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Abstract 

Japan is a country that is normally considered to be well 
protected against storm surges, with the population aware 
of the potential consequences of such events. However, 
the inundation caused by typhoon Jebi in 2018 at Osaka 
Bay has highlighted that there is a significant risk of 
flooding in many areas. In the present paper the authors 
conducted questionnaire surveys with the aim to gauge the 
level of storm surge awareness and intended evacuation 
behaviour of the population of low-lying areas of Tokyo 
City. The results indicate that respondents have a high 
awareness regarding storm surges, but lower actual 
knowledge about the risk in their area and the evacuation 
plan. Respondents who have higher risk awareness about 
storm surges often had participated in evacuation drills, 
and those who knew about the inundation map tend to 
indicate that they would perform long-distance 
evacuation. It was also found that respondents who are in 
their 30s have lower awareness than other age groups. 
Keywords: storm surge; awareness; natural hazards; Japan; 
intended evacuation behaviour 

 

1. Introduction  
Awareness about the risk associated with storm surges and 
the existence or not of appropriate coastal defence systems 
can influence the level of casualties resulting from tropical 
cyclones, as shown by the events of major storms that have 
taken place in recent years, including hurricane Katrina in 
the USA in 2015 (Shibayama, 2015), cyclone Sidr in 
Bangladesh in 2007 (Tasnim et al, 2015), cyclone Nargis in 
Myanmar in 2008 (Tasnim et al, 2014), hurricane Sandy in 
the USA in 2012 (Mikami et al., 2015) or typhoon Haiyan in 
the Philippines in 2013 (Mikami et al., 2016, Takagi et al., 
2015), amongst others.  
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 Japan is a country that is frequently affected by tropical 
cyclones, some of which cause widespread damage. Much of 
this damage is due to wind, though storm surges have 
historically also been a major problem. One of the most 
important events from the point of view of disaster risk 
management was the 1959 Isewan Typhoon (Vera), which 
generated a 3.5m storm surge in Ise Bay in Japan (Kawai et 
al., 2006). The storm breached the dikes in the area and 
flooded the low-lying lands behind them, causing 
widespread destruction. In the aftermath of this event, the 
Japanese Government determined that defences around the 
country would be designed to withstand such a typhoon 
(i.e. it was designated as the “standard strong typhoon” 
against which defences should be built). As a result, 
extensive coastal defences have since been built around the 
country, which are designed against one of the two 
following criteria (Kawai et al., 2006): 

-The sum of the mean spring high tide level and the 
maximum storm surge recorded at a tide station or 
simulated assuming this “standard typhoon” 

-The highest tidal level recorded at a tide station.  

The first criteria was adopted for densely and seriously 
important bay areas such as Tokyo, Ise and Osaka Bays, 
while the second criteria is used for the central region of the 
Seto Inland Sea (Kawai et al., 2006). As a result of such 
countermeasures, the cities around Tokyo Bay have not 
suffered any major damage since the typhoon in the 6th year 
of the Taisho period (in 1917). This typhoon caused 
widespread damage, flooding over 200 km2 and leaving over 
1300 people dead or missing. The lowest pressure recorded 
during the passage of the typhoon was 952.7hPa, and the 
maximum storm surge measured was +2.1 m (corresponding 
to a T.P. (Tokyo Pail ) level of +3.0 m (Miyazaki (1970)). 

Despite the presence of such coastal defences 
throughout the coastline of the country, typhoon Jebi in 
2018 went on to flood extensive areas of Kobe and Osaka 
cities (Takabatake et al., 2018). This weather system struck 
Japan as a Category 3 typhoon on the Saffir-Simpson scale, 
and generated a storm surge in excess of T.P. +3.29 m and 
T.P. +2.33 m at Osaka and Kobe’s tidal stations, respectively. 
While most of the defences held, several areas located 
outside of coastal barriers and artificial islands such as 
Ashiya City (east of Kobe City) were flooded (Takabatake et 
al., 2018).Many local residents did not evacuate during the 
typhoon, weathering the storm in their houses (Takabatake 
et al., 2018). Japanese people can typically be considered to 
be highly aware about the dangers of natural hazards in 
general, and typhoons and storm surges in particular, given 
the large amount of investments and efforts that are being 
placed into education and training (Kuwasawa et al., 2010, 
Kodama et al., 2013, Tanimoto and Sano, 2018). However, 
their awareness about the potential consequences of high 
intensity typhoons might not be as high as the authorities 
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would expect, highlighting the need to clarify the intended 
evacuation behaviour (if any) of residents.  

