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SUMMARY

Through new tracing investigations, this study seeks to clarify the scope of
the 1946 Nankai Earthquake(M8.1) in terms of human casualties and to focus upon
the behavior of those who suffered through the earthquake and its tsunami. In
areas struck by the tsunami caused by the Nankai Earthquake, a large percentage of
children and elderly people suffered death. Females suffered higher casualty
rates than males. In terms of behavioral responses to the earthquake, women
demonstrated more active behavior in the protection of children and the elderly
than did mem.

INTRODUCTION

The Nankai Earthquake which occurred at 4:19 a.m. on December 21, 1946 off
the coast of Kii Peninsula, Japan, recorded a magnitude of 8.1 and caused exten-
sive damages over the wide area including Kochi, Tokushima and Wakayama Prefect-
ures. In spite of the material gravity of consequences, we do not have enough
facts concerning the eartquake compared with other major seismological events
which took places in and around japan, perhaps because the country was still suff-
ering from the outcome of the Second World War at that time. On the other hand,
now that more than 40 years have passed since the earthquake, it is becoming in-
creasingly difficult to interview those who happened to experiences the calamity.
We do know, however, that the earthquake is characteristic in that it was accompa-
nied by severe damages due to tsunami. We also know that the risks of tsunami, in
terms of casualties and otherwise, are quite significant today, as the recent
earthquake which occurred in 1983 in the central region facing the Sea of Japan.

Thus, we believed that meaningful facts could be obtained if efforts were
made to survey the actual impact of Nankai Earthquake even at our time, and this
led us to undertake a survey of casualties and damages caused by the Nankai
tsunami for several regions in Kochi, Tokushima and Wakayama Prefectures which are
known to have sustained particularly severe consequences. In this paper, we shall
consider especially the aspect of human casualties of the Nankai Earthquake in
terms of those attributes such as age, sex and other factors concerning the
victims and the circumstances of casualtes as well as behaviors at the time of the
calamity.

METHODOLOGY
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Some communities in Kochi, Tokushima and Wakayama Prefectures shown in
Table 1, were sustained especially heavy casualties and that they were the direct
consequence of tsunami. Because of this ,we selected these five communities - the
central part of Susaki City in Kochi Prefecture, Township of Mugi and Asakawa Com-
munity of Kainan Town in Tokushima and the central part of Tanabe City(including
Shinjo) and Susami Town in Wakayama as these are called at this time - as the
targeted area of our survey(Fig. 1).

As to the actual information gathering, we first contacted the represent-

atives of senior citizens' associations in Table 1 Outlines of Damage due to
each community and asked them to notify the Nankai Earthguake

menmbers the time and place where the survey

was to be made. Then, on the notified day, Qamagel __Damage of Houses Casualty
we asked the member citizens to come to the [Regions tgﬁ‘éi&l_ﬁée away |Flooded Dead Jinjured
meeting place, and to fill out the question- | Susaki 80 | 186 45 | 1089 57 80
naire following our explanation. For those Mugi 154 | 199 | 121 990| 52 40

who were unable to come, we requested the
association representatives to circulate the
questionnaire forms which were to be mailed

Asakawa | 187 | 169 158 100 66 37
Tanabe 57 19 38 493 45 22

back later on. The survey was conducted on |Shinjo 50 35| 79| 391| 26| 30
Sept. 1, 1986 at Susaki, on Sept. 4~5, 1986 |Susami 12 — 27 190 17 93
at Mugi, on Sept. 6, 1986 at Asakawa, on Total | 540 | 608 | 466 | 3262 263 | 312
Oct. 12, 1987 at Tanabe and on Oct. 13 and
on Nov. 5, 1987 at Susami.

