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In the last two decades, three great earthquakes have
occurred in Japan: the Hanshin-Awaji earthquake of
1995, the Mid-Niigata earthquake of 2004, and the
East Japan Earthquake of 2011. After the East Japan
earthquake, a devastating tsunami caused significant
casualties and home destruction. More than 18,500
people were killed and more than 121,000 homes were
destroyed. In addition, the tsunami destroyed nuclear
power stations, which resulted in a severe crisis not
previously experienced in Japan.

On the other hand, earthquake disasters on a huge
scale have been announced to occur as probability
of about 70% in the next three decades. One such
earthquake is Tokyo inland earthquake that destroys
610,000 homes and kills 23,000 people, and the other is
the Nankai Trough earthquake that destroys 2,380,000
homes and Kkills 320,000 people. In addition, com-
pound disasters where one disaster merges with an-
other disaster may cause damage on a mega scale in
this century.

In order to address these mega disasters, it is very im-
portant to make efforts to reduce damage in the pre-
disaster period. According to local plans for national
resilience, each municipality must make efforts to re-
duce level of damage which is able to response trough a
Business Continuity Plan (BCP). In addition, each mu-
nicipality must implement long-term urban projects
with a vision toward reconstruction after a mega dis-
aster trough a pre-disaster recovery and reconstruc-
tion plan. It is necessary to make revolutionary efforts
rather than standard disaster management efforts to
reduce damages in the pre-disaster period.

Keywords: National crisis, Compound disaster, Earth-
quake, Tsunami, Pre-disaster recovery, National Re-
silience Plan, Business Continuity Plan

1. Prologue

In 1995, the Southern Hyogo earthquake caused the
great Hanshin-Awaji earthquake disaster in and around
the current Japanese metropolitan area of Kobe. More
than 1,200,000 homes collapsed and burned and 5,500
people were killed. Various urban facilities such the
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Shinkansen railway, other railways, subways, urban high-
ways, high rise buildings, and service systems for power,
gas, water and communication were destroyed. This was
the greatest disaster is the great disaster since the Ise-wan
typhoon disaster of 1959, in which more than 5,000 peo-
ple were killed. Since that time, it has been said that the
21% century would be a century of huge disasters in Japan,
in contrast to a relatively calm latter half of the 20" cen-
tury.

Since 2000, earthquake disasters have occurred almost
every year, and several typhoons have come to Japan. For
example, the Tohoku Pacific offshore earthquake, with a
magnitude of 9.0, occurred along with a severe tsunami
n March, 2011. This great earthquake shook the Eastern
half of Japan from Hokkaido to the Tokyo Metropolitan
region. A the maximum Japanese seismic intensity of 7
degrees was recorded in Kurihara City near Sendai City
and although damage to buildings was not severe dam-
age was sustained throughout a large area. More than
270,000 homes were nearly destroyed and, approximately
120,000 homes destroyed by the tsunami. Approximately
15,000 people of them were killed and missed by the
tsunami, although more than 18,500 people were killed
and missing totally. The scale of this disaster was not
under-assumption but over-assumption. However, it was
not considered the scale of a national crisis.

The intensity of the disaster is not measured on the
scale of damage but the ratio of damage. From this point,
the indicator of the intensity of a disaster is defined by the
ratio of the number of people killed to one million of the
national population on each historical devastating disas-
ter. In the history of disasters in Japan, we can find disas-
ters more severe than the East Japan earthquake. Accord-
ing to Table 1, although the ratio of the Hanshin-Awaji
earthquake is 43 and that of the East Japan earthquake
is 146, we found six disasters with a ratio of more than
200. These include two earthquakes and tsunamis in the
17" century, three earthquakes and tsunamis in the 19™
century, and one earthquake in the 20" century. The most
recent of these disasters was the Kanto earthquake in 1923
that caused conflagrations in Tokyo and Yokohama. Ap-
proximately 70,000 people of 105,000 people who killed
were caused by these urban fires. The collapse of houses
killed 35,000 people primarily in Kanagawa prefecture,
where was shaken severely upon the hypocenter. During
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Table 1. Devastating and compound disasters experienced throughout Japanese history and those with potential to occur in

the near future.

A: National B: Number of Victim ratio

Name of Disaster Year Population victims A/B (persons Note
(million) (person) per million)

Jogan Sanriku tsunamil) 869 6 1,000 167 Nihon trench
Nankai earthquakez) 887 6 many - Nankai trough
Keityo Tokai & Tonankai eaﬂhquake2> 1605 12 2,500 208 Nankai trough
Keityo Sanriku tsunamil) 1611 12 6,800 567 Nihon trench
Genroku Kanto earthquake 1703 28 5,200 186 Sagami trough
Hoei Tokai & Nankai erathquakez) 1707 28 4,900 175 Nankai trough
Ansei Tokai & Nankai earthquakes3) 1854 33 20,000 67 Nan-kai trough
Ansei Edo earthquake®) 1855 33 10,000 33 Inland quake.
Meiji Sanriku tsunamil) 1896 42 22.000 524 Nihon Trench
Kanto earthquake 1923 60 100,000 1667 Sagami trough
Syowa Sanriku tsunami 1933 68 3,100 46 Nihon Trench
Air bombing of World War II 1945 72 331,000 4597 115 burnt cities
Ise-wan typhoon 1959 94 5,100 51
Hanshin-Awaji earthquake 1995 126 5,500 43 Inland quake
East Japan earthquake and tsunami 2011 127 18,600 146 Nihon trench
Tokyo Inland earthquakes) ? 120 23,000 192 Inland quake
Nankai Trough earthquake®) ? 120 323,000 2692 Nankai trough

A: Historical population until the 19™ Century was estimated using the data from Syakai-kougaku kenkyujo (1972). Current
population was estimated by the author from the National Censuses.

B: The number of victims was based on the Chronological Scientific Tables of 2015.

A/B: The victim ratio was calculated as the number of victims per one million people from the national population on each year.

1) A tsunami caused by an M.8 class earthquake that occurred near the Nihon trench repeatedly attacked the Sanriku region which
is located in the Pacific Coast region of North-east Japan. Most of damage was caused by tsunami rather than the earthquake.
The earthquake disaster in this region was thus attributed to a “tsunami” rather than “earthquake.”

2) Great M.8 class earthquakes occurred repeatedly near the Nankai trough along the Pacific region of West Japan. The earthquake
disaster in this region was attributed to an “earthquake,” because the damage was caused not only by the tsunami but also by

tremors throughout the region.

3) The M.8.4 Ansei Tokai earthquake occurred near the Eastern part of the Nankai trough on December 23, 1854. Thirtytwo hours
later, the Ansei Nankai earthquake occurred in the Western part of the Nankai trough on December 24, 1854. The scale of
damages increased broadly and significantly as a result of the earthquake. This is an example of a “compound disaster.”