Awareness about storm surges throughout the world 
might not be as high as many disaster risk managers believe. 
For the case of typhoon Haiyan in the Philippines in 2013, 
residents did not to correctly understand the phenomenon, 
with many stating that it would have been better for 
authorities to describe it as a “tsunami” (Esteban et al., 2015, 
Leelawat et al., 2014). The awareness that inhabitants have 
about a storm surge appears to be location specific, 
depending on a number of factors such as education, 
culture, and the policies of local and national governments 
(Esteban et al., 2013). This level of awareness is likely to 
decrease with time after a given event (Esteban et al., 2015), 
unless appropriate education and societal awareness 
strategies are put in place (Esteban et al, 2015, Suppasri et al, 
2015), though even without it some degree of awareness can 
manage to be transmitted in the form of stories told from 
one generation to the next (Gaillard et al., 2008, Viglione et 
al., 2014).  

It is not only necessary for people to have a high 
awareness about potential natural hazards, but to also know 
how to evacuate in case these events breach coastline 
defences. A number of different studies have been 
conducted regarding evacuation intent. In the United states, 
several studies have set out to investigate the intended or 
hypothetical evacuation behaviour from hurricanes 
(Whitehead et al., 2000, Huang et al., 2016), wildfires 
(Mozumder et al., 2008, McLennan et al., 2019) or tsunamis 
(Fraser et al., 2013, 2016, San Carlos-Arce et al., 2017, Lindell 
et al., 2015, Wei et al., 2017). Other studies have attempted 
to clarify the willingness to evacuate of specific groups such 
as older adults (Gray-Graves et al., 2010) or tourists (Fraser 
et al., 2013, San Carlos-Arce et al., 2017, Matsumaru and 
Kawaguchi, 2015). Other surveys on knowledge, attitude and 
practice have been carried out in Vietnam (Esteban et al., 
2014), Trinidad and Tobago (Kanhai et al., 2016, Esteban et 
al., 2015) or in Japan after disasters had already taken place 
(Yun and Hamada, 2015). The influence of awareness of 
local residents’ and tourists’ evacuation behaviour can be 
checked using computer simulations, which can help model 
the lethality of given events (Takabatake et al., 2017) and 
improve existing countermeasures (Okumura et al., 2017, 
Takabatake et al. 2018). 

Considering the risk of their defence system being 
breached by an intense storm surge, five wards in Tokyo 
City (namely Adachi, Edogawa, Katsushika, Koto and 
Sumida wards) started to prepare long-distance evacuation 
plans for the eventuality that a strong typhoon with heavy 
rain affects the city. If their defence system is breached by a 
strong typhoon, extensive areas could be flooded for over 
two weeks (due to their ground elevation being lower than 
sea level, and the need to then pump out the flooded water). 
Thus, if people do not perform a long-distance evacuation 
(i.e., evacuate to areas outside the inundation zone) before a 
typhoon makes landfall, they could be forced to survive in 
their house surrounded by the sea water (without any 
electricity, fresh water supply or functioning sewage 

systems). Research was carried out to verify the capacity of 
evacuation areas (Makinodan et al. 2013) and the possibility 
of conducting long-distance evacuation using public train 
(Kato and Miyagawa, 2011). However, although research 
continues on the feasibility of long-distance evacuation 
plans (Katada et al. 2018), at present little attention has 
been paid to the degree of disaster awareness about storm 
surges and knowledge about the concept of long-distance 
evacuation. Thus, there is a fear that very few citizens could 
actually perform a long-distance evacuation, and might 
prefer to stay in their residences instead (as their houses 
might be well-designed concrete structured and the 
inundation water depth would be relatively limited). The 
authors conducted a questionnaire survey of residents of 
Koto and Edogawa wards, the two districts of Tokyo whose 
elevation is currently below mean water level (Endo et al. 
2001) as a consequence of groundwater extraction during 
the 20th century, with the aim to obtain a picture of the 
level of awareness and intended evacuation behaviour in the 
case of a storm surge. Finally, based on the results of the 
research the authors make suggestions that could improve 
disaster risk management in the area.  

2. Methodology 

2.1. Study Area 

The “Greater Tokyo” area, with 37 million people, 
constitutes the most populated megalopolis in the world 
(Japan Statistics Bureau, 2015). Within this vast 
metropolitan area, the administrative boundaries of Tokyo 
City itself encompass 13.5 million inhabitants (Japan 
Statistics Bureau, 2015), with other major cities such as 
Yokohama and Kawasaki making up the rest. Tokyo alone 
has a Gross Domestic Product (GDP) higher than any other 
city in the world, exceeding even London and New York 
City, with a gross output of 1,479 billion US dollars 
(PricewaterhouseCoopers, 2009). In terms of geography, 
Tokyo can be broadly divided into three parts, a hilly side to 
the west, a low-relief plateau in the centre, and alluvial 
deposits in the eastern lowlands, which are known as the 
Koto delta. During the Edo period (which ended in 1868) 
the lowlands had an extensive network of canals, though 
following the Meiji restoration significant alterations were 
made to the waterways around the low-lying parts of Tokyo 
in the 20th century, resulting in its present-day topography. 
Following this period, Tokyo was affected by significant 
land subsidence due to development during the post-war 
economic revival. Particularly, land subsidence accelerated 
during the 1950s and 1960s (Nakajima et al., 2012) due to 
groundwater extraction, for either industrial purposes or the 
extraction of natural gas (Tokyo Metropolitan Government, 
2010). The Japanese Government enacted and enforced a a 
number of regulations, and by 1973 subsidence was under 
control. 

