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Abstract: Foreign residents in Japan are amongst the vulnerable groups at risk to disasters in the
country. Improvement is crucial in meeting Japan’s vison of zero casualties in major disaster events.
If the case of the 2005 Hurricane Katrina is to offer an insight into migrants’ characteristics in mega-
disaster situations, then a broader analysis of vulnerabilities is needed to avoid mass casualties
should the anticipated megathrust earthquake occur. Hence, this study analyzes the vulnerabilities of
foreign residents by utilizing their spatial distribution attributes in the Tokyo metropolitan area. This
study uses multiple approaches that combine geographic information systems to analyze secondary
and primary datasets. The results reveal that foreign nationals are spatially clustered in some parts
of the metropolis, especially within a 7 km radius of Minato city. The densities in these areas
alter the earthquake community vulnerability levels from 1.23% to 2.8% and from 5.42% to 13.46%,
respectively. Although only 11% of foreign residents are prepared for any disaster, there is a high
sense of interaction amongst them and Japanese nationals, which almost eliminates isolation within
communities. This study therefore proposes the utilization of some of these attributes in mobilizing
specifically targeted evacuation procedures, management of evacuation centers, and disaster risk
information dissemination.

Keywords: migrants; disaster vulnerability; population dynamics; Tokyo metropolitan area

1. General Introduction

The dynamics of the world’s population continues to evolve, and as studies show,
mortality, fertility, and migration rates are the key factors driving population change in the
world [1]. Population, from the perspective of diversity or dynamism, expresses “changes
in the numbers, age and class distribution, sex ratio, and behavior of a population through
time and space, determined by inherent characteristics of the individuals and mediated by
environmental conditions, food resources, and interacting biotic agents” [2]. With fertilities
and mortalities already falling in many countries [3], migration is said to be one of the
major factors changing population composition in many countries such that increasing
migration is significantly impacting demographic patterns and labor development [4].
However, the United Nations (2017) predicts that the contribution of migration to an entire
population change is likely to increase [5]. Hence, the International Migration Report (2019)
estimates that the number of international migrants is growing rapidly, from 173 million in
2000 to an estimated 272 million in 2019 [6]. This change in numbers and composition is
regrettably happening at a time when the world is experiencing unprecedented natural
and man-made disasters, which are extensively stretching coping mechanisms due to many
obstacles [7].

The increase in disasters, changing population mix, and overwhelming coping de-
mands are what have characterized the efforts of managing risks and vulnerabilities in
the recent COVID-19 pandemic challenges [8,9]. Efforts towards managing the COVID-19
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pandemic across different needs and demands bring to light the issue of at-risk or vul-
nerable people vis-a-vis other “normal” people in crises or disaster management such
that the inability to identify, plan, and execute inclusive measures aggravates vulnera-
bilities and consequences. Therefore, many countries experiencing shifting population
patterns/compositions, as well as increasing disasters, are facing the dilemma of initiating
disaster countermeasure plans that are inclusive and meet the needs and aspirations of all
parties. One such country is Japan, which per its initiative to reduce vulnerabilities and
deaths to zero from disasters, is faced with the burden of disaster preparedness planning
that includes the exponential rise in the number of non-Japanese nationals.

Japan, since its reforms in the 1980s to diversify its homogeneous society [10], has been
overwhelmed over the years with the influx of foreign migrants [11]. Foreign residents
in the country are estimated to have reached 2.93 million at the end of 2019 [12], and
reports suggest that the number of foreign visitors to the country was up by 2.2% in 2019,
representing a total of 31,882,100 [13]. The discussion of the numbers and composition of
foreign residents in relation to the disasters in the country came to light after the 1995 Great
Hanshin-Awaji earthquake, where non-Japanese nationals suffered greater casualties and
property destructions per ratio than Japanese nationals [14]. This reiterated the concerns
and a subsequent inclusion of foreign residents with the likes of infants, the elderly, physi-
cal and mentally handicapped people, as well as the sick, as the most vulnerable groups at
risk to disasters in Japan [15]. Earlier studies have analyzed these vulnerabilities from the
perspective of language abilities, disaster experience, and perception [16-18], which have
yielded improvements in policies and initiatives accordingly. Nevertheless, recent studies
still portray a persistent vulnerability of foreign residents in Japan. The need for recon-
sideration and the call for broader perspective of the extent of these vulnerabilities have
however been magnified by the increasing number of foreign nationals and the potential
risk of the anticipated Tonankai-Tokai mega earthquakes. The 2005 Hurricane Katrina in
the USA gives a vivid experience of some expectations of an encounter between migrants
and mega-disasters [19], which must be avoided should the mega earthquake happen in
Japan. Such a scenario, and the earthquake in Haiti in 2010, suggest that spatial locations
coupled with other population traits jeopardize or enhance vulnerabilities of at-risk popu-
lations, especially migrants [20,21]. This instance may specifically be important in Japan’s
case, since according to [17], the proximity of many international students” dormitories and
residences to Aoba city in Miyagi prefecture was crucial to the smooth evacuation processes
during the Great East Earthquake in 2011. On the contrary, a study [22] also emphasizes
the challenges encountered during that same period because of the scattered locations of
foreign nationals. Could it be that identifying the spatial connections or locations of foreign
residents offers better insight into understanding the vulnerabilities of foreign nationals
to disasters in Japan? How much of this process could reduce some of the identified
challenges to disaster risk reduction? To further explore these issues, this study adopts the
Tokyo metropolitan area as a case study due to the record number of foreign residents in
this region as compared with other areas of the country.

2. The Tokyo Metropolitan Area

The Tokyo metropolitan area (TMA) is made up of 23 special wards (X, ku), 26 cities
(73, shi), 3 towns (H], machi), and 1 village (+f, mura), as shown in Figure 1. It is located
in the Kanto region ([ #i1 /7, Kanto-chiho) on the Honshu island of Japan. It is in the
Greater Tokyo Area, which comprises other prefectures, such as Gunma, Tochigi, Ibaraki,
Saitama, Chiba, and Kanagawa. The number of foreign residents in January 2010 was
577,329, which is more than 98% of other areas, such as Iwate, Yamagata, Miyazaki, and
many others.
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Figure 1. The study area: location of Tokyo metropolitan area.

Contrary to the federal governance structure in places such as Germany, where disaster
prevention and response highly rests on the state [23], Article 92 of the Japanese constitution
provides regulations concerning organization and operation of local public entities, which
are established under the “Local Autonomy” law. The local autonomy law establishes and
separates the procedures and activities of national and the prefectural /municipal (herein
referred to as “local government”) authorities. The national government is responsible
for policies and affairs that require nationwide uniformity, while local governments are
responsible for the day-to-day administration of settlements from towns to cities. The
administration of local governments encompasses the handling of wide-scale regional af-
fairs, communication and coordination, education and environment, and many others [24].
The Basic Act on Disaster Management Act No. 223 of 15 November 1961 also reiterates
the roles and responsibilities of local governments in disaster management. This makes
it efficient for disaster communication between residents and local authorities because,
as pointed out by studies [25], local level efforts in disaster management are the core
component of risk reduction. Hence, the Tokyo Metropolitan Government is in charge of
all activities within its jurisdiction.

