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status updates, using the records measured at these points.

This definition is considered most appropriate from a
scientific standpoint. If we use this definition strictly,
however, we cannot use the term “tsunami height” in
inland areas or on the sea. It is hoped that we will be able
to understand descriptions in old documents or observa-
tions by local people living in coastal areas, including
fishermen working on the sea, who use the term “tsunami
height” simply as the level of the uplifted water surface
from the level of the normal land or sea surface. On the
other hand, scientific terminology should be used; offi-
cially and interdisciplinary in planning by local offices or
governmental departments, for example, or broadcasting
on a city-town-village scale by local offices and also on a
national scale by the media, or in recording or discussing
counter-measures to tsunamis.

Also, in the case of international cooperation by
volunteer groups, researchers, policy makers, and offic-
ers, differing terminology needs to be recognized first.

2.2 Other terminology related to tsunamis

Figure 1 illustrates terminology related to tsunamis
(Japan Meteorological Agency, 2012). “Height of trace”
is used mainly on the mountain or hill slopes and valley
side slopes. On the other hand, “height of run-up trace” is
usually the highest point the tsunami reached in valley
bottoms or on coastal plains. Both are expressed by the
level of the ground surface (height above sea level). They
are identical at the uppermost position.

“Depth of inundation” is the depth of the tsunami,
composed of sea water and rubble (materials) originating
from earthquake and tsunami. On the other hand, “height
of inundation” is the difference in level between the
ground surface and tsunami surface. The “height” from
(D) to (J) in Fig.1 is the altitude above sea level. Old
documents, literature, folk lore, local people etc. use the
terms (C) to (F), as “tsunami height” (B). This is also true
in other countries. These conditions should be taken into
consideration when we exchange ideas, plans, support
etc., among international groups.

Another good example can be seen regarding old
tsunami traces, with memorial marker stones built
according to definition (E) or (F) in Fig. 1. They are

found at the upper-most point of (E) or (F). The total
number in Aomori, Iwate and Miyagi Prefectures was
316 as of the year 2000. These memorial marker stones
helped refugees this time, too. It is interesting to note that
shrines locate in most cases at higher positions, tops or
ridges, of hills or small mountains near the coast in
eastern North Japan (Fujimoto, 2014). Past descriptions
of tsunami damages helped to decide the positions
of shrines.

3. Victims of Tsunamis

3.1 Losses due to the tsunami on march 11, 2011

First of all, human losses, expressed by numbers of
deaths and victim ratios, are dealt with in areas at the
scale of cities, towns and villages. To facilitate discussion
of the relationship between human losses and tsunami
height, available data are list in Table 1.

The following facts can be ascertained from Table 1:
(1) The victim ratio was larger in Iwate and Miyagi
Prefectures, except for Ofunato City. In the cities and
towns of these prefectures, the maximum tsunami height
was 15-17 m. (2) Absolute values of numbers of deaths
did not always depend upon the limiting value of
maximum tsunami height, but they were related to the
height in excess of about Sm. The victim ratios were
3%-8%. (3) In Fukushima Prefecture, the victim ratio and
number of deaths were smaller than in Iwate and Miyagi
Prefectures. The victim ratio was about 5 %, even where
the maximum height reached about 20 m. (4) It is thought
that reasons for these differences include the coastal
geomorphology, distance from the epicenter and
population densities in various areas. Further studies on
such threshold values are needed.

3.2 Human problems in the temporary housing

Problems have been occurring among the people in
the new towns and houses built for temporary shelter.
The tsunami resulted not only in a technological and
physical disaster, but also in health conditions and
psychological problems, and even fatalities in extreme
cases.

First, I address problems in construction of the new

Fig. 1 Terminology related to tsunamis (after Japan Meteorological Agency).
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houses, taking an example from Iwate Prefecture, where
the total fatalities and number of people missing reached
about 5,800, with about 24,000 houses destroyed and
about 40,000 people who had to take refuge. One
problem was the speed of construction of temporal
houses for refugees after tsunami. Construction work
started on March 19, 2011, eight days after the tsunami,
and resulted in 13,984 houses being built in 319 new
temporary towns during the subsequent five months. This
delay resulted from land scarcity, because little land was

Table 1 Maximum height* of tsunami, number of deaths** and
victim ratio(%)*** by typical city, town or village