Nevertheless, as a result of that historic subsidence 
many areas of Koto and Edogawa wards (see Fig. 1) are 
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currently several metres below mean sea level and would be 
flooded if the riverbanks and seawalls around their 
perimeter were overcome by a storm surge (see Fig. 2 and 
Hoshino et al. 2016). These two wards are characterized by 
the rivers that run through them, the Sumida, Arakawa and 
Edogawa rivers. They are mostly residential areas for people 
working in central Tokyo, with a population of 513,197 (Koto 
ward website, 2018) and 694,896 (Edogawa ward website, 
2018). The wards are well connected and integrated to the 
rest of the city and are served by several train lines.  

Throughout the wards, a multitude of storm surge and 
tsunami flooding countermeasures can be found (examples 
are shown in Fig. 2). These include levees surrounding the 
entire perimeter of each area, storm surge gates protecting 
the entrance of rivers and canals, elevated entrances of 
subway stations and flood gates, and a sewage system and 
pump facilities that are able to discharge excess rainwater. 
These countermeasures show that disaster preparedness is 
taken seriously by the authorities, though these defences 
could be overcome by a strong storm surge. 

 
Figure 1 Map of Edogawa and Koto wards, within Tokyo city  

  
Figure 2 Left: Riverside of Edogawa ward. Right: view from the top 

of the dyke shown on the left side. The entire area would be flooded 
if the riverbanks were to fail 

2.1. Sample 

Surveys were conducted using two different methodologies, 
with the results for each presented separately. First, a survey 
was administered to a convenience sample of residents on 
the  14th, 16th, 19th, 25th of August and 15th of September 
2018 (mostly corresponding to Japanese summer holidays, 
which was considered a good opportunity to obtain 

responses from a wide variety of the public). To do this, 
members of the public found in the streets or shopping 
centres were approach while they were walking around, and 
asked if they would be happy to respond to a survey. All 
results were recorded on paper and all answers were kept 
anonymous.  

The authors were particularly interested in the 
awareness of younger respondents who would have been  
unlikely to have experience any flooding events during their 
lifetimes. To collect as many replies from younger people as 
possible, the authors also conducted in parallel an online 
survey, using the same set of questions. For the online 
questionnaire a snowball sampling methodology was used, 
with the lead author first distributing the questionnaire to 
acquaintances who live in the target area, in order to 
attempt to increase the number of younger respondents. 
The survey was made using the Google Forms (Mountain 
View, CA). 

Although the first version of long-distance evacuation 
plan was issued in 2016, the second version was 
coincidentally issued on the 22nd of August 2018. As it was 
widely broadcasted by mass media, respondents who were 
asked after this day would have been more likely to know 
about it. However, the authors did not disaggregate the 
results as the main purpose of the study was to gauge the 
general level of awareness and intended evacuation 
behaviour of local residents (not to evaluate the change in 
it). The survey was originally drafted in English, with the 
translated version into Japanese being administered to 
respondents, who took about 10 minutes per individual to 
complete. The survey was conducted during daytime of 
both working days and holidays (including the Japanese 
“Obon” summer break (around the third week of August), as 
it is easy during this time to find members of the 
community who might not otherwise be easily accessible 
during working hours of other days).  

The questions asked pertained to whether they were 
Japanese or not (and further clarification about their 
birthplace or country of origin, and number of years living 
in Japan), whether they thought they lived in an area which 
was at danger of flooding from the sea or a river (on a 5-
point Likert scale, from 1 (“no danger at all”) to 5 (“very 
strong danger)), if they had experienced a flooding disaster 
in the past (either from a tsunami, storm surge or river 
flood), whether they had joined evacuation drills in the last 
five years, if they knew what a storm surge was and whether 
they thought it was a danger for them (5-point Likert scale), 
whether they will evacuate if a strong typhoon approaches 
(and which mode of transportation they would use), how 
would they evaluate the risk of a storm surge in the area (5-
point Likert), if they knew the long-distance evacuation 
plan for the area and the expected inundation map 
published by Tokyo City, whether they would follow an 
evacuation order one or three days before a typhoon (and if 
they would not do so, then when exactly they would start 
evacuating, or why they would not evacuate at all), and 
from where they obtained information about storm surges. 
Finally, demographic information was also collected (age, 
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occupation, gender, place, where they lived and worked 
(and whether that was in the questionnaire’s target area), 
and who they lived with).  