3. Disasters and Vulnerabilities of Foreign Residents in Japan

It is established that certain elements potentially underline how the population of
foreign nationals are distributed in Japan [26]. However, one component that converges
many elements concerns the high risk of disasters in Japan [27]. The country’s location in
the “Ring of Fire” makes it vulnerable to constant volcanic and earthquake activities as well
as other disasters, such as typhoons, torrential rains, heavy snowfalls, and tsunamis [28].
Although foreign nationals are distributed across the country, studies show that they are
one of the most vulnerable groups of people irrespective of where they are in the coun-
try [16,27,29]. Amongst other things, low awareness of evacuation sites and procedures,
limited knowledge on hazard and risk maps, and low participation and experience in
disaster prevention activities characterize the vulnerable capacities of most foreigners in
Japan [30]. However, what is prevalent is that most studies concerning the vulnerabilities
of foreigners to disasters in Japan largely focus on issues of language barriers [17,18],
diverse cultures, and perceptions [31,32], as well as the changing intensity and magnitude
of disasters in the country [25]. Still, further studies have reiterated or given reservations to
some of these challenges as the sole reasons. For instance, studies [16,27] acknowledge high
Japanese language proficiency levels amongst some non-Japanese nationals to the extent
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that their level of information accessibility and processes of disaster knowledge exhibit
similarities to Japanese nationals; therefore, it was concluded that not all non-Japanese
nationals may be lacking Japanese language proficiency. Similarly, another study [33]
emphasized the abundance of disaster prevention information for non-Japanese nationals
but added that there is a lack of local content to enhance actions in the event of disasters.
Furthermore, culture clashes have been evidenced to continuously exist in many disaster
shelters during disaster situations, hence hindering the evacuation shelter management [17].
Some key elements from these few opinions may still highlight certain issues of language
barriers, limited knowledge, and cultural differences. However, vulnerability is described
to include all “conditions determined by physical, social, economic and environmental
factors or processes, which increase the susceptibility of a community to the impact of
hazards” [34]. Hence, the study “Disaster Mitigation: The Concept of Vulnerability Re-
visited”, emphasizes the need to rethink frameworks of disaster such that the way we
think about disasters influences where we look for solutions [35]. As echoed by other
studies, making judgement about risk is not simple for individuals or any member of the
public because one must consider the nature of the hazards, the potential occurrence, the
impact, as well as the assessment of a range of alternative actions and the consequences of
each possible alternative [36]. It is in line with this that some studies itemize social and
physical conditions of communities as two major attributes of disaster vulnerabilities such
that their identification and assessment provide better alternatives to reducing risks to
disaster. Living attributes of people, social networks, beliefs, customs, and other population
characteristics depict social conditions [37], whilst conditions of infrastructures, physical
accessibility, and densities highlight the physical aspect [38]. Consequently, approaches to
analyzing these conditions have also toed similar paths by categorizing their indicators
into social and built environments [39,40].

In a bid to analyze vulnerabilities within municipalities in Norway, Holand et al.
(2011) asked two important questions: “who are vulnerable?” and “where do they live?”.
These are legitimate questions because one cannot effectively plan, allocate resources, or
understand the severity of a problem if those in need of the assistance cannot be identified.
The social indicators adopted by that study to analyze the first question aligned with
previous studies by [39] include race, age, educational levels, and gender amongst others.
The indicators for the latter question also referenced [41], which placed emphasis on urban
densities [42]. The relevance of density is expressed as “regions with a large portion of
children, elderly, less educated, and ethnic minorities who tend to be more vulnerable to
natural disasters, because they seem to have less physical and mental capacity to cope with
them” [40]. Therefore, amongst the thirty-six indicators identified for urban vulnerability
assessment, Selas and Yepes (2019) identified population density as the most important
criterion [43]. However, literature reviews of previous studies on the vulnerabilities
of foreign residents in Japan show characteristics that may be likened with a quest to
answering the question of “who are vulnerable?”. That is, their attributes share indicators
similar to those in social vulnerability studies [37,39,42]. This leaves little information
regarding the question “where do they live?”.

Therefore, further studies may be useful to broadening the scope and the understand-
ing of the challenges of foreign residents in coping with disasters in Japan. As evidenced
in other studies, it is important to identify and highlight elements whose interest would
be paramount to collective resilience [44]. This study aims to contribute towards closing
this gap. It seeks to understand where foreign residents are living and what risks could be
associated with it. This study then discusses the opportunities and constraints to reduce
the possibility of vulnerabilities to disasters. This is a comprehensive multiple approach
that combines both socio-economic and bio-physical elements required to understand
urban vulnerabilities [45]. The results would be useful in helping the Tokyo Metropolitan
Government in planning effective countermeasures since precise areas of concern are im-
portant to risk information dissemination, evacuations, and response approaches, as well
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as many others that are essential to avoiding the challenges that ensued during the Great
East Earthquake in Aoba Ward in Sendai [17].

4. Existing Approach and Selected Methodology

This study utilized population distribution to analyze vulnerabilities by taking into
account two residential segregation indicators. The first indicator was residential exposure
(which gives characteristics of interactions amongst populations), and the second consti-
tuted residential clustering (that shows the population in reference to space per area). The
output of these indicators provided both aspatial and spatial attributes of the population in
relation to the areas where they live. From here, vulnerability analysis was conducted using
the residential cluster attributes as one variable and adopted community risk indicators.
The results are discussed in reference to other characteristics and primary data analysis
collected through a survey.

4.1. Residential Segregation Indicators

Residential exposure is “the degree of potential contact, or the possibility of interac-
tion, between minority and majority group members within geographic areas of a city” and
is measured by diversity and isolation indices [46]. The diversity index shows the “average
difference between a unit’s group proportions and that of the system as a whole” whilst
the isolation index “provide some measure of the probability that a member of one group
will meet or interact with a member of another group” [47]. These are relevant in this study
in that they give account of the proportion of non-Japanese to non-Japanese and to the
Japanese population. They also give indication if there is isolation among foreigners to
the Japanese population. These indicators elicit minority—majority group patterns relevant
for policy interventions to deal with migrants—nationals integration, socio-economic in-
equalities, housing markets regulations, infrastructure, and service development amongst
others [48-52]. As these traits exhibit similarities to the foreigner-Japanese integration pro-
gram under the Japan Multicultural Coexistence initiative [17], they become the appropriate
measures to understand more of the risk knowledge gathering through participation and
interactions within communities. Equation (1) shows how the diversity index is calculated.

k
j=1

where k represents the number of nationalities, including foreigners and Japanese, and
Pj; = the proportion of the population of the jth nationality in city i. This proportion is
calculated by Z—’,], where 7;; represents the number of the population of the jth nationality in
city 7, and ni is the total number of the population in the city. The higher the k value, the
more diverse the area [53].

The formula for calculating the isolation index is also presented in Equation (2).

(1 (i
o <an><"tp) ?

where 7, represents the number of a specific foreign national (e.g., Korean or Indian) in
the city, nj, is the number of Japanese nationals in the city, and Ny, represents the total
number of all foreign nationals in the city. 7;,, on the other hand, represents the total
number of the population in the city. If expressed in percentage, it would indicate how
many foreigners out of one hundred are likely to encounter or interact with a Japanese
national. A high percentage represents good interactions, while a low percentage means
there is a level of isolation amongst foreigners from the Japanese citizens.

Population data of foreigners and Japanese citizens used for these analyses were
collected from the data portal homepage of the Official Statistics of Japan (https://www.e-
stat.go.jp/en accessed on 15 October 2020) and the Tokyo Metropolitan Government Statis-



https://www.e-stat.go.jp/en
https://www.e-stat.go.jp/en

Int. J. Environ. Res. Public Health 2021, 18, 4061 60f 17

tical Division’s homepage (https://www.toukei.metro.tokyo.lg.jp/tnenkan/tn-eindex.htm
accessed on 17 October 2020). The results are aspatial attributes that do not include the
geographical area in the measurement. However, the outputs were saved in Microsoft excel
2019 (a client software by Microsoft, in Washington, DC, USA) and exported to ArcGIS 10.4
software (a Geographic Information system (GIS) application by ESRI in Redlands, CA,
USA) for visual depiction.

Based on the residents register from the Tokyo Metropolitan Government, the identi-
fied nationalities are Chinese, South Korean, Vietnamese, Filipino, Nepalese, Taiwanese,
American, Indian, Myanmarese, Thai, and Japanese, and other foreigners are grouped as
“others”. The results from these analyses were saved in Microsoft excel and exported to
ArcGIS software.

