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I 1. Introduction

This study was motivated by my early concerns
regarding the future of large-scale disasters in Japan.
During the decade from 1976 to 1985, when I was
in my thirties, Japan experienced no major disasters
that resulted in more than 1,000 deaths. In that social
context, | kept asking myself whether such large-scale
disasters were truly a thing of the past. Eventually, I
came to the conclusion that such a catastrophic event
would most likely occur in a major metropolitan area.
Based on that insight, I pursued advanced research in
the United States as a senior Fulbright scholar, where
I concentrated my studies on the theme of “urban
disasters” at Princeton University.

As my research progressed, I found that disasters
occurring in urban areas tend to evolve along with
increases in population and population density.
These disasters develop through stages—from “rural

disasters” in sparsely populated regions to “urbanizing

LR I3 ER I3

disasters,” “urban-type disasters,” “urban disasters,”
and finally “super-urban disasters.” In particular, in
the cases of “urban disasters” and “super-urban
disasters,” the actual number of fatalities far
exceeded the projections based on urban population
and average mortality rates. This indicates that when

population and density surpass a certain threshold,

some nonlinear and abrupt phenomenon causes
damage to increase explosively. This is what I
define as a Phase Transition in Societal Phenomena.

This research paper received the Academic Award
from the Japan Society for Natural Disaster Science
in 1991. Four years later, the Great Hanshin-Awaji
Earthquake struck—what would become the world’s
first major urban disaster—resulting in enormous

damage just as I had predicted in advance.

§ 2. Phase Transition in Societal
Phenomena

In the course of disaster research, it has been
confirmed that disasters occurring in densely populated
urban areas can lead to a dramatic and discontinuous
escalation of human casualties, triggered by certain
catalysts. This phenomenon was observed in historical
events such as the 1923 Great Kanto Earthquake in
Tokyo and Yokohama, and the 1985 Mexico City
Earthquake. These cases were identified as instances
of Phase Transition in Societal Phenomena. Figure
1 plots actual data from Tokyo (T), Yokohama
(Y), and Mexico City (M), using the urban disaster
amplification index R (the ratio of urban to national

population density) on the horizontal axis. The figure
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Fig.1 Phase transition of sharp increase in human
casualties caused by urban disasters

shows that in large cities, when an earthquake strikes,
the number of casualties significantly deviates from
the lower curve that represents proportional fatality
rates. That lower curve demonstrates that even if
R increases, the multiplier a,; decreases in such a
way that their product remains 1 — suggesting that
increasing density alone would not affect disaster
severity. However, the upper curve — representing
excessive disaster losses — indicates that when R =
50 (e.g., Tokyo’s 23 central wards), a; becomes 0.4,
so a; x R = 20. In other words, if a disaster occurs
in central Tokyo, the mortality rate could be as much
as 20 times higher. If data points fall between the two
curves, this is interpreted as an ‘incomplete Phase
Transition in Societal Phenomena.” After this graph
was published, the Great Hanshin-Awaji Earthquake
occurred in 1995. Kobe City’s data, plotted as K in
Fig.1, lies on the upper curve, indicating that Phase
Transition in Societal Phenomena did in fact occur.
The term ‘Phase Transition’ originates from
thermodynamics and refers to the change from one
state to another under certain external conditions.
Examples include the creation of synthetic diamonds
and lithium batteries, both of which use Phase
Transition mechanisms. The most familiar example
is water changing from ice (solid phase) to liquid
(water) to steam (gas), depending on temperature.
These visible changes are known as first-order Phase
Transition. Meanwhile, less visible changes — such
as those in density or magnetism — are known as
second-order Phase Transition. In this context, I assert

that urban disasters may escalate into super-urban
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disasters due to sudden, nonlinear changes — Phase
Transition in Societal Phenomena. This research
paper won the Japan Society for the Study of Natural
Disasters’ Academic Award in 1991, and four years
later, the Great Hanshin-Awaji Earthquake, the world’s
first urban disaster, occurred, causing enormous
damage as predicted. This research paper won the
Japan Society for the Natural Disasters Science Award
in 1991, and four years later, the Great Hanshin-Awaji
Earthquake, the world’s first urban disaster, occurred,

causing enormous damage as predicted.