3. Results 
In total 90 valid responses for the administered 
questionnaires were collected (n = 90), from 99 completed 
questionnaires (most of the responses that were excluded 
were from people living in Sumida ward, which was outside 
of the target area of the study). For the case of the online 
questionaires, 54 valid samples were collected (n = 54), from 
58 completed questionnaires (most invalid samples related 
to people failing to answer questions regarding their age or 
place of birth).  

3.1. Demographics 
Table 1 shows a summary of the demographic information 
for both the administered and online surveys. Generally 
speaking, few foreigners live in this area (only around 5% of 
residents are foreigners, according to Tokyo Metropolitan 
Government [2020]), and only one respondent was a not a 
native Japanese (see Table 1). In addition, local people, 
defined as people who were born in either Koto or Edogawa 
ward, dominated. Office workers constituted about 50% of 
the administered survey, see Table 2. The category of 
“others” contained a wide variety of answers, including 
nurses, civil servants, lawyers, independent business owners 
and executive officers. 68% of respondents living or working 
in “Koto ward” (with the number for the online survey being 
lower, at 57%), and almost all lived with their family, not 
unusual given that this is a residential part of Tokyo and 
that the south part of Koto ward has many high-rise 
apartments build specifically for families (as opposed to 
other apartments blocks in Tokyo that might have smaller 
apartments for single people). 30% of all respondents have 
somebody under the age of 18 living with them (particularly 
high for people in their 30s and 40s), though the majority of 
respondents did not have elderly living with them (81% and 
93% those in the administered and online questionnaires, 
respectively). The greatest majority of people lived in the 
area, though there were also a number of people working in 
the wards. 99% of respondents (for both the administered 
and online questionnaires, n =144) indicated that they were 
Japanese, with most of them originating from Tokyo (53 % 
of respondents), with the second largest group being from 
the Kanto region (which encompasses a number of 
prefectures in the area surrounding Tokyo. 

 
  
 
 
 
 

Table 1 Summary of demographic characteristics of respondents. 
According to census data Koto ward has a population of 518,479 

individuals as of 2018 (49.4% of males to 50.6% females). Edogawa 
has a population of 700,296 individuals (50.4% males to 49.6% 

females) 

Variable Administered 
(n=90) 

Online 
(n=54) 

Census of 
study 
area 

Gender    
Female  61%  54% 49.8% 
Male  39%  46% 50.2% 
   Unclear/No answer  0%  0%  
    
Origin    
Local  46%  65% 95.3% 
Non-local native  53%  7% 
Foreigners  1%  0% 4.7% 
Unclear/No answer 0% 28%  
    
Age    
<29  22.2%  55.6% 28.3% 
30- 39  16.7%  1.9% 14.1% 
 40-49  23.3%  0% 17.8% 
 50-59  17.8%  1.9% 12.8% 
60+ 20.0% 0% 27.0% 
Unclear/No answer 0%  40.7%  

 
Table 2 Summary of other characteristics of respondents 

Variable Administered 
(n=90) 

Online 
(n=54) 

Occupation   
Office worker  48%  24% 
Student  15%  58% 
   Housewife  28%  9% 
   Others  9%  9% 
   
Geographical classification   
Koto ward  68%  57% 
Edogawa ward  17%  41% 
No answer/Others  15%  2% 
   
Living arrangements   
   With family  88%  94% 
Alone  9%  6% 
With friends  1%  0% 
Others  2%  0% 
   
Presence of children < 18   
Yes 34% 24% 
No 65% 76% 
No answer 1% 0% 
   
Presence of elderly   
Yes 18% 7% 
No 81% 93% 
No answer 1% 0% 
   
Relationship with target area   
Living there 73% 91% 
Working & living there 10% 2% 
Working there 16% 7% 
Unclear 1% 0% 

3.2. Awareness 

Respondents who were born in the area had a higher risk 
awareness compared with non-local respondents, as they 
may have experienced past disasters or received an 
education about local disasters at school (see Figs. 3 and 4)  



 Seno, Kohei; Takabatake, Tomoyuki; Esteban, Miguel; Shibayama, Tomoyo / J-SustaiN Vol. 7 No. 2 (2020) 3-14  

 
7 

 
Figure 3 Responses regarding whether the target area was at danger 

of flooding from the sea or rivers in online survey(n=90) 
  

 
Figure 4 Responses regarding whether the place where they 

lived was at danger of flooding from the sea or rivers in online 
survey (n=54) 

 
Only a small proportion (14.4% of respondents in the 

administered survey and 3.7% of respondents in the online 
survey) had experienced some sort of flooding in the past 
(see Table 3), including some who originated from the 
Tohoku region and suffered the 2011 Tohoku Earthquake 
Tsunami. Few respondents had direct experiences with 
water hazards in this or other areas.  