4) This earthquake with an estimated magnitude of M.7.07.1 occurred below the Center District of Edo in 1855, 10 months later.

Almost all damage was caused by a tremor.

5) Central Disaster Management Council, Working Group for Measures for the Tokyo Inland Earthquake (2013a, b, c, d).
6) Central Disaster Management Council, Working Group for Measures for the Nankai Trough Earthquake (2013a, b, ¢, d).

that time, the national population was almost sixty mil-
lion — half the present population — and the 70,000 people
killed by conflagration reached more than 1 percentage of
a national population. The ratio of the Kanto earthquake
reached 1667 as eleven times of that of the East Japan
earthquake disaster.

However, war is certainly more devastating than na-
tional disasters. During the World War II, 115 cities
were burned from air bombings, including atomic bombs
dropped in Hiroshima and Nagasaki. In total, more than
63,000 residential hectares and more than 2.3 million
homes were burned, and 331,000 civilians were killed.
The ratio here reached 4,597, one hundred times that of
the Hanshin-Awaji earthquake.

In the 215" century, it has been said that we will expe-
rience earthquakes greater than those that we have expe-
rienced in the postWorld War II period, although mem-
bers of Japanese society will be aging and population will
decrease. In addition, not only will the scale of disaster
grow, but compound disasters will also continue to occur.
For example, if a great typhoon follows one week after a
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great earthquake or if multi great earthquakes occur, the
scale of damage will increase more the damage from one
disaster alone. After an earthquake that damages river
banks and drainage systems, a rather small typhoon can
cause significant damage by flooding.

In 21% century Japan, we must prepare for greater dis-
asters and implement measures to reduce damage.

2. Five Years of East Japan Earthquake and
Present Condition of Recovery Process

The East Japan earthquake is the fifth mega earthquake
of magnitude 9.0 or greater that has occurred in the world.
This earthquake shook Japan broadly but was not that
strong. Almost all of the severe damages was caused by a
huge, wide tsunami that struck coastal areas from Hachi-
nohe City in Aomori prefecture to Asahi City in Chiba
prefecture. The tsunami rose inland over banks in these
coastal areas. In the three severely damaged prefectures
of Iwate, Miyagi, and Fukushima, more than 40 local gov-
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ernments were severely damaged and were reconstruction
plans.

In Fukushima prefecture, two nuclear power stations
were struck by the tsunami and the first Fukushima Nu-
clear Power Station lost the electric power to control the
atomic piles. These reactors were severely damaged and
they collapsed and exploded. As a result, many local gov-
ernments in the Northwest region of the nuclear power
stations were polluted with radiation. The 11 polluted
local governmental areas were designated as evacuation
zones and all of the residents of these areas had to quickly
evacuate to neighboring areas. A year later, approxi-
mately 60,000 people moved from Fukushima to the other
prefectures. In March 2016, five years after the East Japan
earthquake, more than 43,000 people continue to live in
those outside prefectures.

In Iwate and Miyagi prefectures, a tsunami severely
rushed the coastal areas. In the tsunami flood zones, ev-
erything was completely destroyed. All urban functions
were extinguished in the flood zones and all of the build-
ings and homes collapsed as a result of the twometers high
tsunami. In total, damage from the East Japan earthquake
resulted in nearly a complete loss of 122,000 homes and
18,600 people. More than 80 percentage of these total
loss and killed were caused by tsunami.

In the affected inland areas, approximately 260,000
homes were nearly destroyed by shaking and liquefaction.
Especially in lowland, life line systems for water, gas,
electric supplies, and tele-communication were halted for
quite a long time due to liquefaction.

In the Tokyo metropolitan region, all of the high-rise
buildings and especially super high-rise buildings more
than 100 meters-high continued to tremble slowly and
largely for eight minutes or more. All of the railways
were stopped automatically for safety checks in 14:46 on
Friday, when the earthquake occurred. During this time,
many people left their homes. It is estimated that the
two of thirds of residents in Tokyo metropolitan region
left homes in an afternoon of the weekday. The number
of total residents in Tokyo metropolis is thirty-five mil-
lions. More than five million people of trippers and com-
muters, including business men, laborers, students, and
others were unable to return home, because every traffic
service was stopped for the safety checks, those were con-
tinued in more than ten hours. Many people must stay in
central area of Tokyo in that night.

In the five years since the earthquake, the coastal areas
damaged by the tsunami and the areas polluted by radia-
tion from the Fukushima Nuclear Power Station accident
have not yet recovered. How has the recovery and recon-
struction progressed in the last five years? An image of
the movement of victims of the tsunami and the recovery
and reconstruction process in the coastal areas damaged
by the tsunami is shown in Fig. 1.

In the first year, each local government implemented
quick-recovery measures involving the construction of
evacuation shelters and temporary housing and the draft-
ing of a recovery and reconstruction vision and plan.
However, local governments were unable to promote re-
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Fig. 1. Image of victim’s movement and reconstruction pro-
cess during the five years in Tsunami affected areas after the
East Japan earthquake. (Nakabayashi 2014).

construction projects because the central government de-
layed to establish the schemes of recovery and reconstruc-
tion, reconstruction measures and a promotion system. In
February of 2012, 11 months after the earthquake, a Re-
construction Agency was established and 40 measures for
various recovery and reconstruction projects were estab-
lished for local governments.

In the second year, every local government was fol-
lowing the Reconstruction Plans according to the recon-
struction vision and the general and financial plans. In
addition, they started to negotiate with landowners for
the purchase of reconstruction site. As a result, land
surveys and the other preparedness measures for recon-
struction projects could not commence yet in the second
year. These negotiations were not easy and required many
months to complete. In spite of significant support from
the local governments in every prefecture, few reconstruc-
tion projects for the development of new housing sites in
the highlands and land reclamation and readjustment to
industrial sites in the lowlands did not start until the third
year.

In the fourth year, the basic projects such as the recon-
struction of affected lowland areas and new development
in the highlands commenced simultaneously. These ba-
sic construction projects continued into the fifth year, the
last year of intensive reconstruction period. Significant
amounts of mud were removed from the mountainside to
the lowlands near the sea. Because the mud from the de-
velopment of housing sites in the highlands was used as
reclaiming material in lowlands, both basic reconstruction
projects were implemented at the same time. Therefore,
in these five years, industrial and business facilities were
not fully rebuilt in the tsunamiaffected zones. This means
there are few jobs available in the coastal areas. Many
young people have moved to metropolitan region includ-
ing Sendai city and neighboring cities to get jobs. They
live in public housing or in private rent-free homes for
victims of the natural disaster subsidized by the National
Government through the Disaster Relief Law. However,
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Table 2. Population trends in the five years after the tsunami following the East Japan earthquake in
the affected coastal areas of Iwate, Miyagi, and Fukushima prefectures.

