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Tsunami vertical evacuation is an important strategy
for enhancing disaster preparedness because it pro-
vides an alternative to evacuation inland or to high
ground in areas at risk of local tsunami. A large num-
ber of tsunami vertical evacuation buildings provided
safe refuge in the inundation zone during and imme-
diately after the Great East Japan tsunami on March
11th 2011. This paper discusses observations of such
buildings in connection with themes that arose dur-
ing semi-structured interviews with local disaster pre-
vention and emergency services officials in Iwate and
Miyagi Prefectures in October 2011. The implementa-
tion of key factors in the development of tsunami verti-
cal evacuation strategies are assessed with reference to
previously published guidelines, enabling lessons to be
applied in the current and future development of such
strategies internationally. The most important factors
for designating tsunami vertical evacuation buildings
are that they be reinforced concrete construction with
sufficient height in relation to inundation depth. Also
important to the success of such vertical evacuation
strategies are community engagement, building owner
agreement, consistent and clear signage, 24-hour ac-
cess and evacuee welfare.

Keywords: tsunami vertical evacuation, Great East Japan
Tsunami, preparedness, community engagement, evacuee
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1. Introduction

Tsunami vertical evacuation strategies are designed to
provide safe refuge within a tsunami-inundated area by
offering sufficient elevation above the maximum water
level. Safe elevation may be provided by artificially-
raised open ground, by towers designed specifically for
evacuation or by buildings in daily use that can be used
for evacuation when required. There is a need for such
strategies, particularly where there is a local tsunami haz-
ard, because many people may not be able to evacuate

inland or to natural high ground (the recommended best
option) due to short tsunami arrival times in the face of
long evacuation distances, road congestion or damaged
infrastructure.

Japan has led initiatives in vertical evacuation through
the establishment of government guidelines for the con-
struction and management of tsunami vertical evacuation
buildings (TVEB) [1], although it was noted during this
research that such buildings had been designated prior to
the publication of these guidelines, e.g., as early as 1982
in Kesennuma City. Similar guidelines have since been
published in the United States by FEMA [2, 3], in addition
to numerous studies on structural requirements of evacu-
ation structures with respect to tsunami forces, e.g., [4–
7]. Although extremely important, less research has been
carried out on evacuation dynamics inside TVEB [8]. In
addition to structural issues, a vertical evacuation strat-
egy requires the consideration of community engagement,
building owner agreement, consistent and clear signage,
24-hour access and evacuee welfare.

The 2011 Great East Japan tsunami provided the first
opportunity to assess a tsunami vertical evacuation strat-
egy experiencing significant inundation heights in mul-
tiple locations. The use of TVEB (in Japan, called
‘tsunami-hinan’ buildings) effectively mitigated loss of
life in the locations visited during this research. At least
5,428 people took refuge in 37 designated TVEB and in
four of the six locations the average number of people per
TVEB exceeded 150 (Table 1). This paper discusses key
factors in the success of this strategy through observations
made at TVEB and the outcomes of interviews with local
officials, to inform future development of tsunami vertical
evacuation strategies internationally.

2. Method of Investigation

A field survey was carried out during October 2011
to investigate tsunami vertical evacuation on March 11th,
2011, in six towns and cities in Iwate and Miyagi Prefec-
tures. Four locations – Kamaishi City, Ōfunato City, Ke-
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Table 1. Summary of TVEB in locations visited during this research. Field observations were not made at all buildings listed. A
full inventory of known building features is provided by Fraser et al. [10]. Not all buildings were available for observation during
field investigations, but data on those buildings has been collected through interviews.

City / Town Kamaishi City Ōfunato
City

Kesennuma City Minami-
Sanriku Town

Ishinomaki City Natori
City

Environment Ria Ria Ria Ria Plains Plains
Max. Tsunami
Height(a)

30.40 m 31.99 m 23.00 m 20.54 m 25.84 m 12.96 m

Mean Tsunami
Height(a)

14.31 m 13.13 m 10.50 m 12.63 m 6.51 m 4.36 m

First wave ar-
rival time after
EQ(a)

28 mins 25 mins n/a n/a 23 mins 63 mins

Land-use Industrial (port & steel
factory), small com-
mercial & residential
further inland

Commercial,
industrial at
port front,
residential,

Largely industrial and
commercial at port
front, residential fur-
ther inland

Residential
and commer-
cial

Extensive commer-
cial & industrial at
port front, residen-
tial further inland

Largely
residential

No. Fatalities(b) 1,047 425 1,368 875 3,739 966
Fatality rate of
area inundated

8% 2% 3% 6% 3% 8%

No. TVEB 3 7 16 4 3 4(c)

No. people
saved in TVEB

50 22(d) 2,426 694 500 1,736(e)

Average no.
people saved in
each TVEB

17 22(d) 152 174 167 579(e)