Also, respondents were asked whether they knew what a 
storm surge was, with about half of them knowing about 
this phenomenon (see Table 3). Then, they were asked to 
rate the level of threat posed by it in general (on a 5-point 
Likert scale, see Figs. 5 and 6), and the level of threat in the 
target area (again, on a 5-point Likert scale, see Fig. 7 and 
8). The greatest majority of respondents in all groups, for 
both the online and administered surveys indicated that 
there was a moderate or higher risk, which is in line with 
historical evidence and current disaster management 
thinking. Given that most respondents are residents, it is 
not surprising that Figures 5-6 and 7-8 are similar. 

 
 

 

 
 

Figure 5 Assessment of the risk posed by storm surges for 
respondents of the administered survey (n=90) 

 
Table 3 Summary of answers of survey 

Variables Administered 
(n=90) 

Online (n=54) 

 Yes No Yes No 

Have you experienced some damage from previous 
flooding? 
All 14.4% 85.6% 3.7% 96.3% 
Locals 7.3% 93.7% 2.9% 97.1% 
Non-locals 20.4% 79.6% 5.3% 94.7% 
     
Do you know what as storm surge is? 
All 48.9% 51.1% 48.2% 51.9% 
Locals 41.5% 58.5% 51.4% 48.6% 
Non-locals 55.1% 44.9% 42.1% 57.9% 
     
Have you taken part in evacuation drills in the past years? 
All 42.2% 57.8% 33.3% 66.7% 
Locals 48.8% 51.2% 31.4% 68.6% 
Non-locals 36.7% 63.3% 36.8% 63.2% 
     
Would you evacuate in the event of a strong typhoon? 
All 46.7% 53.3% 40.7% 59.3% 
Locals 48.8% 51.2% 40.0% 60.0% 
Non-locals 44.9% 55.1% 42.1% 57.9% 
     
Do you know the evacuation plan for your area? 
All 31.1% 68.9% 18.5% 81.5% 
Locals 29.3% 70.7% 11.4% 88.6% 
Non-locals 32.7% 67.4% 31.6% 68.4% 
     
Do you know about the extent of the inundation map for 
your area? 
All 25.6% 74.4% 24.1% 75.9% 
Locals 29.3% 70.7% 17.1% 82.9% 

Non-locals 22.5% 77.6% 36.8% 63.2% 
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Figure 6 Assessment of the risk that a storm surge posed to 

respondents of the online survey (n=54) 

 
Figure 7 Assessment of storm surge risk that a storm surge posed 

to the target area for respondents of the administered survey 
(n=90)  

 
Figure 8 Assessment of storm surge risk a storm surge posed to the 
target area of the study for respondents of the online survey (n=54) 

3.2. Intended evacuation behaviour 

Regarding evacuation drills, 42.2% of respondents in the 
administered survey and 33.3% of respondents in online 
survey indicating that they had participated in one in the 
last five years, and little differences observed between locals 
and non-locals (see Table 3). Almost all respondents 
participated in the evacuation drill hold at school or at their 
company. Most respondents did not join in the evacuation 
drills held by the local government.  

Respondents were asked whether they would evacuate if 
a strong typhoon approached, with 46.7% and 40.7% of 
respondents in the administered and online surveys 

indicating they would, respectively (Table 3). Regarding the 
mode of transportation, Figs. 9 and 10 almost all 
respondents would evacuate on foot (this question was 
asked only to the respondents who indicated that they 
would evacuate). This result would thus appear to indicate 
that many respondents expect to evacuate to the closest 
evacuation area, rather than outside the ward.   

    

 
Figure 9 Mode of transportation used for evacuation for 

respondents of the administered survey (n=42, multiple answers 
allowed)  

 
Figure 10 Mode of transportation used for evacuation for 

respondents of the online survey (n=22, multiple answers allowed) 

 
31.1 % of respondents in the administered survey and 

18.5% of those in the online survey indicated that they knew 
the evacuation plan for the target area (with 25.6 % and 
24.1%, indicating that they knew about the expected extent 
of inundation, respectively, see Table 3). This indicates a 
rather low awareness about these evacuation plans, which is 
worrying as authorities are placing some emphasis on long-
distance evacuation (rather than evacuation inside the 
wards).  