Number of areas by population trend

+3.406.0% 3
+0.00 3.3% 3
—0.00 —2.5% 2
—2.60 —5.0% 6
—5.10 =7.5% 4
—7.60 —10.0% 6
—10.10 —15.0% 3
—20.10 —4.% 6
—99.10 —100% 7
Total of affected coastal areas 42
Number of population decrease —156,182 p.
Number of population increase +50,041 p.
Total number of population change —106,141 p.
Area of population increase, ratio and number
Rifu town +5.6% +1,887 p.
Natori city +4.9% +3,585 p.
Sendai city +3.5% 436,199 p.
Iwaki city?) +2.1% +7,095 p.
Soma city? +2.0% +758 p.
Iwanuma city +1.2% +517 p.
Area of population decrease, ratio and number
Shinchi town®) -0.0% -4p.
Tagajo city -1.5% -932 p.
Kuji city -3.3% -1,228 p.
Watari town -3.6% -1,247 p.
Shiogama city -4.1% -2,295 p.
Matsushima town -4.4% -661 p.
Tamura city? -4.8% -1,922 p.

Tomioka town?) -100.0% 16,001 p.
Okuma town") -100.0%  -11,515p.
Futaba town") -100.0% 6,932 p.
Namie town") -100.0%  -20,905 p.
Tioka Village!) -99.3% -6,168 p.
Kuzuo village!) -98.8% -1,513 p.
Naraha town? -87.3% 6,724 p.
Onagawa city -37.0% 3,717 p.

Minami-sanriku town -29.0% 5,054 p.
Kawauchi Villagez) -28.3% =799 p.
Yamamoto town -26.3% -4,390 p.
Ozuchi town -23.2% 3,544 p.
Hirono town3) -20.0% -1,095 p.
Minami-soma city!) -18.5% -13,145 p.
Rikuzen-takada city -15.2% 3,543 p.
Yamada town -15.0% 2,791 p.
Kesen-numa city -11.7% 8,572 p.
Noda village -10.9% -505 p.

Tanohata villge -9.9% -382 p.
Fudai village -9.5% -292 p.
Iwaizumi town - 8.9% -965 p.

Shichigahama town -8.7% -1,765 p.
Ishinomaki city -8.5% -13,590 p.
Higashi-matsushima city - 7.9% -3,385 p.
Kamaishi city 7.0% -2,762 p.
Kawamata town? - 7.0% -1,090 p.
Hirono town -6.8% -1,219 p.
Ofunato city -6.5% -2,669 p.
Miyako city - 4.8% -2,861 p.

1) Local governmental areas evacuated due to radiation contamination and, designated as an alert zones and instructed

evacuation zones that were difficult to return.

2) Local governmental areas including a restricted residential zones, a planned evacuation zones and zones of prepared-

ness for cancel of instructed evacuation zones.
3) Other coastal areas in Fukushima prefecture.

they still must pay all of their living costs. The reconstruc-
tion of industrial facilities is the most important issue for
the revitalization of the victimized population (Fig. 1).

Table 2 shows the population changes in these five
years in the coastal areas based on the National Censuses
from 2010-2015. In Iwate and Miyagi prefectures, the
population of the Sendai metropolitan region including
Natori City, Iwanuna City and Rifu Town increased by
more than 42,000 people. The population in region of
the other local governments decreased over the five years.
The greatest population decrease was found in Onagawa
Town. The population after the earthquake decreased by
37%, as more than 3,700 people left their hometowns
or killed. The second was a 29% decrease in Minami-
sanriku Town, as more than 5,000 people left town or were
killed. The third was Yamamoto Town with a 26% de-
crease and a loss of 4,390 people. The fourth was Ozuchi
Town with a 23% decrease and a loss of 3,540 people.
The fifth was Rikuzen-takada City with a 15% decrease
and a loss of more than 13,100 people.
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In Onagawa Town, Minami-sanriku Town, Ozuchi
Town and Rikuzen-takada City of the five most af-
fected areas, every city hall and town hall was destroyed
severely. Many officers were killed and missing and their
homes were lost or damaged by the tsunami. Especially
in Ozuchi Town, initially, the old town hall was damaged
after violent shaking. Therefore, the mayor and other offi-
cers set up tents for an emergency headquarters in front of
the town hall. approximately 30 minutes after the shaking
began, a tsunami 15 meters high rushed toward the town
hall and killed the mayor and many officers.

These disaster and damage situation were beyond the
expectations of each local government’s Disaster Man-
agement Plan established according to the Disaster Coun-
termeasures Basic Law. They lost not only the town hall
but all of documents, data, computers, and eventually, the
officers and staff members. It was impossible to imple-
ment quick responses for emergency management in the
face of such a huge tsunami. Before the tsunami formed,
the only emergency announcement for evacuation was re-
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peated on a broadcast communication system in each po-
tentially affected area. Many people evacuated to vari-
ous locations in the highlands. More than 15,000 people
failed to escape the tsunami and were killed or were car-
ried far beyond the town borders. Even today, more than
2,590 people are still missing. On the other hand, more
than 3,400 people, 90% of whom were elderly, were killed
during the evacuation period or while living in temporary
shelters. These are considered “disaster-related deaths,”
which means that the emergency period, the evacuation
period, and the temporary shelter period were very dan-
gerous times for victims of the natural disaster.

In Fukushima prefecture, the East Japan earthquake
caused more severe depression than in Iwate and Miyagi
prefectures. The earthquake shook people and homes and
the resulting tsunami rushed in 40 minutes to an hour later.
The tsunami destroyed not only homes but the Fukushima
Nuclear Power Station as well. The nuclear power sta-
tion lost all electric control power and was destroyed by
a hydrogen explosion. As a result, 11 local governmental
areas were polluted by radiation and all residents had to
evacuate multiple times to clean areas. The initial shak-
ing caused homes to completely collapse and the tsunami
rushed into the coastal areas and destroyed homes. Both
shaking and the tsunami completely destroyed 15,190
homes and killed 1,650 people. After the disaster, many
people had to repeatedly evacuate from polluted zones to
the other areas. During these multiple, difficult evacu-
ations, many people, especially the elderly, were killed.
The number of related deaths reached 1,979 by December
2015 (Reconstruction Agency 2015).

In the five years after earthquake, more than 15,000
people were evacuated to other areas in Fukushima pre-
fecture and more than 43,000 people were evacuated
to areas outside of Fukushima prefecture. Each region
in Fukushima is wrestling with the struggles of revital-
ization. However, nearly all residents from radiation-
polluted areas have been evacuated to the other areas and
many people continue to live outside their hometowns.
This is especially true in areas designated as evacuation
instructed zones, where all residents were forced to leave.
Table 2 shows that nobody has live in the four areas des-
ignated as an evacuation instructed zone and the popu-
lation ratios of the other seven areas, which were par-
tially designated as evacuation zones, excluding Kawa-
mata Town and Tamura City, which had very few areas
designated as evacuation zones. As a result of the pol-
lution cleanup progress, the evacuation zones are being
changed to alert zones, difficult to return zones, restricted
residential zones, planned evacuation zones, and prepared
zone of cancel an evacuation instructed zone (see notes to
Table 2).