Maximum height Number Victim ratio

Region /area

of tsunami (m) of deaths (%)
Hokkaido — 1 —
Toyokoro Town 43 0 —
Hiroo Town 4.0 0 —
Erimo Town 4.1 0 —
Aomori Prefecture — 3 —
Hachinohe City 6.2 1 —
Iwate Prefecture — 5,086 —
Kuji City 7.8 4 0.06
Miyako City 9.3 465 291
Kamaishi City 9.3 986 8.02
Oofunato City 16.7 414 2.24
Rikuzentakada City 15.8 1,597 11.13
Oozuchi Town — 853 10.97
Yamada Town — 671 6.73
Iwaizumi Town — 10 0.62
Tanohata Village — 17 1.83
Miyagi Prefecture — 10,449 —
Onagawa Town 14.8 607 11.63
Ishinomaki City 7.7 3,510 3.36
Higashimatsushima 5.8 1,115 —
City
Shiogama City 43 44 0.17
Kesennuma City — 1,189 3.40
Nanatsugahama 6.1 78 —
Town
Natori City — 952 7.96
Matsushima Town 29 — 0.05
Sendai City 7.2 907 2.44
Sendai Air Port 12.0 — —
Yamamoto Town — 697 7.68
Minamisanriku Town — 618 6.09
Fukushima — 3,057 —
Prefecture
Soma City 8.9 458 4.39
Minamisoma City 12.2 958 4.83
Namie Town 15.5 422 5.48
Futaba Town 16.5 116 4.23
Ookuma Town 12.2 106 3.64
Tomioka Town 21.1 194 5.21
Naraha Town 12.4 90 1.43
Iwaki City 4.9 416 1.07
Ibaraki Prefecture — 65 —
Kitaibaraki City 6.9 10 —
Hitachi City 3.9 13 —
Ooari Town 5.0 1 —
Chiba Prefecture — 22 —
Choshi City 3.9 0 —
Tokawa/Choshi City 53 — —
Tioka (Asahi City) 7.6 14 —

Data source:
*  <http://www2.tten.ne.jp/honkawa/images/4363b.gif>
**  Fire Prevention Agency
*#% Ushiyama & Yokomaku (2012) :Data on human damage
(victim Ratio) expressed by [(Number of death and missing
person)
/ (Population in the flooded area)](%).
Disaster Prevention Center, Shizuoka University.
(The number of deaths in each prefecture is the total for all cities, towns and
villages in that prefecture)

available for public use, and the ria-type coastal
geomorphology presented difficulties. Another reason
was that the purchase and sales prices of land for public
use were relatively lower than those for private use
(Toyoshima & Iwahune, 2013).

4. Everyday Life and Health after the Tsunami

4.1 Space and time dimensions in the everyday lives
of refugees

Consideration of the space and time dimensions and
methods of travels between houses and markets or
working places in the everyday important factor is an life
of a refugee. The results of a group study in Miyako City
are shown in Table 2 (Iwahune, 2013).

It must be taken into consideration that a reasonable
distance on foot is about 500 m (2 km max.) or 25 minutes
(max.). This means that, for everyday life, the maximum
distance would be 1 km (because to go and return is
2 km). These distances are almost the same as those of
ordinary life conditions. Problems may arise from
changes in frequency and means of travel.

4.2 Psychological problems

For the purpose of helping victims recover
psychologically from the damage caused by the tsunami,
local groups and governments have planned actions or
events since about one year after the occurrence of the
tsunami.

It was pointed out in Miyako City as of January 2013
that problems needing to be solved from the viewpoint of
human relationships were being observed among the
local residents, who had been living in the area since
before the tsunami on March 11, 2011, and the new
refugee. Similar conflicts have occurred in other cities
and towns between the refugees and officials in local
governmental offices, volunteer groups, etc.

One reason for such behavior is considered to be
psychological stress among the refugees. According to
the results of an interview questionnaire of the refugees,
they experienced the following elements of stress
(Matsumoto et al., 2013): (1)Memory of the tsunami, (2)
Loss of their own house or work place, (3) Difficulty
establishing human relationships in their place of refuge,
(4) Anxiety over their future life, (5) Health conditions,
and (6) Family relationships.

Table 2 Space and time dimensions of people living in the
temporary housing in Miyako City after tsunami on March

11,2011
Type of movement Distance Time
Walking 0 - 500 m (2km) 0 - 25 min.
Bicycle 500 m - 5 km 10 - 60 min.
Motorcycle (Baiku) 1.5-6km 10 - 20 min.
Car 1-8km 5 - 20 min
Bus 2 -8km 7 - 20 min.
Taxi 1-4km 5 - 10 min.

[Data: Iwahune (2013)]
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As has been pointed out by Domroes (2006), socially
marginalized victims suffer ostracism within the com-
munity and feel neglected, discouraged and disregarded
to the point of assuming that their human rights are being
ignored. This feeling spread in Sri Lanka after the
tsunami of Dec. 26, 2004, too.