4.2. Residential Clustering

Clustering was identified by the density of foreign residents within 1 km x 1 km of
the population grid acquired from the data portal homepage of the Official Statistics of
Japan (https://www.e-stat.go.jp/en accessed on 15 October 2020). Buffer analysis was
then conducted in ArcGIS to measure residential concentration radius.

4.3. Vulnerability Assessment and Data Source

The spatial vulnerability assessment was conducted using data from the 8th Commu-
nity Earthquake Risk Assessment Study report (2018) by the Bureau of Urban Development,
Tokyo Metropolitan Government (HiFE1Z B 3~ 2 Hiutak (G PR L I TEF A | o mc ol ok i B 0 )
(tokyo.lg.jp) accessed on 2 December 2020). The assessment report ranks communities
vulnerable to earthquake impact in the Tokyo area based on three indicators of risk on
a scale from 1 (low) to 5 (high). The indicators include the risk of building collapse,
buildings at risk of fire outbreak, and the degree of difficulty for emergency response in
event of an earthquake. This study combines these scenarios and subsequently identi-
fies the total earthquake impact and potentially vulnerable areas based on the risk levels.
This risk assessment, however, excluded the population component in the calculation,
but if this scenario is to be aligned with similar case study analyses then the proportion
and type of people living in the areas should also be estimated [54]. Therefore, to un-
derstand how the living areas of foreign residents would contribute to the earthquake
risk, the option would be to re-run the assessment again by incorporating the population
element. However, the weighted sum overlay method in ArcGIS offers a new option
where multiple analyses can be overlayed to create a new set of outputs. This is achieved
by assigning weights to the variables involved based on known criteria [55]. Hence, a
weighted sum analysis was conducted after obtaining the GIS shapefile of earthquake risk
assessment categories from the Tokyo Government Bureau of Urban Development home-
page (https:/ /www.toshiseibi.metro.tokyo.lg.jp/bosai/chousa_6/home.htm accessed on 2
December 2020).

Method of Analysis

The weighted sum method was adopted for this study because it is a multi-criteria
decision-making tool, which is used for decisions and problems involving multiple vari-
ables and criteria [55]. It is based on the formula as depicted below:

n
WS =Y W, xV 3)
i=1

where SW is the weighted sum, Wi is the assigned weight of the ith evaluating factor (rep-
resenting the assigned weight of the earthquake risk impact and the residents” population
density), V; is the score of the ith evaluating factor (that is, within the rank 1 to 5 from
risk and density), and n is the total number of evaluation factors (this time looking at the
risk impact and the foreign residents” population density). Studies have suggested that
depending on the purpose of study, the number of evaluating factors is important [56].
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This process works at the pixel level, so in ArcGIS software, it is incorporated into
the spatial analyst environment. It has the “ability to weight and combine multiple inputs
to create an integrated analysis by multiplying the designated field values for each input
raster by the specified weight. It then sums (adds) all input rasters together to create an
output raster” [57].

The weighted sum in the geographic information system (GIS) environment works
with raster files, so the 1 km x 1 km population density shape file and the earthquake risk
categories shape files are converted to a raster file. In the weighted sum environment, total
weight assigned to variables (representing each raster dataset) per percentage is 100. Since
there are three variables already used in the earthquake risk assessment, the population
density is added as the fourth variable. By this, 0.25 weight is assigned to the density map
and 0.75 weight is assigned to the risk assessment map. The figure below explains this
process further.

This is a process where raster cell values are multiplied by their weight factor and the
results are added together to create a new output raster. The population grid categorizes
densities from 1—low to 5—high, in the same manner as the 1—low to 5—high categories
in the risk assessment. As seen in Figure 2, each cell represents a pixel containing a number
assigned to represent the level of earthquake risk impact or the density of foreign residents
in the area. By multiplying the weights by their cell number, a new area is created. These
are then summed to create the final raster representing all variables. A higher cell value
in the resulting raster represents areas with high population density and high-risk value.
By virtue of high-risk indication and the difficulties associated with foreigners in disaster
situations from existing studies, the high-risk values in the resulting output file represent a
potentially high vulnerability.

Earthquake risk impact Population Density

4 5 2 1 3 2

1 1 3 5 | 3 1

3 2 4 ] 1 3

2 3 5 2 5 1
Earthquake risk impact Population Density .
by 0.75 weight by 0.25 weight Potentially Vulnerable Areas
3.00 3.5 1.50 0.25 0.75 0.50 3.25 450 2.00
0.75 0.75 225 125 |. 0.75 0.25 - 2.00 15 2.50 |
225 1.50 3.00 I 1.25 0.25 0.95 | 3.50 175 375
150 2325 375 0.50 | 1.25 0.25 2.00 35 4.00 |

Figure 2. Methodology for the weighted sum.

4.4. Empirical Data Collection and Analysis

The empirical data used for this study were gathered using online questionnaire
administration on the basis that nearly 85% of all foreigners in Japan are in the working-
age population between 14 and 64, distributed in different areas, and engaged in many
activities [58]. These, together with the current COVID-19 restrictions, pose limitations to
conducting face-to-face or in-person data gathering. Hence, as outlined by Pete Comley and
Jon Beaumont (2011), using online surveys curtails these identified obstacles by offering a
sense of openness, increasing geographical scope, reducing cost, and expediting responses
and feedback [59]. Therefore, a link to an online questionnaire on some attributes and char-
acteristics to enhance disaster preparedness and evacuation protocols of foreign residents
was created in October 2020, shared with acquaintances through emails, SNSs, and other
platforms. These were answered only by foreign residents after an initial pre-testing. At
the end of the survey, a total of 106 respondents were sorted and processed within SPSS
16.0 software (a statistical software by IBM, New York, NY, USA).
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5. Results and Discussion
5.1. Population Changes and Unique Locational Preferences

Foreigners in Japan constitute a less significant ratio compared to other areas, such
as the USA, Australia, and Europe. Still, figures gathered in this study suggest that the
number of foreigners in the country has increased significantly in recent years and has
been characterized by the increasing diversity of composition. The Tokyo metropolitan
area had over half a million foreigners as of June 2019, and the top ten countries with high
migrant populations are China, Republic of Korea, Vietnam, Philippines, Nepal, Taiwan,
the USA, India, Myanmar, and Thailand, respectively. However, previous studies indicate
that migrants often conglomerate in their new destinations, and the choice of location is
fueled by many conditions, including path dependence [60], social network [61], and many
others. Hence, Figure 3 shows that the vast majority of foreign nationals are found to reside
in the eastern section of TMA, but the number dwindles as it moves towards the western
side of the metropolis. Amongst the notable areas are Edogawa city, Koto city, Adachi city,
and Shinjuku city, with a foreign population of over thirty thousand. The eastern sections
of the metropolis also represent the 23 special wards of the TMA, and, as such, a study [62]
states that the area’s unique characteristics constitute some reasons for the destination
choice of many foreign populations.

Hachioji-shi
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Figure 3. Distribution of non-Japanese nationals in the Tokyo metropolitan area.

As explained further by Fahey et al. 2019, migrants face numerous challenges, such
as language barriers, discrimination, culture shock, limited access to certain resources,
opportunities, and services, in their host countries [49]. These make it tough for migrants
to have or enjoy the best of their stay in the country. However, these challenges gradually
diminish or become minimal to subsequent migrants as a result of earlier migrants who,
over time, became acclimatized; gained experiences; and, through social network elements,
are able to offer a conducive environment for newcomers to fit in. Therefore, new migrants
are “incentivized to settle in neighborhoods that are geographically proximate to people of
the same national background” and are attracted to, through cultural, ethnic, and other
social connections, areas that give them the necessary assurances [49]. Many scholars then
argue that these actions cause segregation or isolation of migrants from the communities
they live in, and the consequences of such may be enormous [63]. The results from this
study give a glimpse of this possibility in the TMA. As depicted in Figure 4, the concentra-
tion of non-Japanese nationals can be found in the eastern part of the metropolis, with a
high density within a radius of about 7 km of Minato city. From a disaster management
perspective, population concentration can be both advantageous and challenging. That is,
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the concentration of Syrian refugees in Turkey aided the study [54] in estimating potential
casualties should earthquakes occur in the southeastern provinces in Turkey near the
Turkey-Syria border. Based on that, various measures were proposed.