As shown in Figs. 11 and 12, 21 % of respondents of the 
administered survey and 50% of those in the online survey 
indicated that they would start to evacuate if they received a 
voluntary evacuation order two or three days before the 
event, changing to 44% and 24 % if this was one day before, 
respectively. Regardless of whether they would evacuate 
before the arrival of the typhoon, during or after the 
typhoons, residents were asked about their intended 
evacuation direction, with the overall number of 
respondents who answered “outside of the target area” 
being similar to that in Figs. 13 and 14. When focusing on 
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the answers from those who stated that they would 
evacuate at some point before the arrival of the typhoon (n 
= 73 in the administered survey and n= 49 in the online 
survey), 15.1% in the administered survey and 24.5% in the 
online survey indicated that they would evacuate outside 
the target area, while 56.7% and 66.7% indicated that they 
would evacuate to nearby evacuation areas, respectively. 
This suggests that even people who prefer earlier evacuation 
would not perform a long-distance evacuation. 

 

 
Figure 11 Starting time for evacuation for respondents of the 

administered survey (n=90)  
 

 
Figure 12 Starting time for evacuation for respondents of the online 

survey (n=54) 
 

Figure 13 Intended evacuation location for respondents of 
administered survey (n=90)  

 

 
Figure 14 Intended evacuation location for respondents of online 

survey(n=54) 

 
Finally, respondents were asked about where they 

obtained information about storm surges and evacuation 
(see Fig. 15 and 16). Most respondents collected the 
information from TV, radio and the internet. In the online 
survey, the number of respondents who answered “internet” 
was larger than in the administered one, probably because 
of the younger demographic in this survey sample.  

 
 

Figure 15 Sources of information regarding storm surges and 
typhoons for respondents administered survey (n=90)   

   

 
Figure 16 Sources of information regarding of storm surges and 

typhoons for respondents of online survey (n=54) 
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3.3. Statistical analysis 
The authors used statistical analysis to test two main 
hypothesis, namely wherthere there is a significant 
relationship between awareness of the evacuation plan and 
behaviour (whether they have performed evacuation drills 
and whether they will evacuate outside the ward when a 
strong storm approaches), and if there is a significant 
difference in awareness and preparedness among ages. 

The most interesting relationships found by the Chi-
squared analysis are shown in Table 4. In this table χ^2 
stands for the value of chi-squared, whereas α denotes the 
level of significance. It should be noted that a chi-squared 
analysis only finds whether there is a relationship between 
two questions, and not what this relationship is. Thus, the 
authors conducted a more detailed analysis in Tables 5 and 
6, which show how respondents who know the evacuation 
plan also tend to have participated in the evacuation drill. 
In addition, the respondent who knew about the inundation 
map tend to evacuate to areas outside the study site (long-
disatance evacuation). This highlights the importance of 
disseminating information about this map in order to 
ensure that residents perform long-distance evacuation. 

 
 

Table 4 Significant results from Chi-squared analysis 

Variables 

Respondents who 
knew the 

evacuation plan 
for the target 

area  

Respondents who 
knew about the 

expected extent of 
inundation map 

… ɻ … ɻ 

Participated in an 
evacuation drill within 
last 5 years 

6.750 
0.93%*

* 
    

Will relocate to outside 
the study area if a 
strong typhoon 
threatens Tokyo 

    9.539 4.89%* 

*Significant at .05 level. **Significant at .01 level. 
 

 
 

Table 5 Cross-tabulation of Chi-squared analysis regarding 
evacuation drills 

Variables 

Whether the respondents 
participated in the evacuation drill 

within 5 years or not 

Yes No 

Respondents knew 
evacuation plan for 

the target area? 

Yes 39.3% 60.7% 

No 18.2% 81.8% 

 

 

 

 

 

 

 

 

 

 

Table 6 Cross-tabulation of Chi-squared analysis regarding 
evacuation direction intention 

Variables 

Where the respondents evacuate if strong 
typhoon will come 

Outsi
de the 
target 
area 

Closest 
evacuati
on spots 

Not 
evacua
te 

Vertical 
evacuati
on 

Not 
thinking 

Responde
nts knew 

evacuation 
plan for 

the target 
area? 

Yes 
27.8
% 

47.2% 16.7% 0.0% 8.3% 

No 13.0% 70.4% 13.9% 0.9% 1.8% 

 

In addition, the authors analysed the relationship 
between age and awareness about disasters using 
descriptive statistics, as shown in Figure 17 and Table 8. In 
Table 7, “low” means that the respondents answered “Little”, 
“not at all” or “I don’t know”, in the 5-points Likert scale. 
Respondents who are in their 30s clearly have a lower 
awareness about disasters, as explained later in the 
discussion. It was also found from Fig. 17 that the older 
respondents are, the less inclined they appear to evacuate.   