(1) Earthquake and Tsunami Disasters

(® The Great Hanshin-Awaji Earthquake

The Great Hanshin-Awaji Earthquake, which
occurred on January 17, 1995 at 5:46 a.m., with a
magnitude of 7.3 and an epicenter in the northern
part of Awaji Island, was the first urban disaster of
its kind in the world. It recorded a seismic intensity
of 7 for the first time in Japanese history. More
than 6,400 people were killed or went missing,
and approximately 240,000 houses were either
completely or partially destroyed.

In the 1923 Great Kanto Earthquake, about 90%
of the 109,000 victims died in fires. Based on this,
it was previously believed that unless a large-scale
urban fire broke out, a similarly high death toll would
not occur in a city earthquake. However, in the
Great Hanshin-Awaji Earthquake, approximately
5,000 people died shortly after the quake due to the
total or partial collapse of old wooden houses. Only
about 500 deaths were attributed to fire. In Kobe’s
densely built urban areas, such as Nagata Ward —
which had a population density of approximately
13,000 people per square kilometer—aging wooden
homes effectively turned into deadly weapons,
causing a Phase Transition in Societal Phenomena
to occur. Looking at Kobe City’s data point (K) in
Fig.1, we see a significant deviation from the lower
proportional fatality curve, consistent with other
cases. This deviation indicates that a complete Phase

Transition in Societal Phenomena had occurred.
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@Great East Japan Earthquake

On March 11, 2011 at 2:46 p.m., the Great East
Japan Earthquake struck with a magnitude of 9.0
off the coast of Sanriku. Over 22,000 people were
reported dead or missing, and approximately 200,000
houses were completely or partially damaged.
Of the fatalities, around 15,000 were due to the
tsunami. However, the massive scale of the tsunami
was not the only reason. A major contributing factor
was that roughly 30% of residents did not evacuate
immediately after the earthquake. Even in coastal
areas of Iwate Prefecture, where the tsunami struck
first, there was a window of about 30 minutes to
evacuate. The lack of timely evacuation constitutes
another example of a Phase Transition in Societal

Phenomena.

(2) Heavy Rain Disasters

In recent years, heavy rain disasters caused by linear
rainbands have become increasingly frequent. Looking
at the long-term trends in flood damage published by
the Ministry of Land, Infrastructure, Transport and
Tourism’s ‘River Data Book 2020, we can understand
why (Fig.2) . Although the total flood-affected area
and the area of inundated residential and other lands
have gradually decreased over time, the density of
asset damage per hectare has shown a discontinuous
increase since around 1996 — indicating that a Phase
Transition in Societal Phenomena has occurred. Since
2012, heavy rain disasters have occurred almost

annually, many of which have been attributed to linear

Million yen .
4 Phase transition
5000 |-
Density of A —mmmggm--7—--
2 == (Asset damage -
=] o amount/hectare)
Q ® 10,000 ha ) -
E g s000 |- A(red line):Asset
08 20 damage amount i B
o3 »
© = e .
£ 0 A Residentialland and |*
O o 1000 v esidential land an N
— other flooded areas
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Fig.2 A Phase transition occurred when flood
damage changed from levee breach flooding
to overflow flooding

T 1
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rainbands. It is believed that prior to 1996, the role of
linear rainbands in causing such disasters was not well
recognized.

Traditionally, river flooding occurred when
increased water levels due to heavy rain caused levees
to break, leading to breach-induced floods. However,
recent heavy rain events have often produced rainfall
at twice the previous maximum levels. In such
cases, the river rises much more rapidly, causing
overflow floods to occur even before the levees break.
Compared to breach-induced floods, overflow floods
often release greater volumes of water into floodplain
areas, typically urban areas, thus resulting in more
severe damage. Moreover, when internal flooding
(from sewer systems and drainage failures) precedes
external flooding from rivers, the disaster becomes
even more catastrophic. In short, the characteristics of
flood occurrence and the patterns of socio-economic
damage have changed — a clear indication of a Phase
Transition in Societal Phenomena.