In the coastal areas, we see severe population decreases
and the rapid aging of the community. Thus, it is a very
important issue whether or not the younger generation
who are from coastal areas and who moved to metropoli-
tan regions and inland urban areas will be able to return
to the coastal areas in near future. If they do not return to
their hometowns, many coastal areas will be exhausted. It
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Fig. 2. Model of the disaster process: damage, response,
recovery, and reconstruction.

will indeed be a local crisis for the autonomy of coastal
areas if it remains difficult for residents to return to their
hometowns now and in the near future. However, reha-
bilitation and revitalization of the Futaba region, which
consists of 11 polluted areas and from which more than
52,000 people were evacuated, shall certainly be realized,
albeit gradually.

3. A Compound Disaster as a “National Crisis”

3.1. Concept of a Compound Disaster

Figure 2 shows a model for disaster response and re-
covery. Some disasters cause direct damage when they
occur and prompt responses against direct damage can re-
duce the expansion of such damage. A speedy recovery
and steady reconstruction can reduce indirect damage. It
is important for a speedy recovery and steady reconstruc-
tion to be glowing the capability of officials and the func-
tions of the local government. If the damage from a dis-
aster exceeds governmental capabilities, such area stands
on the edge of a precipice for citizens.

It has been said that the 21 century will be a century
of mega disasters and compound disasters, which will re-
sult in national crises. The East Japan earthquake was a
compound disaster consisting of two other compound dis-
asters. The first was the compound disaster of the earth-
quake and the tsunami in Iwate and Miyagi prefectures
and the other was the compound of the earthquake, the
tsunami, and radiation pollution in Fukushima prefecture.
The result was double the damage of two individual disas-
ters. The first disaster can cause slight damage as a result
of shaking. However, when a second disaster hits an al-
ready damaged area, the scale and degree of damage will
be larger and more severe than the simple sum of two sep-
arate disasters. In the case of the East Japan earthquake,
the second disaster was caused by a tsunami. However, in
the Fukushima area, a third disaster was caused by radi-
ation pollution, which resulted from the second disaster,
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the tsunami. The third disaster was what caused nearly
all of the related deaths of 1,979 people, which was more
than the number of people killed by both the earthquake
and the tsunami.

We can define two typical phenomena of compound
disasters. The first type of compound disaster is defined
as a “compound disaster with increased damages,” such
as the East Japan earthquake and the tsunami, which in-
volved the same district experiencing repeated damage
from various disasters. An image of this “compound dis-
aster with increased damages” is shown in Fig. 3. Homes
that may be slightly damaged by the first earthquake are
destroyed by the second earthquake, even though the sec-
ond is of the same force as the first because the anti-
earthquake level of already damaged houses are lower
than the level of a normal house.

The second type of compound disaster is defined as a
“compound disaster with synchronous responses” and il-
lustrated in Fig. 4. Disaster responses such relief, rescue,
evacuation announcements, medical services, and so on
are very important local government actions. These re-
sponses can reduce the volume of damage and decrease
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the number of victims, including related deaths. However,
if two disasters occur simultaneously in different parts of
one local government area, the number of official mem-
bers and the amount of necessary materials and facilities
for disaster response might be inadequate. In Japan, lo-
cal governments were merged for rationalization of auton-
omy in the 2000s. After the merger of local governments,
approximately 3,300 local governments were decreased
to 1,700 local governments. This decrease resulted in an
expansion of the governmental territory and a decrease in
the number of officials for rationalization, which resulted
in an increase in the number of residents per official. The
expansion of governmental areas gave rise to the possibil-
ity of suffering from various disasters simultaneously and
the decrease in the number of officials caused a shortage
of manpower for disaster response.

3.2. Imminent Mega Disasters and Mega Damage
Caused by Compound Disasters

As a result of the lessons learned from the East Japan
earthquake, the Central Disaster Management Council
(CMDC) has been conducting new damage estimation re-
search of the two mega earthquake disasters, the Nankai
trough earthquake and the Tokyo inland earthquake. Be-
cause the provability of the Kanto great earthquake, which
is as same as the great Kanto earthquake of 1923, is low,
damage estimations for this earthquake were made only
as a basis for long-term measures.

(1) A magnitude 9.0 Nankai Trough earthquake

The CDMC has announced the provability of Nankai
Trough earthquake of magnitude 9.0 is approximately
70% in next three decades. In 2012 and 2013, the CDMC
conducted new damage estimation research on an M9
class Nankai Trough earthquake based on the lessons
learned from the East Japan earthquake and published the
results. Because the seismic zone of the Nankai Trough is
located under the Pacific coastal areas of West Japan, the
broad coastal districts are shaking strongly as level 7 and
level upper 6 of the Japanese Seismic Intensity Degree
(JSID). In coastal areas as well as the metropolitan areas
of Osaka and Nagoya, where wooden houses are densely
packed, houses can collapse on a massive scale. Shortly
after the collapse of houses, a huge tsunami can strike
these affected coastal areas and serious fires can burn the
wooden houses in these crowded districts.

In the most severe case of the Nankai Trough earth-
quake disaster, the earthquake occurred on a winter
evening, with winds reaching speeds of 8 m/s. The epi-
center was located near and under the islands of Japan.
The M9 earthquake resulted in the collapse of 1,480,000
homes, of which, 750,000 wooden homes were destroyed
by fire and the tsunami completely destroyed 146,000
homes. Approximately 323,000 people were killed — in-
cluding 230,000 people as a result of the tsunami — and
623,000 people were injured (Table 3). Fig. 5 shows
the distribution of building damage including homes that
were collapsed as a result of shaking, destroyed by the
tsunami, and destroyed by fire (Figs. 5 and 6).
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Table 3. Comparison of previous great disasters and future massive disasters.

