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Can felt reports of historical documents be used to estimate the source of large earthquakes? In this study, we show
that the source region of large earthquakes can be imaged from the spatial distribution of felt reports for three recent
large earthquakes (The Mid Niigata Prefecture Earthquake in 2004, The Iwate-Miyagi Nairiku Earthquake in 2008,
and 2011 Fukushima Hama-dori Earthquake) from felt reports by using the seismic intensity database from the
Japan Meteorological Agency (JMA). For the case of the 2004 and 2008 earthquakes, number of aftershocks with
felt reports decreases with increasing distances at epicentral distance <100 km of the mainshock. For the case of the
2011 earthquake, the number of aftershocks with felt reports fluctuated even within 100 km from the mainshock,
because of the aftershocks of the 2011 Tohoku-oki earthquake. The areas imaged from the number of felt reports
were well concordant with aftershock area following these mainshocks as long as the station coverage was retained.
Our results imply the possibility that the source region of large historical earthquakes can be constrained by
compiling felt reports documented in historical literature and constructing a database.

Keywords: Felt Reports, Seismic Intensity Database, The Mid Niigata Prefecture Earthquake in 2004, The Iwate-
Miyagi Nairiku Earthquake in 2008, The 2011 Fukushima Hama-dori Earthquake.
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Figure 1. Three target earthquakes (open stars) and shallow earthquakes with the maximum seismic intensity
> 3 (filled circles) that are used to validate the reproducibility of the felt report number in this study. Filled
triangles indicate the observation stations that the histogram and cumulative frequency curve of felt reports
are shown in Figure 3.
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Figure 2. Frequency distribution of instrumental
seismic intensities in 2000-2010 from JMA seismic
intensity database (triangles: cumulative, squares:
discrete).
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Figure 3. Histogram of felt reports with seismic intensity > 2 in each month (left axes) and cumulative
frequency curve (right axes) for the observation stations. The locations of observation stations are shown
in Figure 1.
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Figure 4. (a) (Left) Epicenters, depths, and magnitudes of earthquakes that were felt at the Katsu’ura (Tona)
station between 1926 and 2017 according to the Japan Meteorological Agency (JMA) seismic intensity
database. (Right) The closed—up figure in the Kanto region shown by the rectangle in the left panel. (b)
Frequency distribution (bars and left axis) and cumulative probability (curve and right axis) of felt reports
at the Katsu’ura (Tona) station for different epicentral distances.
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Matsu’ ura et al. (b) Averaged Residual
(2020)

0 5 10 15 20 <-1.0 <-05 >+0.5 >+1.0

Number of felt reports (Seismic Intensity = 1.5)
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Figure 5. (a) Comparison of observed number of felt reports with synthetic number of felt reports obtained
from ground motion prediction equation for very shallow earthquakes during 2000-2010 with the maximum
seismic intensity > 3. (b) Averaged residual of seismic intensity (O-C) at each observation station. See
Frontispiece 1 for the color version.
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equation for very shallow earthquakes [Matsu’ura
et al. (2020)].
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Figure 6. Schematic illustration of the preliminary method to estimate the source region of a large earthquake
based on the number of felt reports. (a) Distribution of grid points with 0.1 degree spacing. (b) The number
of felt reports at the two different grid points shown by open stars (center: 139.7°E and 37.5°N, right
140.5°E and 39.0°N) from 1000 earthquakes randomly generated in accordance with the GR relationship.
The distribution of felt reports number within one month following the Iwate—Miyagi Nairiku Earthquake in
2008 (left) and calculated residuals are also shown. (c) Distribution of residuals normalized by the minimum
one.
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Figure 7. (a) Distribution of number of felt reports within one month following (left) the Mid Niigata Prefecture
Earthquake in 2004, (center) the Iwate—Miyagi Nairiku Earthquake in 2008, and (right) the 2011 Fukushima
Hama-dori Earthquake. (b) Relationship between the number of felt reports within one month following
each mainshock and epicentral distances. (c) Normalized residuals between the observed number of felt
reports and synthetic ones. Gray circles represent the epicenters of felt earthquakes within one month
following each mainshock. See Frontispiece 2 for the color version.
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Figure 8. Normalized residuals when the observation stations were thinned out to 1/2, 1/4, 1/8, and 1/16
for (a) the Mid Niigata Prefecture Earthquake in 2004, (b) the Iwate—-Miyagi Nairiku Earthquake in 2008,
and (c) the 2011 Fukushima Hama—dori earthquake. Gray circles and open triangles indicate the epicenters
of felt earthquakes within one month following each mainshock and distribution of observation stations
used for each analysis, respectively. See Frontispiece 3 for the color version.
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