In Miyako City, events were held once a month from
March 2012 to encourage refugees in their everyday lives
(Nakamura, 2013). Themes of these events included:
cherry blossom viewing, bus excursions to social events,
a Girls’ Festival (Dolls’ Festival on March 3), magic
shows, nagashi-somen festivals (eating noodles drifting
by in gently sloped bamboo-gutters) and others. It is
interesting to note that observing and feeling the changes
in seasons, for example, in cherry trees blossoming and
landscape color changes are important to recovery of a
normal sense of everyday life. It is thought that the
Japanese sensibility (Yoshino, 2009) of reacting to sea-
sonal changes in nature beyond human’ force may help
reduce of psychological stress arising mainly from
human relationships as mentioned above.

Impacts of tsunami disasters on everyday lives of
refugees and societies should be analyzed independently
for the period immediately after the tsunami occurrence
(from first day to one week or one month), medium term
(two-three months) and long term (two-three years). This
is because the problems involving human behavior,
everyday life, societies and economic conditions of the
disaster-stricken regions change in such terms qualita-
tively. For example, the psychological effects on human
life change over time. Details are described elsewhere
(Yoshino, 2014).

5. Local Changes in Commercial Function

Changes in commercial function after the tsunami in
the town of Yamada have been studied intensively
(Iwama et al., 2014). Located between Miyako City and
Kamaishi City, both representative port cities on the
Sanriku Coast, Yamada occupies a narrow coastal area
and suffered serious damage from the tsunami. The total
numbers of deaths and missing persons amounted to 734
and damaged houses 3,353. In the central commercial
area, 80% of the houses and buildings disappeared,
swept away by the tsunami and destroyed by fires on
March 11, 2011.

In Yamada, 49 new communities (1,990 houses in
total) have been constructed and 29.4% of the total
population is living in them now. The distribution pattern
of the population was in the so-called “doughnut-form”
before the tsunami. That is, the population and commer-
cial activities in the town center had already been de-
creasing prior to the tsunami.

People bought their necessities mostly at supermar-
kets managed by local capital in Yamada area or by
capital from Morioka, the prefectural center, in Osawa.
The commercial functions of Yamada were destroyed
completely by the tsunami. This resulted in destruction of
logistic functions and serious food shortages at many

places of refuge. By June, 2011, temporary shops or
mobile shops using small trucks provided food support
for the refugees. These conditions are illustrated in Fig. 2.

Supermarkets are being developed by local capital,
but, in contrast, almost all temporary shops have disap-
peared. Different shopping conditions in New Towns I
and F are shown in Table 3.

Figure 2 and Table 3 show clearly that Temporary
New Town I has supermarkets and private shops in con-
trast to no shops in Temporary New Town F. In other
words, the distances the inhabitants need to travel to
reach food shops and supermarkets are quite different.

In August, 2011, five months after the tsunami, new
supermarkets were opened by local capital. In April,
2012, temporary shopping streets were opened commer-
cially. The number of convenience stores increased
gradually. A statistical study has shown that the aged
people have been going more frequently to convenience
stores than supermarkets recently.

Since the second half of fiscal year 2012, chain stores
have been opening in the suburbs of Yamada, because
revival of the central shopping streets has been delayed
and, in contrast, centralization of commercial functions
has become tangible with suburbanization progressing
(Iwama et al., 2014).
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Fig. 2 Accessibility from temporary settlements, New Towns
I and F, to grocery stores in the town of Yamada
(Iwama et al., 2014).
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Table 3 Differences of shopping conditions in the tempory new towns I and F (Iwama et al., 2014)

Temporary New Town I Temporary New Town F

Estimated population 105.3 150.5
Distance to food shops 286.1 m 3,782.6 m
Distance to supermarkets 1,200.3 m 8,257 7m
Single, aged people many many
Original residense Yamada Town mainly Tanoura
Occupation fishermen or 2"/3™ industry fishery industry
Shopping:

by car local supermarkets local supermarkets and “Michi-no-eki”

without car walking to local supermarkets buy at small truck-shops (fishes and sea products)
Problems heavy to carry from shop to home  difficulties of shopping, increasing number of people

built private house, delay of recovering fisheries,
outflow of younger generation

[Note: Translated from Japanese by Yoshino]

6. Fires

6.1 Fire and human life

The Japanese people have been aware of the severe
damage caused by fires after heavy earthquakes and
tsunamis in coastal areas. The memory of downtown
Tokyo burning down completely due to fires which
lasted over 40 hours after the Great Earthquake (Kanto
Daishinsai) which occurred on September 1, 1923, is still
clearly maintained in people’s memory. The fire resulted
in a great number of fatalities, with more than 65,000
people dead or missing. Studies on the behavior of fires
are important not only from a technological standpoint
for preventing damage, but also from the standpoint of
the environment for human life.