Nankai trough Hanshin-Awaji

. Tokyo inland East Japan 3
massive 3 great earthquake?)
Items of damage Earthquake great earthquake o
carthquake (CDMC2013Y) (11" March. 2011) (17" January,
(CDMC 2013Y) ' 1995)
Hypocenter Nankai trough Inland earthquake Nihon trench Inland earthquake
Magnitude of quake 9.0 7.3 9.0 7.3
Wind speed & time 8m/s (evening) 8m/s (evening) Calm (afternoon)  3m/s(early morning)
Major hazard Strong shaking After shock fires Tsunami Strong shaking
Death®) 323,000 23,000 18,600 5,500
H ) ) (Tsunami) (230,000) 0 (18,370) 0
uman loss (persons Related?) - - 3,410 930
Injured 623,000 123,000 6,220 43,800
Collapse 1,480,000 198,000 6,800 104,900
Burnt 750,000 412,000 (330 fires broke.) 7,000
Building Damage (houses) Tsunami 146,000 0 115,000 0
Total 2,376,000 610,000 121,800 111,900
Medium - - 278,500 144,300
Refugee (persons) - 2.7 million 470,000 320,000
Cost of rebuilding7) 169,500 billion yen 47,500 billion yen 26.0 billion yen 16,000 billion yen

1) Data is from the damage estimations of the CDMC, Nankai Trough earthquake WG (2013a, b, c, d)

2) Data is from the damage estimations of the CDMC, Tokyo inland earthquake WG (2013a, b, c, d)

3) Data is from the damage report on the East Japan great earthquake from the Fire and Disaster Management Agency, the Ministry of Internal Affairs and
Communications, No. 153, published on March 8, 2016. The number of homes destroyed by shaking and number of homes destroyed by the tsunami
are estimated by the author based on the damage statistics for each local area.

4) Data is from the damage report on the Hanshin-Awaji great earthquake from the Fire and Disaster Management Agency, the Ministry of Internal Affairs
and Communications, final version published in May 2006.

5) Deaths includes those killed directly by home collapse, fire, tsunami, etc.

6) Related deaths mean those caused indirectly by worsening conditions during evacuations, in shelters, and as a result of other recovery processes. Ninety

percent of related deaths involve the elderly. The concept of related deaths was authorized after the Hanshin-Awaji great earthquake.

Building damage per 1 km?

W 500 buildings or more

B 200~500 buildings
100~200 buildings
30~100 buildings
10~30 buildings

M 1~10buildings

<Premise of this damage estimation>

The hypocenter zone is located from Nankai trough to inland side.
The earthquake occurs in evening of winter and wind speed is 8m/s.
The tsunami occurs during high tide.

A tsunami is stronger in the Eastern half of the hypocenter zone.

Fig. 5. Distribution of building damage during a Nankai
Trough earthquake (CDMC 2012).

According to damage estimation research (CDMC
2013a), the implementation of anti-earthquake measures
can reduce home damage. If anti-earthquake measures
are implemented such as retro-fitting old houses built be-
fore 1981, promoting automatic electric breakers, vitaliz-
ing community defense activities including tsunami evac-
uation exercises, and so on, the loss of 2,380,000 homes
can be reduced to 800,000 and the deaths of 323,000 peo-
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Height of tsunami

B 20 ormore (m)

<Premise of this damage estimation> M 10 ~ 20
A tsunami typically occurs during m 5-10
high tide. A tsunami will be stronger 2~5
in the Eastern half of hypocenter 1~ 2

Fig. 6. Height of tsunami during a Nankai Trough earth-
quake (CDMC 2012).

ple can be reduced to 105,000. The CDMC enacted a
new act on special measures for the promotion of Nankai
Trough earthquake disaster management in 2014. Ac-
cording to the act, the CDMC designated 707 municipali-
ties in 27 prefectures as Promotion Areas for Urgent Mea-
sures Against a Nankai Trough Earthquake and 139 mu-
nicipalities in 14 prefectures were designated as Special
Promotion Areas for Urgent Measures Against Tsunamis.
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~ : <Premise of this damage estimation>

“/ The Southern Central Tokyo

> Earthquake will occur in evening of
6, winter with wind speed is 8m/s.)

|

Building damage
per 250m-mesh

M 100 buildings or more
B 50 ~ 100 buildings

30 ~ 50 buildings

10 ~ 30 buildings
M 5~ 10 buildings
1 ~ 5 buildings

Fig. 7. Distribution of building damage during a Southern
Central Tokyo earthquake (CDMC 2013a).

However, the destruction of 800,000 homes and the deaths
of 105,000 people represent the most significant damage
in Japanese history. How can we further reduce this dam-
age?

(2) A magnitude 7.3 Tokyo inland earthquake

The CDMC has also estimated that there is a 70%
chance of another Tokyo inland earthquake with a magni-
tude of 7.3 in next three decades. This estimation has not
decreased since the East Japan earthquake but has actually
increased and includes an aftershock similar to that of the
M9.0 East Japan earthquake. The CDMC conducted new
damage estimation research for a Tokyo inland earthquake
of M7.3. The results of the research were published in
2013. However, the most important characteristic is that it
is unknown where the Tokyo inland earthquake will occur.
Depending on the land use of the area where the earth-
quake occurs, the quantity and quality of damage will be
different. Therefore, 19 earthquake epicenters were es-
tablished for different locations in the Tokyo metropolitan
region. If the epicenter of an M7.3 earthquake is located
approximately 10 kilometers under each city center in the
Tokyo metropolitan region, then the assumed seismic in-
tensity of every location in the epicenter will experience
severe shaking at a JSID level 6 and a JSID level 7 in the
lowland areas of the alluvial plain. This means that every
municipality in the Tokyo metropolitan region must pre-
pare and implement measures against severe shaking from
a Tokyo inland earthquake. Therefore, the CDMC enacted
the Act on Special Measures for Tokyo Inland Earth-
quakes in November 2013 and designated 309 munici-
palities from 10 prefectures as Urgent Promotion Areas
from Emergency and Anti-earthquake Measures. How-
ever, this was enacted on the damage assumptions of a
Southern Tokyo inland earthquake (a toshin-nanbu earth-
quake in Japanese), which is the largest type of earthquake
and causes the most serious impacts on capital functions
(Fig. 7).

Because the construction movement in the Tokyo
metropolitan region has been very active of late, many
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old homes and buildings built before the 1981 seismic
standards were implemented have been demolished and
rebuilt using new, stronger construction. As a result, the
damage to homes and buildings caused by a similar Tokyo
inland earthquake has been reduced from approximately
850,000 homes to 610,000 (Fig. 7).

However, the volume of damage is five times the dam-
age of the Hanshin-Awaji earthquake and of the East
Japan earthquake (Table 3). There is also the potential of
a mega disaster that we have not yet experienced. In ad-
dition, it is important to note that this type of damage will
affect national business functions related to economic, po-
litical, administrative, and international activities.

4. The “Event Scenario Simulation Approach”
to Mega Compound Disasters

It has been said that Japan is the empire of disaster.
Geographically, Japan and the surrounding areas have 7
percent of the world’s volcanic mountains and 20 per-
cent of the world’s earthquakes with a magnitude of more
than 6.0. Additionally, an average of 10 typhoons strike
the Japanese islands every year. The most severe disas-
ter was the Kanto earthquake of 1923, which killed more
than 100,000 people. In the case of volcanos, the 1792
explosion of Mt. Shimabara-Fugendake killed more than
15,000 people. In the case of typhoons, the Ise-wan ty-
phoon of 1959 killed approximately 5,100 people as a re-
sult of a six-meter tidal wave.

