except Misawa.
There are more stations in Tokyo 23 wards for real, but we choose representative stations. The
largest number of responses are come from Tokyo where is the biggest city in Japan. Also
numerous responses come from Sapporo, Sendai and Nagoya; those cities are large city in Japan.
However, one can find that the number of answer doesn't always depend on the population of the
city. For example, there are many answers from the city which has facilities of the United States
forces in Japan such as Misawa, Zama, and Yokosuka. The author thinks that most of the
respondents seem not to be Japanese but foreigners in Japan from this fact.
Fig. 3 shows a relation of MMI by DYFI and averaged cJSI during the 2011 off the
Pacific coast of Tohoku earthquake. In the figure, empirical equation by Kunugi et al[2] is also
illustrated by broken line. Considering Fig.2, we can point out following things. When MMI is
bigger than 5, the empirical equation agree well to recorded data. However, MMI equals to or is
less than 5, discrepancy is large. In case of 7 and 8 of MMI, there is not to be a big difference in
JSI.

Figure 1

Responses of “Did you feel it” in Japan during the 2011 off the Pacific coast of
Tohoku earthquake

Empirical equation underestimate the JSI in lower MMI will be premature, because of
less data. There are only five cities in which MMI equal to or less than 5. Additionally, at
Sapporo and Kobe, in which MMI is 2, those data range (the maximum-the minimum value) of
JSI is large.
Seismic intensities in 9 cities in Japan
There is a possibility that the result of the previous chapter is only consistent in the 2011 off
Pacific of the Tohoku earthquake, because of seismic characteristics. Therefore, in this chapter
we focus on a specific city. We choose nine cities in which there are plural data in 2-6 ranges of
MMI. Those are Misawa, Morioka, Sendai, Koriyama, Utsunomiya, Saitama, Tokyo's 23 wards,
Chiba, and Yokohama. Locations of these cities are already illustrated in Fig.2. The author tries
to choose two earthquakes records for every MMI bin for each city and gather up 10 earthquake
data in amount. Almost events occurred after the 2011 event. The maximum MMI in each city is
observed during the 2011 off Pacific coast of the Tohoku earthquake. From these facts, we can
say that the 2011 event let us enable this study.
Fig. 5 shows relation of MMI by DYFI and cJSI for each city. In the range where MMI is
small, there are many cases that number of response is only one. In the figure empirical equation
by Kunugi et al [2] is also drawn. The data corresponds to the empirical one well except Misawa.
This means that it is possible to estimate cJSI from MMI in many cases averagely by empirical

Figure 2 Map showing cities where seismic intensity is studied in this paper. The epicenter of
the 2011 off the Pacific coast of Tohoku earthquake also shown
equation
The data distribution at Misawa is looser than the other cities. One reason is that as
mentioned above there is only one station in this city. Taking an average is essential to reduce
the scatter. From the questionnaire survey for seismic intensity in Misawa by authors, weaker
intensities were observed in far northern part than central part where JSI station is located during
an earthquake which occurred on July 24th, 2008. The base of US forces in Japan in Misawa is
occupied northern part of the city, while military and their family live in the wide range in the
city. It can be said that the strength of the shaking which the people who answered the DYFI is
rather different to observed JSI in Misawa.

Table 1 Summary of intensities during the 2011 off the Pacific coast of Tohoku earthquake
（as order of MMI）
MMI
JSI
MMI number Min. Max. Ave. Stn #
Sendai
8
24
5.5
6.2
5.8
5
Miyagi
8
14
4.9
5.9
5.3
4
Fukushima Fukushima
8
12
5.8
5.9
5.8
3
Koriyama Fukushima
7
13
5.4
5.8
5.6
3
Tuchiura Ibaraki
7
10
5.2
5.9
5.6
3
Tsukuba Ibaraki
Utsunomiy a Tochigi
7
4
4.7
6.0
5.2
5
23 ward
Tokyo
6
157
4.4
5.1
4.8
8
Yokohama Kanagawa
6
46
4.2
5.2
4.7
11
Misawa
Aomori
6
39
4.4
4.4
4.4
1
Zama
6
22
4.5
4.5
4.5
1
Kanagawa
6
20
4.7
4.7
4.7
1
Ayase
Kanagawa
Chiba
6
15
5.0
5.6
5.2
4
Narita
6
12
4.4
4.7
4.6
3
Atsugi
Kanagawa
Kawasaki Kanagawa
6
12
4.3
5.1
4.7
7
Saitama
Saitama
6
9
4.4
5.1
4.8
5
Chiba
Chiba
6
8
4.5
5.2
4.9
6
Morioka
Iwate
6
4
4.7
5.4
5.1
4
Yokosuka Kanagawa
5
77
3.9
4.1
4.0
2
Tokyo
5
13
3.9
3.9
3.9
1
Hamura
Nagoya
4
32
3.1
3.8
3.4
7
Aichi
Hokkaido
2
18
1.3
3.4
2.4
3
Sapporp
Kobe
2
18
1.0
2.3
1.8
5
Hyogo
City

Pref.

Figure 3 Relation of MMI by DFYI and averaged cJSI during the 2011 off the Pacific coast of
Tohoku earthquake

Figure 4

MMI and averaged cJSI in nine cities in Japan

Discussion
From above study, relationship between MMI by DYFI and JSI is expressed by the Kunugi’s
empirical equation [3] on the average. It is quite natural, because the empirical relation is
established taking an average of huge amount observed data pair. In this chapter, we use the raw
cJSI values to confirm an effect of averaging. Fig. 5 shows raw JSI and MMI by DYFI for all
earthquake in 9 cities of the previous chapter.
One can find that the ranges of JSI for MMI of 4 and 5 are almost the same. Same thing
happens when MMI is 2 and 3. Specifying JSI to these two MMI bin group isn't appropriate.
MMI by DYFI is defined by feeling and reaction during the earthquake while JSI is determined
by ground motion characteristic. Then, even if the physical property of the earthquake motion
change, it thinks that the feelings or experiences of human is not so keenly in these MMI range.
On the other hand, when MMI is equal to or more than 6, as MMI increases JSI increases,
still there is overlapping. In Japan, intensity of 5 minus is thought of as the lower limit of the
possibility that the damage occurs. From the Fig.4e, when MMI becomes 6, JSI will be 5 minus
(4.5-4.9). If someone wants to estimate the damage using DFYI map, one should look at the
spatial spread of MMI of 6.

Figure 5 MMI and raw cJSI in nine cities in Japan

Conclusion
Both seismic intensity by Japan Meteorological Agency and Modified Mercalli intensity are
widely used seismic intensity in the world. Several studies have done for establishing
relationship between them. In this paper, because there are several responses of “Did you feel it”
which is operated by U.S. geological survey from Japan, the author compare with MMI by DYFI
and Japanese seismic intensity at the same city. As MMI by DYFI in Japan is determined every

one digit, precise comparison is not plausible, but existing empirical relationship expresses well
on the average, while data range is very large in lower MMI value. Using raw JSI data, scatter is
wide. Specifying JSI correspond to MMI of 2 or 3 and 4 or 5 bin group is difficult on raw data.
When MMI is equal to or more than 6, as MMI increases with JSI increases. In this range, one
can specify the JSI to MMI with relative accuracy.
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