Among the cases listed in Table 1, the July 2020
Heavy Rain Disaster is particularly notable. From
July 3 to July 31, 2020, widespread torrential rainfall
occurred across Japan, centering on Kumamoto
Prefecture, as well as parts of Kyushu and the Chubu
region. In the Kuma River basin, where the damage
was especially severe, many observation points
recorded the highest rainfall levels in history. In this
basin, two levee breaches occurred, along with three
overflows and eight cases of water overtopping. As
a result, approximately 1,060 hectares were flooded.

In Kumamoto Prefecture alone, 65 people were killed

Table 1 Recent heavy rain disasters caused by linear
rain bands

July 2012 Northern Kyusyu Death toll: 30 people

Aug. 2013 Akita and Iwate 8
Aug. 2014 Hiroshima debris flow 77
Sep. 2015 Kanto and Tohoku 14
July 2017 Northern Kyushu 42
July 2018 Western Japan 245
Aug. 2019 Northern Kyushu 4
July 2020 Reiwa 2 heavy rain 85



and 2 were missing, and housing damage included
approximately 4,500 homes that were fully or partially
destroyed, around 700 with above-floor flooding, and
about 600 with below-floor flooding.

(3) Infectious Diseases

In addition to natural disasters like earthquakes and
heavy rains, infectious diseases are also considered
urban disasters. The novel coronavirus (COVID-19)
is believed to have originated around December 2019
in the Wuhan region of China, and it subsequently
developed into a global pandemic that spread across the
world for several years. The mechanism of infectious
disease transmission involves the formation of clusters
(groups of infected individuals), which serve as nodes
from which the virus spreads via human movement to
form new clusters elsewhere. This process is a typical
example of transmission through a human mobility
network. The reason why the COVID-19 pandemic
became widespread and prolonged can be attributed to
two distinct Phase Transition in Societal Phenomena.
The first was the sheer number of megacities acting
as clusters. Currently, there are around 380 cities
worldwide with populations exceeding one million,
and the global population has rapidly increased to 8
billion. The Phase Transition in Societal Phenomena

[ occurred as infections spread easily in each of

these urban areas. The Phase Transition in Societal
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Phenomena II was caused by the networked nature
of modern socioeconomic activities, including both
human and logistical mobility. This network allowed
for rapid, large-scale movement, which in turn
accelerated the spread of infection. In network terms,
the spread of infection can be visualized as clusters
forming the nodes and the movement of infected
individuals forming the edges—resulting in a full-

blown pandemic.

I 3. Disaster Mitigation

During the COVID-19 pandemic, Japan was
often noted for having a relatively low infection
rate. However, Figure 3 illustrates the relationship
between nominal GDP per capita in 2018 and the
COVID-19 infection rate as of late July 2020 across
different countries. Using Japan’s GDP rank (26th)
as a baseline, panel (a) shows countries ranked 27th
to 50th, while panel (b) shows countries ranked 1st
to 25th, limited to those that had publicly available
infection rate data. In panel (a), a clear trend emerges:
as GDP increases, the infection rate decreases.
This implies that improvements in infrastructure —
such as water and sanitation systems and advanced
medical care — help suppress infection rates. This
corresponds to what can be called ‘Disaster-

Resilient Civilization,” where visible investments in
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Nominal GDP per capita in 2018
Fig.3 Nominal GDP and Coronavirus pandemic infection rate per million population
(a)lncreased GDP and decreased infection rate (from 27th to 50th in low-GDP)
(b) Increased GDP and increased infection rate (from 1st to 25th in high-GDP)
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Table 2 Characteristics of disaster civilization and disaster culture

Disaster Civilization

Disaster Culture

—_— = amaaiTl

its ability to meet every identified
need, or only those essential for
preserving health and dignity

during evacuation? Traditionally,

* It must ~ * It is better to ~
+ That's how it should be ~ . It is better that way. disaster response has prioritized
+ There is a correct answer + It may not be correct and there rebuilding victims’ lives. However,

and there is no un-
certainty.
 Science gives the answers.