In 21% century Japan, the activities of volcanos, earth-
quakes, and typhoons are very brisk. This means the po-
tential for compound natural disasters is rising. If a severe
typhoon strikes the disaster area of a volcanic explosion,
mud flows on a mega scale could occur in the foothills and
on every mountainside. If the ash that falls on the roofs
of buildings gets wet by heavy rainfall, the weight of mud
on roofs could cause the buildings to collapse, especially
on wooden buildings.

If a mega typhoon strikes a metropolitan area where
various damage has already occurred, the total damages
could significantly increase. Many houses damaged by
shaking collapse from strong winds and houses on hill-
sides may crack as a result of shaking and can be de-
stroyed by heavy rainfall. If the shaking or liquefaction
destroys river banks and seawalls, even light rainfall may
cause severe flooding due to the inadequate capabilities of
damaged river banks and seawalls. In the case of rainfall
that does not typically cause flooding, if river banks and
seawalls are damaged by an earthquake, even a little rain-
fall can cause severe flooding in lowland areas. The var-
ious urban functions of metropolitan areas are supported
not only by lifeline systems such as electricity, communi-
cation, water, gas and sewage but also traffic systems such
as subways, railways, highways, and tunnels. These ser-
vices are discontinued for long periods of time after both
earthquakes and flooding.

The tree major Japanese metropolitan areas are Tokyo,
Osaka, and Nagoya, which are all located in lowland ar-
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Fig. 8. Image of a compound disaster from a Tokyo inland
earthquake and related typhoons.

eas near the estuaries of wide rivers. Large-scale and
complex underground spaces have been developed in cen-
tral areas, including subway stations and passages that
connect various facilities through the basements of build-
ings. Flooding from typhoons that occur immediately af-
ter earthquakes, as with tsunamis, stop urban functions
altogether. In Tokyo, urban functions include not only
the central business functions of private companies but the
central business functions of the national government.

Figure 8 is an image of a compound disaster in the
Tokyo metropolitan area. On the damage map of the
Tokyo inland earthquake that destroyed 610,000 homes,
you can see that the track of the Kanogawa typhoon that
struck Tokyo killing 1,269 people in 1958 overlapped.
The Eastern part of Tokyo was flooded not only by a
muddy river that damaged the river banks but also by tidal
waves that crashed over the broken seawalls at the bottom
of the Tokyo bay.

Figure 9 is an image of compound disaster from the
Nankai Trough earthquake and associated typhoons. Os-
aka and Nagoya were destroyed both by seismic motion
and fires after the earthquake. If the tsunami strikes Os-
aka Bay and then Ise-wan Bay, it is not so high. One or
two weeks later, two mega typhoons might strike Osaka
and Nagoya. On the damage map of the earthquake, the
track of the Ise-wan typhoon of 1959 that killed 5,098
people and the track of the second Muroto typhoon of
1961, which killed 202 people, overlapped.

Damage from compound disasters such as those dis-
cussed above is not estimated yet. However, these events
are potential scenarios for which disaster measures can
be implemented. An approach to compound mega dis-
asters was established in the “Event Scenario Simulation
Approach.” During this century, we must prepare to man-
age situations with which we are unable imagine coping.
What situation is the most serious situation? We cannot
estimate the greatest seriousness but we can imagine se-
rious situations. This author has entitled this particular
methodology the Event Scenario Simulation Approach. It
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€ Track of Typhoon

M:Second Muroto Typhoon(1961)

| :lsewan Typhoon(1959)

\ 3} Kf‘* The hypocenter zone is located from Nankai trough to inland side. The
“g"./ earthquake occurs on winter evening with wind speed of 8m/s. A tsunami
which occur in high tide will be stronger in the Eastern half of hypocenter zone.

Fig. 9. Image of a compound disaster from a Nankai Trough
earthquake and related typhoons.

is different from the traditional concept of disaster man-
agement. The concept of disaster management is based on
an estimation of damages with which municipal personnel
and resources can cope. Traditionally, a scale of damage
widely bigger than a scale which can be copped has been
ignored. Therefore, if megascale damages caused by an
actual disaster are bigger than the assumed scale of dam-
age, then it is likely that we will not be able to properly
address these damages. We persuaded ourselves of it is a
situation beyond an assumption and thought that it is very
few case.

However, there is a 99 percent chance that a magni-
tude 9.0 earthquake will occur in North-east Japan in the
next three decades. This was the case with the East Japan
earthquake. Many people, including municipal officers,
national officers, and seismology experts said that the
damage from this earthquake exceeded the basic assump-
tions.

However, it is thought that mega disasters will occur
several times in Japan during the 21" century. Every mu-
nicipality must respond and be able to cope with these
mega disasters. Therefore, we must imagine and assume
the most serious situations in order to draft disaster man-
agement plans using the Event Scenario Simulation Ap-
proach. We must consider various measures to cope with
mega disasters not from earthquake as a cause of disaster
but from situation as an event of disaster.

5. What Measures Are Japanese Municipalities
Taking to Address Compound Disasters?

Compound disasters have occurred in Japan through-
out history. In 2004, the No. 23 typhoon of 2004 struck
Niigata prefecture on October 21, 2004 and heavy rain-
fall continued throughout the night. The mountains of
the mid-Niigata region were very wet but landslides and
flooding did not occur. On the evening of October 23,
the mid-Niigata earthquake with a magnitude of 6.8 oc-
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Table 4. Outline of the municipality survey on compound disaster measures.

Number of answer

Answer ratio

Year  Number of issue
2011 792
2012 792
2013 795
2014 795

384 48.5%
377 47.5%
275 34.6%
277 34.8%

*Objective autonomy excludes cities affected by the East Japan earthquake.

Table 5. Revision of disaster measures in 2013.

Revised disaster measure

Number of cities  Ratio of revision

Hazard map of tsunami 76 27.6%"
Damage estimation of earthquake 70 25.6%
Risk map of earthquake 50 18.2%
Risk map n of tsunami 46 16.7%
Hazard map of landslide 33 12.0%
Assumption of compound disaster for countermeasures. 29 10.5%
Hazard map of flood 29 10.5%
Risk map of landslide 26 9.6%
Risk map of flood 24 8.7%
Damage estimation of typhoon and flood 9 3.3%
There are not important measures that revised. 71 25.8%

*The number of responses from 2013 is 275.

1) This percentage is the proportion of all responding municipalities, not the number of coastal municipalities.

curred. A JSID level 7 was recorded and many landslides
occurred. Because many roads to the city citer were de-
stroyed, several villages were alone. Many people evac-
uated from mountain villages to urban locations due to
heavy snowfall and remained in temporary housing in the
central city for two and half years.

On June 28, 1948, the Fukui earthquake, with a magni-
tude of 7.1, occurred on the Fukui plain. Over 30 percent
of all wooden houses in many villages collapsed. The se-
vere damage ratio was the result of a JSID level 7. In late
July, very heavy rainfall of more than 450 mm over three
days fell on the Fukui plain and in the neighboring moun-
tains. Because the banks of the river were destroyed by
the earthquake one month prior, muddy streams flowed
over the damaged river banks. The earthquake disaster
area expanded due to flooding and the damage augmented
continuously.