Foreign Residents/Grid
{1km x 1km}

| No data Range

B 1-Low
Bl o500 H M
5011000 3 M’(_ e
- K
1001-2000 4 T
0 25 5 10 15 20 25
B o> 5-High -— — IKm

Figure 4. Population density of non-Japanese.

On the other hand, for the purposes of promoting an inclusive society as championed
by many [64], minority, vulnerable, or migrant groups may be distributed evenly, but
there could be a chance of isolation within them and other groups or the indigens. These
elements are important for community engagement activities for disaster preparedness and
prevention such that communities engage each other in disaster drill exercises, mutual help,
and assistance capacity assessment, as well as inclusive community planning. Therefore, an
iota of isolation may become detrimental to such causes because as evidenced by studies,
self-help and mutual assistance were some key features for sustainability during the Great
Hanshin-Awaji earthquake in 1995 [65]. The depiction of the results of the diversity index
from the analysis, as shown in Figure 5, conforms with earlier statements that the non-
Japanese population is skewed to the 23 special wards. From the results, there is an overall
average of 20% diversity score or spatial distribution across cities in the metropolitans. The
foreigner-Japanese population mix shows that in some areas, like Hinohara, the population
composition is very homogenous with a diversity score of an average of 2.5%. However,
cites like Shinjuku, Minato, Toshima, Arakawa, and Taito are highly diversified, with an
average score of more than 50%. This may suggest that in some cities, more effort may be
required to improve the resilience of foreign residents to disasters than that for others.

Nevertheless, the isolation index, as explained above, offers further interpretation
of the diversity and how approaches and measures for disaster preparedness could be
inferred to be progressing. From the analysis of Equation (2), the isolation index reveals
that, on average, there is a 95% probability that a foreigner (non-Japanese) would interact
with or meet a Japanese national. This gives the indication that although the diversity in
some cities may be low or high, there is still the possibility of interactions and encounters.
These are vital in the event of disasters and preparedness.

5.2. Disaster Vulnerability and Locational Preferences

A critical component of preparing or managing disasters is to understand the modus
operandi of the available risks as prioritized in the Sendai Framework for Action 2015-2030.
Therefore, the Headquarters for Earthquake Research Promotion, Japan, after a series of
analyses, concluded that the next 30 years presents a critical moment in the country, which
requires urgent attention, planning, monitoring, and evaluation. That is, there is a 70%



Int. |. Environ. Res. Public Health 2021, 18, 4061 10 0f 17

possibility that a large inland earthquake would hit the southern Kanto area, with an
epicenter directly below the metropolitan area [65]. Based on this scenario, its impact on
buildings and the outbreaks of fires from the impact, in addition to envisaged difficulties
of management authorities to curtail the situation, have since 1975 been analyzed and
assessed every five years to generate an impact assessment on communities across the TMA.
The eighth assessment examined 5177 communities in Tokyo, and gives the vulnerability of
communities per the impact in most urbanized districts of the metropolis as reproduced in
this study by the map, as shown in Figure 6. It is clear that the north-eastern and western
section within most of the 23 special wards may suffer the most. The reasons assigned to
areas exhibiting high risk include the presence of several wooden houses, alluvial lowlands,
and narrow road networks amongst others.

Legend

Diversity Score
[ 2%
[ et0m
L m-20%
B 2140
B 2150

0255 10 15 20 25
O O Km

Figure 5. Diversity within cities in the Tokyo metropolitan area.
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Figure 6. Earthquake impact risk assessment. Source: based on data from the Bureau of Urban
Development, Tokyo Metropolitan Government (MiFZ12 B 3 2 Huw fa g s HE 2 | 1 s ERER T EL
fifi ) tokyo.lg.jp (accessed 2 December 2020).

By calculating the areas attributed to the various risk category levels in Figure 6,
this study establishes that the low-ranked category (rank 1) constitutes the highest with
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about 55% of land area, whilst rank 5 represents the lowest, with 1.23% of land area. This
indicates a proportionally low vulnerable area compared to areas that seem safe. However,
the report indicates that rank 5 has 85 buildings per hectare at risk of collapse [66]. This
notwithstanding, measures are already in place to make the city resilient to disasters,
including the retrofitting of properties and infrastructures with enhanced seismic resistance
material and technology [67].

A number of case studies compiled by some studies [68] express the need to highlight
or pay important attention to migrant population, risk, and disaster preparedness activities.
This assertion stems from the fact that limited language proficiency, limited knowledge
of their destination’s hazards, laws, discrimination, and others become highly profound
in disaster events. Besides these, behavior of migrants before and after disasters makes
it important to include or recognize them as a unique entity in risk assessment [19,54].
Therefore, as evidenced in the above discussion about the clustering in certain areas of the
metropolis, there is an implication of potential difficulties should a disaster occur. Thus,
a clear representation of this potential vulnerability can be observed from the weighted
sum results of the earthquake risk impact assessment and the foreign residents’” population
grid density.

As seen in Figure 7, the results from this combined scenario show a different output
from Figure 6. That is, the radius that contains most of the foreign residents also exhibits
high-risk levels. This in part can be explained by the earlier discussion on migrants’ choice
of location and also highlights a point that locational attractiveness and other migrant
connections supersede the obvious presence or availability of risk. Therefore, recalculating
the risk areas after adding population densities of low to high with the rank categories
from low to high shows changes in risk levels. From Table 1, it can be seen that the density
variable alters the community vulnerability levels from the initially examined earthquake
impact assessment. The area for rank level 5 increased from 1.23% to 2.8% of space, whilst
combined levels of 4 and 5 rises from 5.42% to 13.46%. This indicates that should there be a
mass collapse of buildings as initially suggested, many foreigners in certain regions may
need further assistance. At this stage, a conclusion on these results would be inconclusive,
because the earlier section discussion pointed to a promising picture of a more open society
where most cities are diverse with high interaction rates. The results from the online survey
shed more light on these issues.

Legend

Vulnerability Rank

Figure 7. Vulnerability areas for non-Japanese.
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Table 1. Calculated areas of risk categories.

Rank Earthquake Impact Vulnerability Risk Vulnerability Risk
No. of Pixels Y% No. of Pixels %

1 181,923,630 54.88% 156,577,182 43.96%

2 92,037,529 27.76% 127,079,498 35.68%

3 39,590,981 11.94% 24,574,898 6.90%

4 13,884,722 4.19% 37,715,789 10.59%

5 4,086,091 1.23% 10,224,360 2.87%
100.00% 100.00%

5.3. Disaster Preparedness Perspectives of Foreign Residents

Over 50% of the respondents to the survey were students, whilst the rest represents
other professions. According to the Japanese Disaster Countermeasures Basic Act (Act No.
223, 15 November 1961) Article 7.2. “ ... . residents of an area under local government
are obligated to contribute toward the cause of disaster prevention by taking their own
measures to prepare for disaster and by participating in voluntary disaster prevention
groups etc.”. This suggests that the guaranteed safety from disasters depends on the
preparation of the individual. However, studies advocate that the approaches undertaken
by people to meet such obligation depend on some qualities or attitudes of the person. A
previous study [69] recognized these as risk identification, cognitive properties, emotional
instinct, trust, and behavior of the person towards the risk. Therefore, the portrayal of an
observed vulnerability, risk, or disaster impact may not reflect on the view of the person
involved. This is evidenced from the survey as to the perspective of the recognition of risk
such that although about 62.3% of respondents have experience of disasters in Japan, nearly
27% stated that they are not prepared and have no clue what to do should a disaster occur.
This notwithstanding, 62% have no idea if they are prepared or not prepared, with only
11% stating that they are prepared for disasters in the country. These responses could have
arisen from the fact that only 49% believe their area of residence are high disaster-prone
areas, with the rest either not sure of the situation or believe there is no worry for disasters
in their areas, as shown in Table 2.