 

 

Figure 17 Relationship between awareness of flooding danger in 
the target area and age 

 

Table 7 Relationship between age and awareness 

Variables Under 
29 

30s 40s 50s 
Over 

60 
Proportion of 
respondents who had 
participated in 
evacuation drills in last 5 
years 

42% 25% 48% 59% 33% 

Proportion of 
respondents who had a 
“low awareness” of the 
risk of storm surges in 
the target area 

10% 19% 5% 6% 17% 

Proportion of 
respondents who knew 
about the storm surge 
inundation map 

16% 6% 29% 29% 56% 

Proportion of 
respondents who would 
not evacuate in the event 
of a strong typhoon  

4% 25% 14% 35% 44% 
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4. Discussion 

4.1. Survey characteristics and limitations 

The locations where the survey took place were shopping 
centres and parks, which were chosen as people in such 
areas in Japan are more likely to stop and answer a survey. 
The fact that office workers constituted most of respondents 
is not unusual in Tokyo and could also be due to the 
questionnaires being conducted during the Japanese obon 
summer break (at other times of the year it would be 
difficult to capture the thoughts of so many of them during 
working hours). Nevertheless, this could have also lead to a 
skewed sample, as people could have been away visiting 
relatives or on holidays.  

The majority of respondents of the online survey were 
“students”, as the starting point of the snowball sampling 
were acquaintances of the lead author. 

4.2. Opinions from local government 

Key informants from local government (in total four were 
contacted, two from Edogawa ward and one from Koto 
ward, plus one other residential community leader) 
explained that they publicised their evacuation plans using 
the internet, TV, and then public magazine and mailing 
system, and that hey cooperate with residential community 
associations and continue to perform evacuation and 
earthquake disaster drills. According to them, this may have 
resulted in people confusing the evacuation plan against 
earthquake with that for a storm surge.  

According to the surveys, respondents in their 30s have 
low disaster awareness, with key informan interviewees 
noting that people in their late 20s to 30s often start new 
families and have children. This results in them being very 
busy, and they find it difficult to collect information about 
evacuation plans, or take part in drills. It is also worth 
noting that the education curriculum of elementary 
students in Japan was changed in 1998 to include a new type 
of course that has contents tailored to each region, and 
which often describes past disasters and other such relevant 
information. However, only those who are under 29 would 
have had the chance to take this course while at school.  

Regarding disaster experience, people in their people 40s 
experienced small-scale floods in Koto ward during their 
childhood, raising awareness. However, this awareness has 
faded as the generations passed, as the younger members of 
the community only learnt about the disaster at school (et 
al., 2013). However, those in the 30s are in between, and 
thus have neither experienced the event or received recent 
education about potential disasters.  

The second point is that the older respondents are, the 
less inclined they appear to evacuate. The key informant 
interviewees indicated that the reason for this resides in the 
history of both Koto and Edogawa wards as residential 
quarters of Tokyo (with the exception of the south part of 
Koto ward, which is reclaimed land). Older respondents feel 

that, in Japanese culture and as heads of their family, they 
should protect their land and house, which makes it 
unlikely that they will decide to evacuate in the case of a 
storm surge (making it also unlikely that other family 
members will evacuate). Those over 40 have experienced a 
past water disaster in Koto ward, though they might 
overestimate the performance of modern infrastructure and 
that the new river dykes and other infrastructure can 
protect them. However, given the experiences of the 2011 
tsunami or typhoon Jebi in 2018, infrastructure should not 
be relied on to protect the life of people. Citizens should 
always evacuate when faced with a strong typhoon that is 
stronger than any experienced in modern times (Takabatake 
et al., 2018).   

The key informant interview highlighted how in the case  
of Edogawa ward evacuation centres will not be opened 
officially in the case of a strong typhoon. Instead, they 
expect all evacuees to head outside of the Edogawa ward. If 
evacuees choose to perform vertical evacuation, they should 
be aware that the local government will not be able to 
support them if the area is flooded, and that they might 
need to stock provisions while they are awaiting rescue. On 
the other hand, in the case of Koto ward, if a strong typhoon 
approaches they expect citizens to evacuate to the South 
part of Koto ward (which are reclaimed area that are higher 
than elsewhere in the ward) or perform long-distance 
evacuation. Where the citizens should evacuate to would 
depend on the typhoon and Koto ward’s condition. In this 
sense, their preparations are a bit vague, compared to the 
obligatory nature of the messages from Edogawa ward.  

Finally, one of the community leaders interviewed 
highlighted that his community had made suggestions to 
the local ward government about evacuation planning 
(these are suggestions, as the ward office is ultimately 
responsible for evacuation), but they indicate a high level of 
awareness and proactive planning for disaster. 