The guestionnaire consists of 30 questions. O0Of these, JAPAN é?

questions 1~7 pertained to types and characteristics of houses
which were occupied by the respondents at the time of the
tsunami. Question 8~10 were to determine material damages on
the housing caused by the earthquake;question 11 related to
the attributes of respondents and their household members at
the time of the calamity as well as to the casualties result-
ing from the earthquake, while guestions 12~30 were to know
the respondents' behavior following the earthquake.

xepicenter
Asakawa

Susaki
Fig. 1 Investigated
RESULT OF THE SURVEY AND ANALYSIS Areas
Table 2 Number of Questionnaire
Private attributes of the respondents Table 2 Forms Returned
shows the number of the questionnaire forms, re- - On theDay of -
R Lat Mail | Total
turned either on the day of the survey or later egmn.s the Survey il by8 ! 5
by mail, for each community concerned. Susaki 12 6 o
Mugi 72 7 79
Fig. 2 shows the respondents' private or Asakawa 44 0 44
personal attributes at the time of the earthquake.|;inabe 29 2 31
36.5% were male and 63.5% were fgmale: _Beca\'lse Susami 41 8 49
we decided to use members of Senior Citizens - o8 a5 283
Association as the vehicle of the survey, 98.2% Total

of the respondents were 60 years of age at the % Tanabe includes Shinjo
time of the survey, and this is one of the rea-

sons why women's percentage was relatively high'Sex Male I Female J
Nearly 30% answered that their household had 5% 635%
consisted of 7 or more members back in 1946 , ;Hgo_ S .
and this large size of families could be ex- Age 8 262 570 9.4
plained partially by the fact that many demo-

bilized people were temporarily staying at Housholdf 2153; 7'-64};.91:50“5 l 2730 l

their relatives' homes in the period immedi- :
ately after the end of the Second World War. Fig. 2 Respondents' P(_arsonal Attri-
Neary 60% of the respondents said that they butes at the Time of the EQ.
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had been living in the communities in Table 3 Correlation between the Age and

question even since 1910', and this the Number of Casualties
shows that most of them were born and Age | Dead [Serious|Slight |NotInj.| Others| NA. | Total
grew up in these communities. o - & 7 ) 0 166 ) P 181
Housing and Damages to the Dwellings 5- 9] 2 1 0] 124} 0 31 130
With regard to the respondents' homes, |10 — 19| 3 0 3| 176 0 7| 189
practically all had lived in homes 20 — 29 1 0 8 144 0 11 164
rzadglof' wc'x;d. h?iz iived ir11 single- 30 - 39] 3 1 6! 189 ol 17| 216
amily units while were living in
tenem:nt houses and 1 in an apagtment. 40— 48 3 2 2| 1o 0 12| 128
33 said their homes were also serving |90~ 59 0 0 0 64 0 0 64
as stores, while 3 did not fit in any (60— 69| © Y 2] 64| 1 1 68
of these categories. As to the owner- |70 — 79 3 0 0 29 1 2 35
ship, 233 owned thel:r houses and 37 80 — 1 0 0 10 o 2 13
vf:ere.te.anants(lncludlpg-those who lived Total 3 %1 21 [1076 2 63 | 1189
in civil-servant dwelling units). 138
(50.2%) of these houses had one )
floor only(the ratio is to the ;:t:::tC::ltupse 1:“3
total meaningful responses rather
than to tota? numberpof respondents Washed away . —
since some of them did not always  Seriously Damaged by Flocggﬁs_—‘—__]ﬁ
supply answeres to every specific  Flooded aboveFloor Level 195
questions). 137(49.8%2) houses had Flooded belowFloor Level ——12
two floors. Cracks in the Wall — (]

Inclined — ]

Fig. 3 shows the varying Many Roof Tiles Falling down [In1

degree of damages to the respond- Not Damaged —%
ents' houses. 13 said their houses 0 50 100
collapsed by the earthquake, while Number of Houses
95(34.5%) said that the tsunami Fig. 3 Damages to the Dwellings
submerged the floor. Moreover, large Table 4 Number of Casualties

number of houses were simply washed
away, and this means that 66.2% of
houses were damaged or lost due to the | Male

Dead [Serious|Slight | NotInj.| Others| N.A. | Total
9 2 8 | 515 1 34 | 569

tidal wave. The earthquake also Female 14 2 13 | 568 1 34 | 632
caused a fire at Susaki and destroyed Unrknown 0 0 0 2 0 3 5
9 homes, and one of the respondents Total 23 %z | 21 | 1085 2| 71 | 1208
was actually hit by the fire. Other-
wise, no major fire was reported in 5 20

s . m
any of the communities. ® H Dead S
Casualties On this g sg:;‘:rs ge_’ A Female
item of our survey, we ® § v Male A--
obtained 283 replies =] Over
and because these © o 60 Years.
covered respondents' © & 10 voo
family members as well, @ o
we were able to gather O0° Pem 20 37
casualty data on the rsons o