Table 2. Perception of disaster at areas of residence and disaster preparedness.

Disaster Preparedness (%)

My Area of Residence Is a High Total (%) of High
Disaster-Prone Area Yes Somewhat No Disaster-Prone Area
Prepared
6.6 31.1 11.3 49.1
Agree % of disaster
preparedness 58.3 50.0 429
response
19 17.0 9.4 28.3
Neither agree % of disaster
nor disagree preparedness 16.7 27.3 35.7
response
2.8 14.2 5.7 22,6
Disagrec % of disaster
& preparedness 25.0 27 214
response
o .
Total Total % of disaster 4, 5 62.3 26.4 100

preparedness

Further probing into this potential lapse in preparedness also shows that in as much
as they may not be prepared, there is a strong trust in information from local and national
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governments (89%). This is crucial if compared with the situation during the 2005 Hurricane
Katrina. According to [70], the distrust of authorities, particularly from minority ethnic
groups, was one of the many reasons for the lapses in response to evacuation warnings,
which resulted in several casualties.

6. Implications

The results from this study give two indications with respect to spatial vulnerabili-
ties and the attributes of the population. By combining earlier studies on non-Japanese
nationals and disaster situations from the works of [17,22,30], the following key challenges
and opportunities emerge: a) the proximity of the residential neighborhoods of foreign
residents” aid evacuation processes but b) brings challenges at the evacuation shelters due
to ethnic differences and the Japanese culture, and also c) dispersing residential locations
creates some challenges in disaster and evacuation management, such that d) the increasing
number of foreign residents means a new framework of planning that involves the consid-
erations of the needs of these different population mixes. However, the approach adopted
and the result from this study can enhance disaster inclusive planning that addresses most
of the issues above. Since this study identifies greater interactions between groups and
Japanese nationals, it could be a way to enhance the Multicultural Coexistence Initiative
(Tabunka Kyosei) and the Zero Information Refugee Project (Johd nanmin zero purojekuto),
which are aimed at smoothening the disaster information transmission and the transition
of non-Japanese nationals into the local communities in areas such as Shinjuku, Nakano,
Arakawa, Katsushika, Adachi, and Edogawa. Additionally, special attention could be
given to the vulnerable areas, which have been enhanced by the high density of foreign
residents. Furthermore, this identification of clustering can offer insight into evacuation
planning and management of evacuation centers. This is because each clustered area has a
dominant migrant group, which can be useful when planning the language, food, and type
of information to give through the utilization of some group leaders.

7. Conclusions

This study sought to analyze the vulnerability of foreign residents in the Tokyo
metropolitan area and in Japan through the perspective of population distribution at-
tributes. It highlights that there is indeed an increase in the number of foreign residents
in the country, and it finds evidence that they are spatially clustered in some parts of the
metropolis, especially within the 7 km radius of Minato city. However, there is no evidence
of isolation from their Japanese counterparts, as the study finds a 95% probability that a
non-Japanese national would interact with or meet a Japanese national on a daily basis.
Nevertheless, this result is highly influenced by the 60% diversity in the 23 special wards
compared to the very homogenous areas in the west side of Tokyo, such as Hinohara village,
with a 2.5% diversity score. This notwithstanding, the mere choice for place of residence
within cities may potentially increase their vulnerabilities should an earthquake occur. This
is because high residential density as a potential risk factor could increase casualties or
severe impacts from building collapse, fire outbreaks, and others. The densities in areas
where many non-Japanese nationals reside alter the earthquake community vulnerability
levels from the initially examined earthquake impact assessment in a way that areas ranked
level 5 (from an earthquake risk impact scale of 1—low to 5—high), increase from 1.23%
to 2.8%, whilst combined areas with levels 4 and 5 rise from 5.42% to 13.46%. In previous
studies that used densities and spatial clustering in vulnerability analyses, this situation
would have caused the confirmation of high-density and high-risk areas as vulnerable.

Still, empirical evidence suggests divergent opinions as to how the foreign residents
see the risk around where they live, and this also influences their preparedness for a
disaster in the metropolis. Only about 23% see the areas they live as disaster prone. This
is also reflected in their reactions to disaster preparedness. Around 11% of our sampled
respondents were able to state categorically that they are prepared should there be a
disaster in the country, with the rest either unprepared or having no idea what to expect.
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Although this study shows evidence of the vulnerabilities of foreign residents to
potential disasters, the approach adopted makes it clear that the same attributes that make
them vulnerable are to be utilized to mobilize specifically targeted evacuation procedures,
management of evacuation centers, and disaster risk information dissemination. Further
studies may, however, be needed to understand what draws foreigners to their choice of
living areas, how disaster information and activities are shared in community interactions,
and how these could be enhanced for disaster preparedness.

8. Limitations

It would have been ideal for the sampled population to be taken from the identified
vulnerable areas to effectively correspond them with their vulnerability levels. However,
the COVID-19 pandemic restrictions made it impossible.

Furthermore, the probability of interactions as depicted in this study may have limita-
tions in terms of giving further information as to how much it can contribute to overall
vulnerability in both quantitative and qualitative terms. Therefore, further studies may be
required to understand how interactions are correlated to vulnerability through empirical
data collection and analysis, especially in the 23 special wards of the Tokyo metropolitan
area. Nevertheless, the approach adopted gives a fair idea of issues that can be utilized to
reduce risk and enhance resilience to disasters in the cities.

Author Contributions: Conceptualization, methodology and software, B.A.-G.; validation, formal
analysis, investigation, resources, B.A.-G. and R.S.; data curation, B.A.-G.; validation, writing—
original draft preparation, B.A.-G.; writing—review and editing, visualization, supervision, R.S.;
project administration and funding acquisition, B.A.-G. and R.S.; All authors have read and agreed to
the published version of the manuscript.

Funding: This research was funded by the Keio University Taikichiro Mori Memorial Research
Fund 2020.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Publicly available datasets were analyzed in this study. This data
can be found here: https://www.toshiseibi.metro.tokyo.lg.jp/bosai/chousa_6/home.htm, https:
//www.e-stat.go.jp/en (accessed on 15 October 2020).

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Vollset, S.E.; Goren, E.; Yuan, C.-W.; Cao, ].; Smith, A E.; Hsiao, T.; Bisignano, C.; Azhar, G.S.; Castro, E.; Chalek, J.; et al. Fertility,
mortality, migration, and population scenarios for 195 countries and territories from 2017 to 2100: A forecasting analysis for the
Global Burden of Disease Study. Lancet 2020. [CrossRef]

Ferris, H.; Wilson, L.T. Concepts and Principles of Population Dynamics; Dickson, D.W., Veech, J.A., Eds.; Vistas on Nematology,
Society of Nematologists: Hyattsville, MD, USA, 1987; pp. 372-376.

United Nations Department of Economic and Social Affairs, Population Division. World Fertility Report 2015—Highlights
(ST/ESA/SER.A/415); United Nations: New York, NY, USA, 2017.

Bauer, R.; Rees, P.; Boden, P,; De Jong, A.; Kupiszewski, M.; Jasinska, M.; Dennett, A. DEMIFER: Demographic and Migratory
Flows Affecting European Regions and Cities. 2010. Available online: http://www.espon.eu/main/Menu_Projects/Menu_
AppliedResearch/demifer.html (accessed on 9 September 2020).