In 1933, in the case of the Showa-Sanriku tsunami,
199 fires occurred in the same coastal region discussed in
this paper. To these, experiences can be added the case of
2011.

6.2 Fires caused by the tsunami in 2011
After the 2011 earthquake and tsunami, about 380

fires occurred in the damaged area and on the sea surface

along the coast. Their characteristics are summarized as
follows:

(1) Collapsed structures, buildings, and houses were
densely distributed,

(2) Damaged oil tanks were distributed throughout,

(3) Drifting cars, LP-gas tanks and fishing boats accu-
mulated, providing fuel and sparks between their
batteries and sea water as sources of fire, and

(4) Pebbles and soils are also thought to have strength-
ened the drifting or invasive force of the tsunami.
According to one study, 160 fires occurred due to the

tsunami of 2011 and the total area burned amounted to

78.4 ha as shown in Table 4.

The scale of fires at an early stage immediately after
an earthquake is small, but they develop on a large scale
when a lot of flammable material accumulates in coastal
areas. It makes firefighting by local citizens difficult
(Meguro, 2013) and the force of fires is intensified

The occurrence of fire depends upon the population,
too. The greatest number of fires, 137, was observed in
Sendai, at the center of Miyagi Prefecture, which has a

Table 4 Occurrence of fire after the tsunami and earthquake on
March 11, 2011.

Region Fire caused by
tsunami carthquake

Aomori Prefecture 5 cases 6 cases
Iwate Prefecture 29 18
Miyagi Prefecture 99 45
Fukushima Prefecture 12 21
Ibaraki Prefecture 9 28
Chiba Prefecture 5 14
Tokyo Metropolitan — 35
Kanagawa Prefecture — 10
Saitama Prefecture — 12
Gumma Prefecture — 7
Tochigi Prefecture — 7
Total 159 203

population of 971,000. Locally, a particularly great

number of fires, 24, was seen in Ishinomaki City, with a

population of 120,000.

Referring to the results of an investigation by the
Japan Fire Prevention Society’s Committee on Earth-
quakes and Fires (2013) and a previous study by the
author (Yoshino, 2013 b), fires in cities, towns and ports
just after a tsunami can be summarized as follows:

(1) Fires occurred due to diffusion of flammable materi-
als, which are transported along the coast by the
tsunami and accumulate there, forming there a thick
layer. Because it is difficult to evaluate the total
amount of accumulated materials in a short time, it is
almost impossible to plan firefighting strategies.

(2) Strong fires mostly occur due to destruction of oil
tanks, located along the coast. In the case of
Kesennuma City, four major fires occurred and
spread over the bay with flaming oil. They came
ashore in urban areas.

(3) Fires occurred at oil industry complexes in regions
relatively distant from the epicenter. For example, a
fire occurred in Ichihara City, Chiba Prefecture,
located on the coast of Tokyo Bay. Many large and
small natural gas storage tanks at the oil refineries
exploded and became sources of fires. They took ten
days to be completely extinguished, lasting until
March 21, 2011.

(4) Many cars and fishing boats drifted with the tsunami,
causing fires. Namely, electric leakage from their
engines and lights and outflow of fuels from their
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tanks become sources of fires. In some cases, cars
abandoned by people escaping on foot from traffic
jams cause fires.

(5) People need to move to secondary refuges from the
primary refuges to which they first evacuated when
fire is approaching. In such cases, new plans for
evacuation should be made immediately and
measures should be taken to prevent fire from
spreading in these areas. This is not an easy task for
local firefighting groups.

7. Concluding Remarks

Summarizing the above, the followings can be said
regarding on the impacts of tsunamis on human lives and
societies:

A more intensive and interdisciplinary discussion of
the terminology of tsunamis should be made considering
international viewpoints. It is important to develop plans
and take action for disaster prevention by technological
means, considering evacuation, education, and everyday
life of the local people. Also, in the case of international
cooperation by volunteer groups, researchers, politicians
and officers, differences in terminology need to be rec-
ognized first.

Other fields that should be studied more intensively
include planning for education and activities at schools
and homes. More analysis is needed of psychological
conditions and hygienic problems in places of refugee at
working places, including those of farming and fishing,
and shopping facilities for everyday life.

Constructions of new dykes and other structures for
refugee evacuation needs to be discussed further from the
standpoint of people’s needs, protecting cultural property,
maintaining festivals, ethnological events, etc.
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