- Linking scientific findings with
politics.

* Best solution

answer.

- Best effort

r

Cr

€ating 5 Paradigm shify |

Social maturity

pisaster Culture

Progress of the tw
In today’s world, civilization

takes precedence and culture is jp-as- Culture
valued. This is wrong.

Fig.4 Paradigm shift from disaster civilization to
disaster culture (Like the triangle in the upper
left, disaster culture is superior to disaster
civilization, be in harmony.)

environment and facilities mitigate disaster impacts.
On the other hand, panel (b) shows the opposite
trend: as GDP increases, so does the infection rate.
This suggests that economic wealth does not always
translate into social well-being. Factors such as racial
discrimination against immigrants or disparities in
access to healthcare based on income may contribute.
In this case, it is the enhancement of intangible
services and social functions that plays a role in
mitigating damage — what I call ‘Culture of Disaster
Resilience.’

In natural disasters, the increasing diversity of values
regarding what people consider ‘damage’ makes
response more complex. For instance, during the 2016
Kumamoto Earthquake, evacuees in shelter identified
over 500 types of goods as necessary supplies. One

may ask: Should disaster response be evaluated by

is uncertainty.
» Science alone is difficult to

» There is a boundary between
science and politics.

many items previously considered
as ‘damage’ fall under ‘Disaster-
Resilient  Civilization,”  while

crucial aspects of daily life—the

‘Culture of Disaster Resilience’—

may have been overlooked. Put
simply, ‘Disaster-Resilient Civilization’ refers to what
must be present, while ‘Culture of Disaster Resilience’
refers to what should ideally be present.

The experience of the COVID-19 pandemic has
helped us realize the importance of distinguishing
between civilizational and cultural perspectives in
disaster prevention. Based on these reflections, I
define a Disaster Civilization as ‘Disaster-Resilient
Civilization’ as consisting of tangible elements
related to disaster prevention and reduction, primarily
tied to our material environment — technologies,
engineering, medicine, inventions, and objective
social infrastructure systems. By contrast, the
Disaster Culture as ‘Culture of Disaster Resilience’
refers to intangible elements related to disaster
response in everyday life—philosophy, art, religion,
institutions, customs, habits, and traditional wisdom.
Their respective characteristics are summarized in
Table 2. Since the Meiji era, Japan has prioritized
‘civilizational® disaster prevention, while neglecting
its traditional ‘cultural’ approach. As a result, the
culture of disaster resilience has declined, and people’s
everyday preparedness has weakened. A clear example
is the declining number of volunteer firefighters,
driven by aging demographics and the lack of national
campaigns to raise their social value. This downward
trend has yet to be reversed. Going forward, we must
initiate a paradigm shift in which the Disaster Culture
is positioned above the Disaster Civilization—placing
wisdom and daily life preparedness at the core of

disaster response (see Figure 4).




B 4. Preparing for National-Scale
Disasters
(1) Countermeasures Against Escalating
Damage

Considering the spread of damage from natural
disasters and infectious diseases as network-based
phenomena allows us to better understand and prepare
for national-scale disasters.

If a major earthquake were to strike directly beneath
the Tokyo metropolitan area, compound disasters
would act as nodes, while cascading disasters would
form the edges of the network, causing damage to
spread across time and space. Among the compound
disasters, lifeline disruptions are particularly
significant. These not only cause direct damage
but also trigger other cascading effects. Examples
include power outages, water supply disruptions, gas
service suspensions, telecommunications failures, and
transportation blockages (roads, railways, airports).
Additionally, critical sectors like finance, healthcare,
welfare, and education could also suffer functional
breakdowns. Among these, power outages are the
most critical, as they often lead to the failure of many

other essential services.

Following the first-order Phase Transition in
Societal Phenomena (e.g., a blackout), second-order
shifts (e.g., cascading disruptions in related systems)
can lead to third-order chain-reaction disasters. Table
3 outlines specific examples of such compound and
cascading disasters triggered by power outages. Since
many natural disasters exhibit spatial and temporal
expansion, there may be opportunities to apply
mitigation or suppression measures mid-course.