United Nations—Department of Economic and Social Affairs -Population Division Population Facts. Popul. Div. 2017, 2017/5,
1-4. Available online: http://www.un.org/en/development/desa/population/migration/publications/populationfacts /docs/
MigrationPopFacts20175.pdf (accessed on 14 January 2021).

United Nations Department of Economic and Social Affairs Population Division. International Migration 2019: Report; United
Nations: New York, NY, USA, 2019.

Campbell, V.A.; Gilyard, J.A.; Sinclair, L.; Sternberg, T.; Kailes, J.I. Preparing for and responding to pandemic influenza:
Implications for people with disabilities. Am. J. Public Health 2009, 99. [CrossRef] [PubMed]

Etyang, O. COVID-19 Pandemic and its Potential Impact on The Health Sector in the COMESA Region. COVID-19 Pandemic
Potential Impact Health Sect. COMESA Reg. Introd. 2020, 50, 2-18. Available online: https://au.int/sites/default/files/documents/
38326-doc-cov- (accessed on 14 January 2021).


https://www.toshiseibi.metro.tokyo.lg.jp/bosai/chousa_6/home.htm
https://www.e-stat.go.jp/en
https://www.e-stat.go.jp/en
http://doi.org/10.1016/S0140-6736(20)30677-2
http://www.espon.eu/main/Menu_Projects/Menu_AppliedResearch/demifer.html
http://www.espon.eu/main/Menu_Projects/Menu_AppliedResearch/demifer.html
http://www.un.org/en/development/desa/population/migration/publications/populationfacts/docs/MigrationPopFacts20175.pdf
http://www.un.org/en/development/desa/population/migration/publications/populationfacts/docs/MigrationPopFacts20175.pdf
http://doi.org/10.2105/AJPH.2009.162677
http://www.ncbi.nlm.nih.gov/pubmed/19797741
https://au.int/sites/default/files/documents/38326-doc-cov-
https://au.int/sites/default/files/documents/38326-doc-cov-

Int. J. Environ. Res. Public Health 2021, 18, 4061 15 0f 17

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Phe. Beyond the Data: Understanding the Impact of COVID-19 on BAME Communities. 2020. Available online: www.facebook.
com/PublicHealthEngland (accessed on 14 January 2021).

Li, S. The Conversion of Homogeneous State to Global Society: The Changes in Japan from a Higher Education Perspective.
Procedia Soc. Behav. Sci. 2014, 140, 553-557. [CrossRef]

Kodama, T. Japan’s Immigration Problem: Looking at immigration through the experiences of other countries. Japan’s Econ. 2015,
2015, 1-16.

The Asahi Shimbun. Foreign Population in Japan Reaches Record 2.93 Million at End of December: The Asahi Shimbun. 2020.
Available online: http://www.asahi.com/ajw/articles /13256541 (accessed on 27 February 2021).

Travel Voice. International Visitors to Japan. 2020. Available online: https://www.travelvoice.jp/english/ (accessed on 27
February 2021).

Sata, K.; Okamoto, K.; Takahashi, K.; Tanaka, S.; Yamaoka, K.; Miyao, M. Hardships Suffered by Foreign People from the
Hanshin-Awaji Earthquake and Multilingual Disaster Information. Soc. Med. Res. 2004, 22, 21-28. Available online: http:
/ /jssm.umin.jp/report/no22/22-03.pdf (accessed on 22 November 2020).

Shibamura, Y.; Sudo, N.; Mashiro, G.; Beppu, S.; Hakamata, R.; Saito, K. Personnel training course for businesses regarding the
response to stranded persons focusing on vulnerable people from the perspective of business continuity. Int. J. Environ. Res.
Public Health 2020, 17, 4263. [CrossRef] [PubMed]

Kawasaki, A.; Henry, M.; Meguro, K. Media Preference, Information Needs, and the Language Proficiency of Foreigners in Japan
after the 2011 Great East Japan Earthquake. Int. ]. Disaster Risk Sci. 2018, 9. [CrossRef]

ITO, Y.; ASAMA, Y. Foreign evacuee and disaster multicultural coexistence Yoshiro. Bull. Support Cent. Revival Educ. Miyagi Univ.
Educ. 2015, 3, 87-97. Available online: http://ci.nii.ac.jp/naid/120005557116/ (accessed on 23 November 2020).

Hiroshi, O. Problems of Foreigners in the Event of a Disaster. 2008. Available online: http://www.shinshu-u.ac.jp/faculty/
engineering/department/civil/toyota/toyota/syusoturon/09/etsuyou.pdf (accessed on 22 November 2020).

Li, W.; Airriess, C.A.; Chen, A.C.C.; Leong, KJ.; Keith, V. Katrina and migration: Evacuation and return by African Americans
and Vietnamese Americans in an Eastern New Orleans suburb. Prof. Geogr. 2010, 62, 103-118. [CrossRef]

Zoraster, R.M. Vulnerable populations: Hurricane Katrina as a case study. Prehosp. Disaster Med. 2010, 25, 74-78. [CrossRef]
Llorente-Marrén, M.; Diaz-Fernandez, M.; Méndez-Rodriguez, P; Arias, R.G. Social vulnerability, gender and disasters. The case
of Haiti in 2010. Sustainability 2020, 12, 3574. [CrossRef]

Shimizu, S.; Morita, M.; Okamoto, K. Distribution of Living Areas of Foreigners in Japan. 2015. Available online: http:
/ /www.csis.u-tokyo.ac.jp/csisdays2015/ csisdays2015-ra-pdf/C12.pdf (accessed on 23 November 2020).

Lim, ].H. The Crisis Management System in Germany. Z. Koreanisch-Dtsch. Ges. Soz. 2016, 26, 150. [CrossRef]

Michihiro, K. Local Government in Japan Council of Local Authorities for International Relations. 2010; Volume 2016. Available
online: http://www.jlgc.org.uk/en/pdfs/LocalGovernmentInfapan2010.pdf (accessed on 19 January 2021).
ISDR/ITC/UNDP/United Nations. Local Governments and Disaster Risk Reduction Good Practices and Lessons Learned A Contribution
to the “Making Cities Resilient” Campaign 2010; UNISDR: Geneva, Switzerland, 2010.

Ritsu, Y.; Masana, T. Broadcasting in a Multicultural Society: A Case Study in Hamamatsu. NHK Broadcasting Studies 2011 No.
9: Tokyo, Japan. 2011. Available online: https://www.nhk.or.jp/bunken/english/reports/pdf/11_no9_08.pdf (accessed on 14
January 2021).

Gomez, O.A. Lessons from international students’ reaction to the 2011 Great East Japan Earthquake: The case of the school of
engineering at Tohoku University. Int. |. Disaster Risk Sci. 2013, 4, 137-149. [CrossRef]

The Cabinet Office: Government of Japan. Disaster Management in Japan. 2015. Available online: http://www.bousai.go.jp/
linfo/pdf/saigaipanf_e.pdf (accessed on 15 January 2021).

Niwa, Y.; Burgess, A.; Ito, K. Questionnaire Study on the Relationship Between Disaster Awareness and the Recognition of
Evacuation Points. Urban Reg. Plan. Rev. 2018, 5, 43—66. [CrossRef]

Kataoka, H. Consideration of “Foreigner” Treated in the Local Disaster Prevention: A Study for Re-questioning the “Local
Community” From Ethnicity Research. Geogr. Sp. 2017, 9, 285-299. [CrossRef]

Meredith, L.S.; Shugarman, L.R.; Chandra, A.; Taylor, S.L.; Stern, S.; Beckjord, E.B.; Parker, A.M.; Tanielian, T. Analysis of Risk
Communication Strategies and Approaches with At-Risk Populations to Enhance Emergency Preparedness, Response, and Recovery Final
Report; Department of Health and Human Services: Washington, DC, USA, 2008. Available online: https://aspe.hhs.gov/system/
files/pdf/75866/emergfr.pdf (accessed on 1 October 2020).