@Collapse of house @Fragments of glass

total 1206 persons. ©Falling down from a height 8
Table.a shows the COY- gruniing ®vashed avay by tsunasi 8 ol ,
rel atlgnﬂtietweer; thef @truck by drifting vood and boats 0 50 100
age an e number o @O0thers+Unknown
casualties. The death Fig. 4 Number of Dead and Age(Years)
rate was 3.9% of those Injured Persons Fig. 5 Change of Death Rate
aged 0~4, 1.6% for from each Cause with Age

those between 5 and 69, and 8.3% for those aged 70 years or more. This shows that
the casualties were high among the very young and the old. On the other hand,
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injuries were most frequent for those between 16
PN Bl Mal [ Female
and 69. These data are characteristic of casual- -

ties caused by tsunami as survival and safety ® Keeping stilt

depend on the speed of evacuation. According to @ Being unable to Move

the Reference 1, the victims of tsunami at Susaki ©) Putting out aFire

were all women, children and the old. A number of . .

women perished with their children. 1In fact, ® &um?nmgFuHM?m

among those 36 confirmed victims, 26 were women, ® Opening a Door/Window

while the rest 9 were either at least 60 years old © Getting under a Table

or 15 years or less. Thus, there were no death @ Going out Doors

for males between 16~60 years old. Moreover, acc- Protecting Small Children/

ording to the Reference 2, 53 died or disappeared ® Others  Aged Persons

in Mugi, and of these, 21 were men and 32 were L

women. The list of victims in the Reference 3 0 . 50 o 100

shows that of those 85 deaths in Asakawa, 28 were Relative Frequency (‘%)

men and 57 were women. Table 4 shows the number Fig. 6 Human Behavior

of casualties for both sexes, and we can see that during Shaking

the mortality and casualty ratio for men were 1.6% .

and 3.3%, while those for women were 2.2% and 4.6%, @ Going back Home I

respectively. Clearly, women are more vulnerable. (o Taking Refuge

® SeekingFirst Aid for Oneself

In Fig.4, we showed the breakdown of casual- ® S First Ald for Earl

ties according their causes known as the result of eekingFirst Aid for Family

our survey. We notice that a large number of peo- ® Helping Other People

ple were killed while trying to escape from tsunami ® Resetting Things

either as they were drowned, or hit by woods or @ Putting out aFire

boats and so on. Six were injured when their Fighting a Fire

houses collapsed, of which 2 due to the tidal wave ® Going to Seashore

and not the earthquake itself. Injuries were most e

frequent on lower limbs. The main reason for this ﬁ@ Others

is thought to be that the earthquake occured be- 100

fore dawn at 4:19 a.m. and immediately cut off RdahveFTequency(VJ

power supply, so people had to move in the dark Fig. 7 Human Behavior

frantically seeking the escape. As to the types after Shaking

of injuries, most of minor injuries were scars and incisions, while more serious
ones came from contusion, sprain, dislocation and fractions. Drowning, as men-
tioned earlier, was the most prevailing cause of the death.

on the other hand, data by the official announcements also show the tendency
that children and elderly people were killed at a higher rate(Fig. 5). And, a
characteristic of this figure is that those in their 30's women suffered death at
a rather high rate because of helping their children.

BEHAVIOR DURING AND AFTER THE EARTHQUAKE

Fig. 6 shows the result obtained from multiple responses on the behavior dur-
ing the earthquake. Since there were 283 respondents, this means that they took
more than one but less than two actions on the average. What is meant by "shak-
ing" here is perhaps a little ambiguous, but if we add @ and @ of the answeres,
then we can say that 52 of males(30.2%) and 96 of women(36.63%) were more or less
unable to move. As to the positive behaviors, male shows higher degree of activ-
ity for almost all of the items,while ® ---attempts to protect children and the
aged---shows women were more active. Thus tells us that women were talking care
of the young and the old in the household and they did the same when the earth-
quake took place quite naturally.