As previously discussed, the spread of COVID-19
also followed a network structure, with infection
clusters forming the nodes and human mobility
forming the edges—Ileading to a global pandemic.
Unlike natural disasters, infectious diseases typically
lack an effective cure in the early stages, making
immediate containment extremely difficult. This
characteristic must be carefully considered in response

planning.

(2) Targets of Recovery and Reconstruction
The definition of social infrastructure also needs

to be reexamined. Traditionally, recovery efforts

have focused on restoring physical infrastructure—

electricity, water, railways, and roads—for the sake

Table 3 Compound disasters and cascading disasters caused by long-term wide-area
power outages following an earthquake directly beneath the capital.

Examp&e: Tertiary disasters caused by power
utages

o~

. Elevator stoppage and entrapment

. All forms of transportation suspended

. Highway road closure

. Stopping the flow of people and
goods in the capital area

. Water outage

. Information network down

. Apartment life impossible

. Suspension of corporated and cultural
activities

9. School education suspended

10. Impossible to work from home

11. Hotels and accommodations not

available

12. Travel only by foot

13. Department stores and large

supermarkets closing

A W N

0 N o un

Compound disaster

(Example: New Secondary disasters caused by
power outages)

1. Hospital disasters: 1,673 hospitals are located
in areas affected by earth. With a seismic intensity
of 6 or higher, and approx. 250,000 hospitalized
patients will need to be transported to other safer
hospitals.

2. Fuel Disaster: Oil refining is impossible (31 %
of the national production), and gasoline and diesel
are in short supply (32%&fTznational production)

3. Food disaster: The supply of food, which
consumes about 20,000 tons a day and bottled
water will be suspended.

4 . Information and communication disaster:
Telephone, mobile phone, internet and electronic
payment are not available. Telework is also
impossible.

5. Evacuation center disaster: Food, drinking
water and relief supplies are in short supply, the
Disaster Relief Act has failed, and it is difficult to
escape from the capital area, leading to widespread
evacuation across the country.
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of rebuilding affected communities. However, this
definition stems from a civil engineering mindset and
has often excluded damage to educational, welfare,
and healthcare facilities, treating them as exceptions.

A case that highlights the importance of recovering
these functions occurred during the July 2020 heavy
rain disaster in the Kuma River basin. There, four
railway bridges were washed away, making it difficult
for approximately 1,200 high school students to
commute. In Hitoyoshi City, a road bridge collapsed,
preventing about 70% of elementary school students
from attending school. Not only school facilities but
also the safety of commuting routes and the restoration
of railway transportation must be prioritized. In
some flood-affected residential areas of Hitoyoshi
City, despite only two upstream levee breaches,
overflow flooding caused by massive runoff reached
up to the ceilings of two-story homes, including those
designed with piloti (elevated) structures (Fig.5).
In total, 17 road and railway bridges collapsed, and
about 370 km of railway tracks, telecommunication
poles, and cables were damaged.

The elderly care facility Senjuen, where 14 residents

perished, has since been rebuilt at another location

Vi 5
-l RIS

in 2024. Had it been closed permanently, over 100
residents and those on the waiting list would have
lost their support system. The Kuma River basin
is home to 27 similar facilities, and it is estimated
that as many as 2,000 people could have faced
severe difficulties securing care. In Hitoyoshi City
alone, there are 44 clinics and 25 dental offices that
contribute to community healthcare, many of which
were also damaged. Since medical equipment tends
to be irreparable after water damage, reopening these
facilities often takes significant time. For this reason,
the damage caused by flooding is often considered

even more severe than that caused by earthquakes.