Japan Tourism Agency, Ministry of Land, Infrastructure, Transport and Tourism. Guidelines for Formulating an Initial Response
Manual for Foreign Tourists Visiting Japan in the Event of a Natural Disaster; MLIT: Tokyo, Japan, 2014; Available online: https:
//www.mlit.go.jp/common/001058526.pdf (accessed on 16 October 2020).

Sakurai, M.; Adu-Gyamfi, B. Disaster-resilient communication ecosystem in an inclusive society—A case of foreigners in Japan.
Int. ]. Disaster Risk Reduct. 2020, 51. [CrossRef]

UN General Assembly. Report of the Open-Ended Intergovernmental Expert Working Group on Indicators and Terminology Relating to
Disaster Risk Reduction; UN General Assembly: New York, NY, USA, 2016; Volume 21184, pp. 1-41.

Weichselgartner, J. Disaster mitigation: The concept of vulnerability revisited. Disaster Prev. Manag. An Int. J. 2001, 10, 85-94.
[CrossRef]


www.facebook.com/PublicHealthEngland
www.facebook.com/PublicHealthEngland
http://doi.org/10.1016/j.sbspro.2014.04.469
http://www.asahi.com/ajw/articles/13256541
https://www.travelvoice.jp/english/
http://jssm.umin.jp/report/no22/22-03.pdf
http://jssm.umin.jp/report/no22/22-03.pdf
http://doi.org/10.3390/ijerph17124263
http://www.ncbi.nlm.nih.gov/pubmed/32549261
http://doi.org/10.1007/s13753-018-0159-8
http://ci.nii.ac.jp/naid/120005557116/
http://www.shinshu-u.ac.jp/faculty/engineering/department/civil/toyota/toyota/syusoturon/09/etsuyou.pdf
http://www.shinshu-u.ac.jp/faculty/engineering/department/civil/toyota/toyota/syusoturon/09/etsuyou.pdf
http://doi.org/10.1080/00330120903404934
http://doi.org/10.1017/S1049023X00007718
http://doi.org/10.3390/su12093574
http://www.csis.u-tokyo.ac.jp/csisdays2015/csisdays2015-ra-pdf/C12.pdf
http://www.csis.u-tokyo.ac.jp/csisdays2015/csisdays2015-ra-pdf/C12.pdf
http://doi.org/10.19032/zkdgs.2016.03.26.1.150
http://www.jlgc.org.uk/en/pdfs/LocalGovernmentInJapan2010.pdf
https://www.nhk.or.jp/bunken/english/reports/pdf/11_no9_08.pdf
http://doi.org/10.1007/s13753-013-0015-9
http://www.bousai.go.jp/1info/pdf/saigaipanf_e.pdf
http://www.bousai.go.jp/1info/pdf/saigaipanf_e.pdf
http://doi.org/10.14398/urpr.5.43
http://doi.org/10.24586/jags.9.3_285
https://aspe.hhs.gov/system/files/pdf/75866/emergfr.pdf
https://aspe.hhs.gov/system/files/pdf/75866/emergfr.pdf
https://www.mlit.go.jp/common/001058526.pdf
https://www.mlit.go.jp/common/001058526.pdf
http://doi.org/10.1016/j.ijdrr.2020.101804
http://doi.org/10.1108/09653560110388609

Int. J. Environ. Res. Public Health 2021, 18, 4061 16 of 17

36.

37.

38.

39.
40.

41.

42.

43.

44.

45.

46.
47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.
61.

62.

63.

64.

Twigg, J. Risk perception, public education and disaster risk management. In Advances in Natural and Technological Hazards
Research; Springer: Dordrecht, The Netherlands, 2013; Volume 33, pp. 171-182.

Singh, S.R.; Eghdami, M.R,; Singh, S. The Concept of Social Vulnerability: A Review from Disasters Perspectives. Int. . Interdiscip.
Multidiscip. Stud. 2014, 1, 71-82. Available online: http:/ /www.ijims.com (accessed on 8 December 2020).

Aliabadi, S.F.; Sarsangi, A.; Modiri, E. The social and physical vulnerability assessment of old texture against earthquake (case
study: Fahadan district in Yazd City). Arab. J. Geosci. 2015, 8, 10775-10787. [CrossRef]

Cutter, S.L.; Boruff, B.].; Shirley, L.W. Cutter. Socail Vulnerability.pdf. Soc. Sci. Q. 2003, 84, 242-261. [CrossRef]

Jeong, S.; Yoon, D.K. Examining vulnerability factors to natural disasters with a spatial autoregressive model: The case of south
Korea. Sustainability 2018, 10, 1651. [CrossRef]

Borden, K.A.; Schmidtlein, M.C.; Emrich, C.T.; Piegorsch, W.W.; Cutter, S.L. Vulnerability of U.S. cities to environmental hazards.
J. Homel. Secur. Emerg. Manag. 2007, 4. [CrossRef]

Holand, L.S.; Lujala, P; Rod, J.K. Social vulnerability assessment for Norway: A quantitative approach. Nor. Geogr. Tidsskr. 2011,
65, 1-17. [CrossRef]

Salas, J.; Yepes, V. VisualUVAM: A decision support system addressing the curse of dimensionality for the multi-scale assessment
of urban vulnerability in Spain. Sustainability 2019, 11, 2191. [CrossRef]

Salas, J.; Yepes, V. Enhancing sustainability and resilience through multi-level infrastructure planning. Int. J. Environ. Res. Public
Health 2020, 17, 962. [CrossRef]

Salas, J.; Yepes, V. Urban vulnerability assessment: Advances from the strategic planning outlook. J. Clean. Prod. 2018, 179,
544-558. [CrossRef]

Massey, D.S.; Denton, N.A. The dimensions of residential segregation. Soc. Forces 1988, 67, 281-315. [CrossRef]

Forest, B. Measures of Segregation and Isolation. New Hampshire, Dartmouth College, 2005. Available online: https://www.
dartmouth.edu/~{}segregation/IndicesofSegregation.pdf (accessed on 10 February 2021).

Austin, M.; And, T.; Rawlings, L. Promoting Neighborhood Diversity: Benefits, Barriers, and Strategies; The Urban Institute: Wash-
inton, DC, USA, 2009; Available online: https://www.urban.org/sites/default/files/publication /30631 /411955-Promoting-
Neighborhood-Diversity-Benefits-Barriers-and-Strategies. PDF (accessed on 10 February 2021).

Fahey, E.; Russell, H.; McGinnity, F; Grotti, R. Diverse Neighbourhoods: An Analysis of the Residential Distribution of Immigrants in
Ireland; ESRI: Dublin, Ireland, 2019. [CrossRef]

Clark, W.A.V. Residential segregation in American cities: A review and interpretation. Popul. Res. Policy Rev. 1986, 5, 95-127.
[CrossRef]

Iceland, J. Residential Segregation a Transatlantic Analysis. 2014. Available online: www.migrationpolicy.org/transatlantic
(accessed on 10 February 2021).

