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Abstract

We estimated the seismic intensity distribution of the 1944 Tonankai earthquake (3/7.9) based on an
examination of the original sheets of a questionnaire survey conducted by the Earthquake Research
Institute (ERI) of the University of Tokyo. ERI conducted questionnaire surveys for significant
earthquakes from 1943 to 1988. In these surveys, the 12-class seismic intensity scale (/x), which is similar to
the Modified Mercalli intensity scale (MMI-scale), was used. Survey results for earthquakes after 1950
were investigated and published, but the survey results for earthquakes in the 1940s have not been
published and the original sheets of the surveys were considered to be missing. In addition to 199 original
questionnaires and summary sheets discovered in recent years, we discovered an additional 91 original
sheets. In this study, we examine the 289 original questionnaire sheets, excluding one without location
information. Because multiple intensity values are obtained for various kinds of damage and detailed
human behaviors at each survey point, representative values of seismic intensities at a point are necessary
to make a seismic intensity distribution map. In previous studies, the mean value of seismic intensities was
used as a representative value, but the mean value saturates at x 8-9 (corresponding to V on old JMA’s
intensity scale) because of a larger reported number of lower intensities. The mean of the top five seismic
intensity reports hardly saturates and its distribution is similar to that reported by the Central
Meteorological Observatory (CMO), as well as the distribution of slight house damage. While the number
of newly estimated seismic intensities is less than 60 % of the CMO’s seismic intensities, the new seismic
intensity distribution map clarifies some characteristics of 1944 seismic ground motions. (1) High
intensities (/g 6-9) are estimated not only in the northeastern region of Biwa Lake in Shiga Prefecture, but
also in the entire prefecture around the lake. (2) High intensities (/x 6-7) are estimated in the Ina Valley in
Nagano Prefecture where two previous Tokai earthquakes also caused damage. (3) Seismic ground
motions are strongly amplified (/x 7-8) in the Fukui Plain, which is more than 200 km from the 1944 source.
(4) Seismic intensities along the Pacific coast of Tokushima Prefecture are high (/x 6-7). (5) Significantly
higher seismic intensities (/x 8) are estimated in the eastern part of Saitama Prefecture than those in the
surrounding region. In this region, other earthquakes such as the 1854 Ansei Tokai earthquake (1/8.4) and
the 1923 Kanto earthquakes (1/7.9) also caused abnormally high seismic intensities, while the cause of such
high intensities has not been clarified yet.

Keywords: 1944 Tonankai earthquake, Seismic intensity, Questionnaire survey, Kawasumi's intensity
scale, Old and new JMA'’s intensity scales
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Fig. 1.
for the 1944 Tonankai earthquake (M7.9) reported by the Central Meteorological Observatory (CMO) (1951). Star and
rectangle are epicenter after JMA and fault plane after Ichinose et al. (2003) of the 1944 earthquake, respectively. Thick
solid lines indicate plate boundaries after Bird (2003).
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Fig. 2. Distribution of survey points of the questionnaire survey for the 1944 Tonankai earthquake (1/7.9). White and
grey circles indicate survey points recorded in questionnaires discovered by Tsumura el al. (2010) and those
discovered in this study, respectively. Crosses indicate survey points where seismic intensities were written on
summary sheets discovered by Tsumura et al. (2010). Other symbols are the same as in Fig. 1.

Fig. 3. 91 newly discovered questionnaires in this study.
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Fig. 6. Correspondence table among seismic intensities on the old JMAI scale, on the KI scale
(Kawasumi, 1943a and 1943b), and on the Modified Mercalli intensity scale (MMI sacle).
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Fig.7. Examples of ways questionnaires were answered. Some underlined descriptions (a), while some marked divisions
of descriptions (b), some marked those and seismic intensity simultaneously (c), and some underlined descriptions and
marked seismic intensity simultaneously (d)—(f).
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Fig.8. Distribution of mean (a) and maximum (b) seismic intensities on the KI scale from the questionnaire survey. Other

symbols are the same as in Fig. 1.
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intensity values intensity values

(a) Frequency distributions of reported seismic intensity values on the KI scale from the questionnaire survey
sorted by maximum seismic intensity on the KI scale. White and light grey histograms show reported intensity values
at all locations and those at locations where multiple intensity values were reported, respectively. Vertical broken line
indicates mean of seismic intensity values from multiple-intensity locations (light grey histograms). (b) Frequency
distributions of top five reported intensity values (light grey) and top three reported intensity values (dark grey) from
the questionnaire survey sorted by maximum seismic intensity. Vertical broken and solid lines indicate mean of the top

5 and 3 seismic intensity values, respectively.
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Relations between seismic intensities on the old JMAI scale’s ((a) CMO (1951) intensity, (b) mean intensity, (c)

maximum intensity, (d) mean of top 5 reported intensity values, and (e) mean of top 3 values from the questionnaire
survey) and fault distances from the 1944 fault plane by Ichinose et al. (2003). Curves in (a)-(e) show regression lines. (f)

Comparison of regression lines in (a)-(e).
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Fig. 12. Distribution of means of top five seismic intensity values from the questionnaire survey on the KI scale (a) and
those on the old JMALI scale (b). Other symbols are the same as in Fig. 1.



FAEBERIATON T v — MID < 1944 SERFE M E O R 54

138°

R

/|

136°E 138°

.

e,

5

A % Bae

)

Seismic intensity > Seismic intensity
1944 Tonankai (new JMA scale) ° 1944 Tonankai (old JMA scale)
earthquake o ° ° ° ° earthquake 2 H o °©
0 1 2 3 4 0 | Il I
° a ° B ° + . * * .
5- 5+ 6- 6+ 7 Unknown IV V. VI VI

Fig. 13. (a) Distribution of seismic intensities on the new JMAI scale from statistics on house damage estimated by
Takemura and Toraya (2014, 2015). (b) Distribution of means of top five seismic intensities from the questionnaire
survey on the old JMAI scale. Other symbols are the same as in Fig. 1.
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