4.3. Significant of sea level rise and climate 
change 

There is a risk that a strong storm could overcome present 
day defences and flood Koto and Edogawa wards, in the 
same way that typhoon Jebi flooded some cities in Osaka 
Bay in 2018. These existing risks will be exacerbated by 
future sea level rise and climate change. Global warming 
could lead to an increase in the intensity of future typhoons, 
as highlighted by the 5th Assessment Report of the 
Intergovernmental Panel on Climate Change (IPCC AR5, 
Church et al., 2013), which could lead to higher storm surges 
than what could be expected at present (Nakamura et al., 
2016). Rising sea levels will further compound this problem, 
as satellite observations show that since 1993 sea levels have 
been rising at a rate of around 3mm per year (IPCC AR4). 
According to the IPCC AR5, sea levels are likely to rise by 
between 26 and 82 cm by 2100, though recent work on 
probabilistic process-based models that take into account 
rapid losses in the Antarctic ice sheets indicates that it 
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could be as high as 2.97-3.39m (see Kopp et al., 2017, Le Bars 
et al., 2017).  

The combination of both an increase in typhoon 
intensity and sea level risk would greatly increase the level 
of the threat posed to Tokyo Bay (Hoshino et al., 2016), 
highlighting the relevance of the present work. Essentially, 
Tokyo City will have to progressively build higher defences 
to maintain risk at the present level, though given 
uncertainties in how typhoon strengths will change in the 
future, it will also be necessary to improve evacuation 
policies in the city. 

4.4. Measures to improve resilience and 
contribute to the long-term sustainability 
and human security 

Following the results outlined above the authors have made 
a series of recommendations for the local government, 
private companies and the residential community, with the 
aim of improving long-term resilience and enhancing 
human security to natural disasters. In the field of 
sustainability, resilience has a number of definitions 
(Asokan et al., 2017), though arguably in the modern world 
one of the most important considerations is to ensure that 
there are no human casualties (i.e. to assure that all lives 
can be saved when natural hazards take place).   

Firstly, local governments should take steps to 
implement evacuation drills against storm surges. While it 
is obviously difficult, making this compulsory at least once a 
year would increase risk awareness and make residents 
aware of the long-distance evacuation plan. Secondly, local 
governments should attempt to address some of the 
confusion amongst citizens, who confuse procedures for the 
evacuation for earthquakes and storm surges.  For this, local 
governments can make attempts to publicly disseminate the 
inundation map for the storm surge. From the Chi-squared 
analysis it is clear that there is close relationship between 
knowledge about the inundation map and long-distance 
evacuation. Given that many in their 30s appear to have low 
levels of awareness, this section of the community should be 
particularly targeted. Possible ways of doing so would 
involve dissemination activities and joint evacuation 
exercises involving parents and children at day care and 
elementary schools.  

Railways companies are one of the cornerstones of long-
distance evacuation in Japan. Thus, they should carefully 
consider their plans for mass transit service suspension 
during typhoons, and attempt to liaise with local authorities 
in order to encourage early long-distance evacuation. 
Finally, the residential community should clearly attempt to 
engage with nearby communities in other wards, as strong 
bongs in the case of emergency are can help smoothen the 
evacuation process. 

 
 

5. Conclusion 
 
The high number of storm surge events reported in the 
media in recent times has raised awareness about the 
consequences of these phenomena throughout the world. 
However, typhoon 2018 typhoon Jebi showed how many 
residents of coastal areas in Japan are relatively complacent, 
trusting existing defences and failing to evacuate. While this 
can be understood given the relative strength of Japanese 
coastal defences, there is nevertheless the chance than in 
the future a powerful typhoon could hit Tokyo Bay and 
overcome coastal defences. Such a strong event would 
probably be predicted in advanced, and it would be 
necessary for coastal residents to evacuate (vertically at 
least, but preferably long-distance) to avoid a massive loss 
of life, particularly along the Koto and Edogawa wards 
(given that they are situated below water level).  

The results of the present work showed the necessity to 
overcome current Japanese evacuation mindsets in order to 
ensure the security of its population, whereas residents 
always try to evacuate to the closest designated evacuation 
area. Japan frequently experiences strong earthquakes, and 
thus many Japanese tend to equate disasters with 
earthquakes, though in the case of storm surges in low-lying 
regions in Tokyo City it is necessary to evacuate to areas 
outside the inundation zone, rather than heading to the 
closest evacuation area (in which they might need to survive 
for a certain period of time without outside help). Such 
confusion in how to evacuate when faced with a water 
hazards could increase mortality rates, and it is thus 
necessary for local governments and residential 
communities to inform citizens on how best to react. For 
understanding how best to react, it is crucial that 
evacuation drills against storm surges are regularly 
implemented.   

In addition, through this survey the authors found that 
those in their 30s appeared to have lowed disaster 
awareness, and efforts should be made to engage and raise 
awareness about this section of the community. The 
dissemination of the inundation map appears to be the best 
way to improve awareness about the need for long-distance 
evacuation. 
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