Squires, G.D.; Kubrin, C.E. Privileged places: Race, uneven development and the geography of opportunity in urban America.
Urban Stud. 2005, 42, 47-68. [CrossRef]

Wang, Y. Decomposing the entropy index of racial diversity: In search of two types of variance. Ann. Reg. Sci. 2012, 48, 897-915.
[CrossRef]

Wilson, B.; Paradise, T. Assessing the impact of Syrian refugees on earthquake fatality estimations in southeast Turkey. Nat.
Hazards Earth Syst. Sci. 2018, 18, 257-269. [CrossRef]

Mendas, A.; Delali, A. Support system based on GIS and weighted sum method for drawing up of land suitability map for
agriculture. Application to durum wheat cultivation in the area of Mleta (Algeria) [Sistema de apoyo basado en SIG y método de
la suma ponderada para elaborar m. Spanish J. Agric. Res. 2012, 10, 34—43. Available online: http:/ /www.scopus.com/inward/
record.url?eid=2-s2.0-84857873010&partnerID=40&md5=27ba6e129fb211e321ac992e778e4e80 (accessed on 23 November 2020).
Yin, S.; Li, J; Liang, J.; Jia, K.; Yang, Z.; Wang, Y. Optimization of the weighted linear combination method for agricultural land
suitability evaluation considering current land use and regional differences. Sustainability 2020, 12, 134. [CrossRef]

ESRI. Weighted Sum (Spatial Analyst)—ArcGIS Pro | Documentation. 2021. Available online: https://pro.arcgis.com/en/pro-
app/latest/tool-reference/spatial-analyst/weighted-sum.htm (accessed on 26 March 2021).

Yamashita, M. Foreigners in Japan Hit Record as Tokyo Rolls Out Welcome Mat. Nikkei Asian Website. Available online: https:
/ /asia.nikkei.com/Spotlight/Japan-immigration/Foreigners-in-Japan-hit-record-as-Tokyo-rolls-out-welcome-mat (accessed on
25 December 2020).

Comley, P; Beaumont, J. Online research: Methods, benefits and issues—Part 2. |. Direct, Data Digit. Mark. Pract. 2011, 13, 25-39.
[CrossRef]

Liebowitz, S.J.; Margolis, S.E. Path dependence, lock-in, and history. J. Law Econ. Organ. 1995, 11, 205-226. [CrossRef]

Liu, W,; Sidhu, A.; Beacom, A.M.; Valente, T.W. Social Network Theory. In The International Encyclopedia of Media Effects; Wiley:
Hoboken, NJ, USA, 2017; pp. 1-12.

Wagaya Journal. Popular Residential Areas for Foreigners (23 Special Wards of Tokyo). 2019. Available online: https://wagaya-
japan.com/en/journal_detail. php?id=1563 (accessed on 28 February 2021).

Musterd, S. The impact of immigrants’ segregation and concentration on social integration in selected European contexts. Doc.
D’analisi Geografica 2011, 57, 359-380. [CrossRef]

Kreimer, A.; Arnold, M.; Carlin, A.; The (WB) World Bank. Building Safer Cities, the Future of Disaster Risk; World Bank Publications:
Washington, DC, USA, 2003.


http://www.ijims.com
http://doi.org/10.1007/s12517-015-1939-8
http://doi.org/10.1111/1540-6237.8402002
http://doi.org/10.3390/su10051651
http://doi.org/10.2202/1547-7355.1279
http://doi.org/10.1080/00291951.2010.550167
http://doi.org/10.3390/su11082191
http://doi.org/10.3390/ijerph17030962
http://doi.org/10.1016/j.jclepro.2018.01.088
http://doi.org/10.2307/2579183
https://www.dartmouth.edu/~{}segregation/IndicesofSegregation.pdf
https://www.dartmouth.edu/~{}segregation/IndicesofSegregation.pdf
https://www.urban.org/sites/default/files/publication/30631/411955-Promoting-Neighborhood-Diversity-Benefits-Barriers-and-Strategies.PDF
https://www.urban.org/sites/default/files/publication/30631/411955-Promoting-Neighborhood-Diversity-Benefits-Barriers-and-Strategies.PDF
http://doi.org/10.26504/bkmnext376
http://doi.org/10.1007/BF00137176
www.migrationpolicy.org/transatlantic
http://doi.org/10.1080/0042098042000309694
http://doi.org/10.1007/s00168-010-0426-0
http://doi.org/10.5194/nhess-18-257-2018
http://www.scopus.com/inward/record.url?eid=2-s2.0-84857873010&partnerID=40&md5=27ba6e129fb211e321ac992e778e4e80
http://www.scopus.com/inward/record.url?eid=2-s2.0-84857873010&partnerID=40&md5=27ba6e129fb211e321ac992e778e4e80
http://doi.org/10.3390/su122310134
https://pro.arcgis.com/en/pro-app/latest/tool-reference/spatial-analyst/weighted-sum.htm
https://pro.arcgis.com/en/pro-app/latest/tool-reference/spatial-analyst/weighted-sum.htm
https://asia.nikkei.com/Spotlight/Japan-immigration/Foreigners-in-Japan-hit-record-as-Tokyo-rolls-out-welcome-mat
https://asia.nikkei.com/Spotlight/Japan-immigration/Foreigners-in-Japan-hit-record-as-Tokyo-rolls-out-welcome-mat
http://doi.org/10.1057/dddmp.2011.23
http://doi.org/10.2139/ssrn.1706450
https://wagaya-japan.com/en/journal_detail.php?id=1563
https://wagaya-japan.com/en/journal_detail.php?id=1563
http://doi.org/10.5565/rev/dag.226

Int. J. Environ. Res. Public Health 2021, 18, 4061 17 of 17

65.
66.

67.

68.

69.

70.

Okada, N.; Matsuda, Y. Community Diagnosis for Sustainable Disaster Preparedness. ]. Nat. Disaster Sci. 2006, 28, 25-33.
Enomoto, S.; Matsumura, H.; Ikeda, K. Nuclear outlook for the century. J. At. Energy Soc. Japan At. Energy Soc. Japan 1999, 41,
457-460. [CrossRef]

Bureau of Urban Development. The Eighth Community Earthquake Risk Assessment Study. Tokyo Metropolitan Government:
Toyko, Japan, 2018. Available online: https://www.toshiseibi.metro.tokyo.lg.jp/bosai/chousa_6/download/earthquake_risk.pdf
(accessed on 14 February 2021).

Guadagno, L.; Fuhrer, M.; Twigg, ]. Migrants in Disaster Risk Reduction. Practices for Inclusion. May 2017. Available online: http:
/ /micicinitiative.iom.int/sites /default/files /resource_pub/docs/migrants_in_drr_230517_02.pdf (accessed on 10 January 2021).
Helander, M.G.; Khalid, H.M. Analysis of disaster risk attitudes in situation awareness: A cultural and gender perspective. Proc.
Hum. Factors Ergon. Soc. 2016, 1513-1517. [CrossRef]

Cordasco, K.M.; Eisenman, D.P,; Glik, D.C.; Golden, J.E; Asch, SM. “They blew the levee”: Distrust of Authorities among
hurricane katrina evacuees. J. Health Care Poor Underserved 2007, 18, 277-282. [CrossRef] [PubMed]


http://doi.org/10.3327/jaesj.41.457
https://www.toshiseibi.metro.tokyo.lg.jp/bosai/chousa_6/download/earthquake_risk.pdf
http://micicinitiative.iom.int/sites/default/files/resource_pub/docs/migrants_in_drr_230517_02.pdf
http://micicinitiative.iom.int/sites/default/files/resource_pub/docs/migrants_in_drr_230517_02.pdf
http://doi.org/10.1177/1541931213601347
http://doi.org/10.1353/hpu.2007.0028
http://www.ncbi.nlm.nih.gov/pubmed/17483557

	General Introduction 
	The Tokyo Metropolitan Area 
	Disasters and Vulnerabilities of Foreign Residents in Japan 
	Existing Approach and Selected Methodology 
	Residential Segregation Indicators 
	Residential Clustering 
	Vulnerability Assessment and Data Source 
	Empirical Data Collection and Analysis 

	Results and Discussion 
	Population Changes and Unique Locational Preferences 
	Disaster Vulnerability and Locational Preferences 
	Disaster Preparedness Perspectives of Foreign Residents 

	Implications 
	Conclusions 
	Limitations 
	References