According to Fig. 7, 41.3% of males and 73.9% of females started to take
refuge after the shaking had stopped. An interesting fact is that 22.4% of males
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say they went to the shore to take a look at the sea. Our survey could not find
out if this behavior had any consequence in terms of the number of victims, but we
should know at least that such a behavior, while natural for those whose life is
inseparable from the sea, could lead to a grave danger at a major earthquake foll-
owed by tsunami. When the earthquake happened, 17 were not at home, including one
who was fishing on the sea, of whom 13 returned home immediately after the seisnm.

Fig. 8 -1 shows the courses of evacuation at the hardest-hit area of Susaki,
together with the zone submerged by tsunami indicated in the Reference 1. From
this figure, it can be seen that almost everybody headed toward the hills located
to the north of the town, and more specifically to the shrine or the temple. The
town faces the open sea to the south while the north side is hilly. In consequ-
ence, the people were conscious that tsunami must come from the south, and this
explains their behavior. Unfortun- . ] 7 N =
ately, however, the Nankai tsunami by
swept first the port extending from the | Vs
east to the north ride of the town, and | &
the returning tide their hit the town “N,
from the north. In consequences, and
particularly around the railway sta-
tion, a number of people who were try-
‘ing to move north saw their way of es-
cape cut off by the tide, and perished.

Fig. 8-2 and 8-3 shows courses of
escape for Mugi and Asakawa, respect-
ively. 1In Fig. 8-2, we also showed,
using the data contained in the Refer-
ence 4, the areas where water reached .
1m above the ground level. Both fig-
ures shows that the people of Mugi and =
Asakawa also tended to seek refuge at
surrounding hills, and that their B
courses of movement were heading either
the shrine or the temple, just as the
case of Susaki. Historically, all of

R

Fig. 8 The Courses of Evacuation 3. Asakawa
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these three communities we

surveyed had met several Immediately after the EQ. 97
tsunamis caused by major earth- Within 15 Minutes ot
quakes and for this reason, the R .

temples and shrines located of Within 30 Minutes S———

higher places had long been Within 1 Hour 10

known to be the safe places. Not Taking Refuge —

Many people in fact had these 0 Sb 100
places in mind as the site to Persons

take refuge in case of tsunami.

Moreover, as Fig. 9 shows, Fig. g Time When Respondents Started to Escape
people started to do so fairly .

promptly after the earthquake. Tidal Wave did not Arrive 153

According to the data, more
than 70% started to leave their Water Level up to the Ankles—134

house within 15 minutes follow- ‘ater Level uptotheKnees 117
ing the earthquake, while acco- Water Level upto theWaist [112
rding to Fig. 10, 65% of people Water Level uptotheBreast[19

said the tidal wave did not Beyond One's Height T

arrived yet when they started .

to escape. We see also that Y 100 200
some places were so congested Persons

by refugees as to cause confu- Fig. 10 State of Flood at the

sions(Ref. 1). Time of Taking Refuge

on the other hand, however, the Reference 1 states that in Susaki, the first
of the tidal waves hit the town 10~15 minutes after the earthquake and that the
tides returned 6~7 times with the frequency of 20 minutes or so. This description
leads us to assume that quite a few people were endangered while they were on
their way to the places of escape.

CONCLUSION

From the survey, we now know that small children, the old and women were the
main victimes of Nankai Eathquake. It should be remembered that this trend is
not the characteristic of those earthquakes accompanied by tidal waves, but it is
common to all other major earthquakes such as Mikawa Earthquake(which is remark-
able in that the mortality ratio was extremely high in terms of the number of
buildings collapsed) and Fukui Earthquake(which registered VII J.M.A. intensity).
It can therefore be presumed that under these almost boundary conditions, slight
difference in the survival capacity due to physical force and other factors be-
come decisively important.

In closing, we would like to express our sincere thanks to Dr. Shunkichi
Kosaka and Dr. Keishi Shiono of Tokyo Metropolitan University for their valuable
advice. Our deep thanks are also due to the public bodies of the local communiti-
es, members of the senior citizens' association were indispensable for our survey.
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