(3) The Concept of “New Resilience”
(Shukusai)

Before human settlement, the Hitoyoshi Basin was
essentially a floodplain for the Kuma River. To live
there now requires a mindset of coexistence with
flooding. In 2009, the local community chose a flood
management strategy that did not rely on dams.
However, with the advent of climate change and the
formation of linear rainbands, they likely could not

have foreseen the unprecedented scale of rainfall that

Remains of a three—story

prefabricated house

The Kumagawa river

e embankment
e

Remains of ‘a two—story
prefabricated house

Fig.5 Damage to homes in Hitoyoshi City, Kumamoto Prefecture, caused by the
overflow of the Kuma River due to the heavy rains of July 2020



would later strike the region. While they looked to
the past, they were unable to anticipate such drastic
changes in the future. Even in the face of unexpected
floods, we must strive to create a calm, balanced, and
resilient society.

The Kuma River, one of Japan’s three most
torrential rivers, is prone to rapidly accumulating
rainwater from its basin. The so-called ‘green dams’
offer little capacity for water storage, leaving two
main options: either reduce the flood discharge or
widen the downstream channels to increase flow
capacity. However, widening the downstream river
channels would increase the flood risk in downstream
cities like Yatsushiro. Thus, dam construction remains
the only viable option. Local residents have already
taken self-help and mutual aid measures, including
building homes with piloti structures and raising the
elevation of residential land. Even so, they suffered
damage, indicating the need for public support. This
includes: (1) power generation, (2) water resource
management, and (3) flood control. In terms of power
generation, hydropower — a clean and renewable
energy source — has great potential for stable output
and supports a non-nuclear energy future. As for water
resources, the intensification of floods and droughts
nationwide due to climate change makes sustainable
water management increasingly critical. Although
Kumamoto Prefecture has abundant groundwater,
widespread drought could lower water tables and
threaten municipal water supplies and agricultural
irrigation. Regarding flood control, dam construction
is essential as a measure for disaster damage reduction
(Shukusai) in preparation for unexpected, large-scale
floods. The July 2020 heavy rain disaster revealed
the limitations of flood management strategies that
rely solely on alternatives to dams. Like it or not,
we must now proceed with disaster planning under
the assumption that new and more severe risks will
emerge.

New resilience (Shukusai) refers to concrete
methods for minimizing disaster impacts. It consists
of both pre-disaster reduction and post-disaster

resilience. Each of these elements must be reviewed

and strengthened. As damage increasingly spreads to
welfare, healthcare, environmental, and educational
systems, a connected, cross-sectoral response is now

essential (see Figure 6).

Extent of damage
after the measures
are taken (AB'C")

100%]

Damage Estimated
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-
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=}
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\
\
‘ \
Reducing damage Disaster occurrence  Time ¥ Shortening

through pre- . N recovery and
disaster mitigation REULUTARTLIEIRVENET RN I reconstruction
measures environmental field period

Fig.6 New resilience through pre-disaster reduction
and post-disaster resilience

I 5. Conclusion

The findings presented so far suggest that it is
indeed possible to predict future large-scale disasters.
The reason for this lies in the ability to prevent Phase
Transition in Societal Phenomena — and in doing
so, to make pre-disaster measures truly effective.
Therefore, identifying the conditions that trigger such
Phase Transition in Societal Phenomena has become
an urgent task. At the same time, it is equally important
to promote countermeasures that prevent such shifts
from occurring in the first place.

Countermeasures that fall under the domain of
a Disaster Civilization often require significant
financial resources and time, making them difficult
to implement in reality. This makes it all the more
important to consider what can be done within the
domain of the Disaster Culture, especially through
self-help and mutual aid. For example: - Individuals
can store more food and water, discuss how to confirm
each other’s safety, and arrange furniture to avoid
being trapped in case of a collapse. - Communities

can help one another evacuate, especially assisting
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elderly or vulnerable residents, and allow neighbors

to shelter in taller buildings if someone is delayed in
escaping. It is essential that many people personally
consider what they can and should do — what actions
they believe they “ought to take” — and then follow
through with those actions. To advance measures that
prevent Phase Transition in Societal Phenomena, it
is critical to understand the logic behind the findings
presented in this paper. Such understanding will
directly contribute to reducing and suppressing the

damage caused by future disasters.
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