During this century, as mentioned in Section 4, it is cer-
tain that several largescale compound disasters will occur
in Japan. How will municipalities prepare for and take
measures against such huge compound disasters? We con-
ducted a questionnaire survey on compound disasters and
anti-disaster measures based on the lessons learned from
the East Japan earthquake (Table 4).

Objective autonomy is all of cities without affected by
the East Japan earthquake.

Hazard means that “power” was the cause of the dis-
aster. Risk is the product of the damage volume and the
provability of the hazard. Table 5 is a revision of the dis-
aster information for preparedness against and survival of
various hazards taken from the lessons learned after the
East Japan earthquake of 2013.

Most of the cities revised the hazard map for a tsunami
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because the most severe damage from the East Japan
earthquake was caused by the tsunami. Almost all cities
located along the coast revised or produced a new hazard
map for a tsunami and distributed it. Additionally, many
municipalities revised the risk map with information for
both earthquakes and tsunamis and distributed it.

The risk maps, which added anti-disaster information,
are often produced through a collaboration with residents
and municipality officials as part of a neighborhood or
community anti-disaster exercise in Japan. This is an ef-
fective way to raise awareness of anti-disaster activities
in a neighborhood or community. However, it is diffi-
cult to implement in every community. Therefore, each
municipality revised or produced various risk maps and
distributed them to every family.

On the other hand, hazard maps and risk maps for land-
slides and floods were not significantly revised. After the
East Japan earthquake, many municipalities implemented
revision measures for tsunamis and earthquakes but not
for other disasters.

In addition, 70 cities revised the damage estimation of
earthquakes. Originally, this revision was implemented
only by major cities because damage estimation research
is costly. Nearly all of the smaller cities used the dam-
age estimation research conducted by the prefecture. This
damage estimation is an assumption for the revision of a
disaster management plan as a basic plan for the munici-
pality’s activities.

Additionally, 71 municipalities answered that there are
no important measures that need to be revised. However,
the compound disaster assumptions for countermeasures
were implemented by 29 municipalities. Based on this
survey, we see that several cities have begun to consider
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Table 6. Addition of measures to address compound disasters in a period 2011-2014.

2011 2012 2103 2014

The measures against compound disaster are not provided yet. 764 % 680% 630% 542%
The measures against compound disaster are added in the disaster management plan. 17.3% 283 % 33.0% 421 %
The others 6.0 % 3.7 % 4.1% 3.7%
Total sum 100.0% 100.0% 100.0% 100.0%
[ 20% 400 0% 0% 100%
(A) N=60 2011 N=384 471% 112,59
(B) N=140 2012N=280 55.4% | 15.4%
(C) N=38 2013N=273 60.1% 13.8%
(D) N=28 2014N=276 52.9% 23.6%
5D =@ =@ =@ D u® =@ =@

(A) The measures against compound disaster are not pro- (D The co-support agreements on disaster are not concluded

vided yet. with any municipality.

(B) The measures against compound disaster are added in
the disaster management plan.

(C) In addition to disaster management plan, the response
manuals against compound disaster are provided.

(D) The others

(D The principal policy of disaster management issue is no
clarified yet.

@ The principal policy of disaster management issue is
clarified in the master plans of various fields.

(® In addition to the above, the plan of comprehensive mea-
sures against disasters is established.

® An ordinance for clarification of the principal policy of
disaster management issue is established and a regula-
tion for implementation of compound disaster measures.

Fig. 10. Relationship between measures to address com-
pound disasters and the establishment of a principal policy
for disaster management in 2014.

the compound disaster issue (Table 5).

The situation of drafting new measures for compound
disasters has progressed during the period 2011-2014. In
2011, 76.4 percent of municipalities had not yet provided
measures for compound disasters. This percentage de-
creased year by year to 54.2 percent in 2014. In contrast,
17.3 percent of municipalities added compound disaster
measures to their disaster management plans. This per-
centage continued to increase year by year to 42.1 per-
cent in 2014. Many municipalities have learned from the
East Japan earthquake that it is important to take measures
against potential compound disasters (Table 6).

This author assumes that municipality capabilities will
grow year by year if a principal policy for continuous
implementation of anti-disaster measures is established.
Fig. 10 clarifies this assumption. Municipalities that es-
tablished a principal policy for disaster management in
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(® The co-support agreements on disaster are concluded
with the neighboring municipality in the same prefecture

® In addition to the above, the co-support agreements are
concluded with the distant municipality, which shall not
be affected by same disaster at once.

@ According to co-support agreements, exchange and ex-
ercises of both officials are done usually.

Fig. 11. Ratio of co-support agreements concluded in a pe-
riod 2011-2014.

various master plans added measures for compound dis-
asters and provided response manuals for compound dis-
asters as well. However, there are very few municipal-
ities that established a plan for comprehensive disaster
measures or enacted an ordinance or regulation announc-
ing the establishment of a principal policy for disaster
management and measures to address compound disasters
(Fig. 10).

In addition, the municipalities that are prepared for
compound disasters, which will continue to grow on a
mega scale, are more inclined to conclude co-support
agreements for disaster response not only with neighbor-
ing municipalities but also with distant municipalities that
may suffer from the same events. Co-support agreements
are very important to ensure effective co-support in a time
of disaster that is co-exercised by officials and members of
the public from both municipalities. According to Fig. 11,
these trends have been increasing year by year and ac-
cording to Fig. 12, municipalities who establish a princi-
pal policy for a disaster management are more likely to
conclude co-support agreements as well.
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0% 20% 40% 60% 80% 100%

(A) N=58 51.7% 12.1?4

(B) N=135 51.9% 24.4%
(C) N=40 60.0% 22.5%
(D) N=29 41.4% 51.7%

LIORIGRO)
(A) The principal policy of disaster management issue is no

clarified yet.

(B) The principal policy of disaster management issue is
clarified in the master plans of various fields.

(C) In addition to the above, the comprehensive plan of mea-
sures against disasters is provided.

(D) The principal policy of disaster management issue is pro-
vided as an ordinance or a regulation.

(D The co-support agreements on disaster are concluded
with the neighboring autonomies in the same prefecture.

@ In addition to the above, the co-support agreements are
concluded with the distant autonomies, which shall not
be affected by same disaster at once..

(® According to co-support agreements, exchange and ex-
ercises of both officials are done usually.

Fig. 12. Relationship between the principal policy for dis-
aster management and the conclusion of co-support agree-
ments.

6. National Resilience Efforts to Thwart a Na-
tional Crisis

At some point in the 21% century, a mega disaster on
a scale that we have not yet experienced shall occur. As
mentioned in Sections 4 and 5, a Nankai Trough earth-
quake would destroy 2,400,000 buildings and cause the
deaths of 320,000 people and a Tokyo Inland earthquake
would destroy 610,000 buildings and cause the deaths of
23,000 people.

Currently, Japan is an important member of the global
economy in spite of a significant national debt 10 times
the annual national budget and the fact that Japanese so-
ciety is rapidly progressing to a super-aged society. In
addition to these situations, recovery and reconstruction
from the East Japan earthquake is continuing. In the five
years after the earthquake, recovery and an almost com-
plete reconstruction of infrastructure can be seen in Iwate
and Miyagi prefectures. That being said, the rebuilding
of homes and job development for returning victims who
left their damaged hometowns are not yet complete. In ad-
dition, the recovery of Fukushima, especially the Futaba
region, which was polluted by radiation after the nuclear
power station accident, will need much more time to fully
recover.

If a Nankai Trough earthquake or a Tokyo inland earth-
quake occurs before the completion of reconstruction
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Fig. 13. Japan’s earthquake disaster management needs.

from the East Japan earthquake, damages on a mega scale
as described above shall cause a national crisis in Japan.
In order to evade a national crisis caused by a mega disas-
ter, it is necessary to quickly and steadily address not only
the creative reconstruction of East Japan, whose regional
vitality continues to grow, but also revolutionary disaster
prevention measures against both a Nankai Trough and a
Tokyo inland earthquake (Fig. 13).

In 2013, the CDMC published damage estimations for
these two mega earthquake disasters and the Cabinet Of-
fice enacted the Act on Special Measures for a Nankai
Trough Earthquake and the Act on Special Measures for
a Tokyo Inland Earthquake. In the same year, the Cabi-
net Office enacted the Basic Law on National Resilience
(Kokudo kyoujinka kihonho) for building a resilient na-
tion to defend against large-scale disasters. The National
Resilience Plan (Kokudo kyoujinka kihon keikaku) was es-
tablished and announced in 2014. Today, all prefectures
have established or are in the process of establishing a
Prefectural Plan for National Resilience and a few munic-
ipalities have established or are establishing a Local Plan
for National Resilience.

The present author is a member of the National Re-
silience Working Group in the Cabinet Office. Based
on the advice of several prefectures and municipalities in
drafting a plan for national resilience, the municipality’s
efforts to ensure national resilience based on a local plan
is the most important issue for the prevention of damage
to homes, for addressing mega disasters including com-
pound disasters by reducing damages, for saving the lives
of citizens, and for business continuity and continued eco-
nomic activities in the global economy.

The present author considers that two goal levels are
necessary for the completion of national resilience. The
first goal level is a short-term goal to achieve as quickly as
possible for cope with any mega disaster through the Busi-
ness Continuity Plan (BCP) approach. In the East Japan
earthquake, a mega tsunami destroyed local functions in-
cluding administrative functions, medical services, indus-
trial functions, lifelines, commercial services, and so on.
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This situation is illustrated in Fig. 14. Some municipal-
ities lost all of their materials and facilities and several
officials perished along with the city hall. All of the build-
ings and lifelines were destroyed. This volume of loss is
more than a municipality can handle. As a result, nothing
was accomplished for several days following the tsunami.
Thus, important services were delayed such as the ability
to rescue, relieve, and treat the injured; to distribute emer-
gency food and water; and to set up evacuation shelters
and care for the disabled. As a result, the number of both
direct and related deaths increased.

If the scale of damage is reduced even slightly and if the
scale of damage is at the level of disaster response within
the capabilities of the BCP, municipality and industrial or-
ganizations might be able to respond to and mitigate dam-
ages from a mega disaster. If the scale of damage caused
by the earthquake and the tsunami is greater than the as-
sumptions in the BCP, the short-term goal for national re-
silience is decided as a reduction of damage until a level
of damage that would be able to response and cope with
important matters precedently (Fig. 15).
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Fig. 16. Tokyo Pre-disaster Reconstruction Plan — Contents
of the Tokyo Reconstruction Design (Nakabayashi 2012;
Tokyo Metropolitan Government 2001).
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The second-level goal is a long-term goal to improve
and reconstruct a city/town/village after a mega disas-
ter. Even if the most severe damage resulted from a
mega disaster, the municipality should be able to recover
and reconstruct the city and local communities. What
kind of city and district should the municipality and local
communities reconstruct during that time? They might
reconstruct a comfortable, convenient, healthy, and se-
cure city with necessary amenities. We can create a vi-
sion of urban reconstruction without loss and damages
based not only on damage estimations for a huge disas-
ter but also for the severe situation that can be imagined
through an Event Scenario Simulation Approach. Addi-
tionally, we can prepare planning manuals for reconstruc-
tion plans and processing manuals for smooth negotia-
tions and agreements for reconstruction after a mega dis-
aster (Nakabayashi 2012; Nakabayashi et al. 2006).

The Tokyo Metropolitan Government (TMG) started
“pre-disaster recovery and reconstruction plan” projects
based on lessons learned from the Hanshin-Awaji earth-
quake of 1995. The TMG published a vision for the re-
construction of Tokyo after the Tokyo inland earthquake
entitled “Design for Urban Reconstruction after an Earth-
quake” (TMG 2001). Fig. 16 illustrates the content of the
design. Seven strategic projects were prepared. Such a
vision must be the long-term goal of urban planning and
projects in the pre-disaster period. Urban reconstruction
must not be implemented in a damages after a disaster but
be before a disaster in the pre-disaster period. Efforts for
pre-disaster recovery and reconstruction can be realized to
create a more resilient city, resilient region, and resilient
nation.

7. Concluding Remarks
In the 21% century, the scaling up of disasters will con-

tinue not only in Japan but throughout the world. We must
prepare for mega disasters such as super typhoons with
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winds over 200 miles per hour, mega earthquakes with
magnitudes of 9 accompanied by huge tsunamis, severe
inland earthquakes that directly strike huge metropolitan
areas, super heavy rainfall that could flood mega cities,
and so on. Since the post-World War II period, disaster
science and technology has progressed rapidly. Today, we
can know a disaster is coming before it strikes. However,
the number of disasters will continue to increase. The
scale of disasters is expanding. It is thought that popula-
tion growth itself has expanded the scale of disaster.

In order to overcome a mega disaster, we look toward
new methodologies for the implementation of disaster
prevention, mitigation, recovery, and reconstruction in the
pre-disaster period. Highly technological information is
not effective if we do not make efforts to reduce dam-
age and encourage preparedness for safe evacuations in
each community during the pre-disaster period. The con-
ception of national resilience in Japan confirms the im-
portance of “disaster prevention.” What we need in the
21% century is not more scientific technology but more
social technology to disseminate disaster-related informa-
tion and to increase the knowledge of society regarding
the implementation of disaster prevention measures in the
pre-disaster period.
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