No. built with
TVEB in mind

0 0 2 1 0 0

TVEB Con-
struction

RC, Steel Frame RC, Steel
Frame

RC, Steel Frame RC RC, Steel Frame RC

Range of TVEB
storeys

2 to 3 1 to 3 1 to 4 2 to 4 1 1

No. TVEB with
external signage

2 0 2 1 0 0

Dedicated wel-
fare resources

0 0 2 0 0 2

(a)Tsunami data from field surveys [30]; (b)Casualty data at February 14th 2012 [31]; (c)Buildings designated as refuges for multiple-hazard evacuation,
not specifically as TVEB; (d)Numbers of people saved are available for only one TVEB in Ōfunato City; (e)Numbers of people saved at Sendai
International Airport are not included.

sennuma City, and Minami-Sanriku Town – are located
on a ria (“drowned river”) coastline. Two other loca-
tions – Ishinomaki and Natori Cities – are located on flat
low-lying coastal plains. All of these locations represent
densely developed coastal urban environments less than
20 m above sea level with varying degrees of mixed com-
mercial and industrial land-use around a port and dense
residential housing further inland (Table 1). The major
differentiator between locations is the physical environ-
ment and the impact of this on tsunami height: the ria
coastline suffered extreme run-up [9] due to amplifica-
tion of the tsunami in narrow bays, while lower maximum
tsunami height but greater inland extent was typical on the
plains (Table 1).

Planned interviews were carried out with officials
from municipality government civil protection, emer-
gency management, fire, and police departments. The
aim was to gain knowledge of TVEB designation, re-
quirements for effective use during evacuation, locations

of TVEB, public awareness and use of vertical evacuation
during the Great East Japan tsunami, and the nature of any
post-event strategy review. Interviews provided insightful
comparisons of the strategy in place on March 11th 2011,
regarding recommendations in government guidelines [1].
Written questions were translated into Japanese and pro-
vided to interviewees in advance of interviews, which
were carried out in Japanese using a semi-structured for-
mat [10]. Several local residents were also interviewed
during field investigations. Simultaneous spoken transla-
tion between Japanese and English was provided during
all interviews by the Japanese authors and a professional
translator.

Due to the timing of fieldwork seven months after the
tsunami, interviews drew upon information obtained by
local researchers and collated by municipal governments.
Observations made by the authors in the field contribute to
the discussion of damage sustained by TVEB and build-
ing features such as signage and access routes. These ob-
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Fig. 1. Map and images of TVEB in Minami-Sanriku Town, including numbers of people saved and tsunami inundation marked in
yellow [29]. (A) Matsubara apartment block; (B) Takano-Kaikan conference venue; (C) Shizugawa Hospital; (D) Fishing Coopera-
tive.

servations are drawn from the present field survey and a
previous investigation in June 2011 in which the authors
participated [11, 12].

3. Key Features of TVEB

3.1. Tsunami-Resistant Construction

For a building to be officially designated as a TVEB
in Japan, it must meet several construction requirements
specified in government guidelines [1]. These dictate that
a building must be of reinforced concrete (RC) or com-
posite steel-reinforced concrete construction and conform
to 1981 building code seismic standards, while also being
able to withstand tsunami loading appropriate to the ex-
pected inundation depth. The building must satisfy min-
imum height requirements according to estimated maxi-
mum inundation depth: where expected maximum inun-
dation depth is less than one metre, the building must be
two storeys or higher; three storeys or higher for less than
two metres in depth; and four storeys or higher where in-
undation depth of three metres or more is expected. Of
TVEB observed during this research, 80% were of RC
construction and 20% were steel frame, 31% were three-
storey and 34% were four-storey or greater.

Post-tsunami building damage surveys from Tōhoku
underline previous field observations (e.g., [13, 14]) that
RC is the construction type most resistant to tsunami wave
loading and debris impact. There were many cases of RC

structures failing in Tōhoku: overturning was observed in
Onagawa Town [11, 12] and Otsuchi [15] where tsunami
height exceeded 16 m. In Minami-Sanriku Town, scour
of foundations caused building collapse and debris strike
caused the collapse of upper storeys of some RC build-
ings [11]. Damage to designated TVEB, however, was
generally limited to broken glazing, damaged fixtures and
fittings, and debris impact to external cladding, stairwells,
railings or balconies, even at flow depths of up to 20 m,
as in Minami-Sanriku. No observed TVEB sustained suf-
ficient earthquake damage to prevent its use during the
subsequent tsunami evacuation.

The extent of foundation scour sustained during the
tsunami reportedly resulted in some TVEB requiring de-
molition, but these buildings fulfilled their immediate ver-
tical evacuation function. The Matsubara apartments at
the harbour front in Minami-Sanriku (A in Fig. 1) were
scoured at all corners of the building to at least two metres
below previous ground level, exposing numerous piles
that then were submerged by encroaching sea water. The
welfare centre and prefectural government offices in Ke-
sennuma (F and H, Fig. 2) suffered less extensive scour,
but exhibited scour holes of significant depth at one or two
locations at each building [11]. The occurrence of signif-
icant foundation scour highlights the continuing need for
resistance against foundation scour of TVEB, although
the buildings in question maintained life-safety in this
event and could, with further detailed investigation, pro-
vide good models for future TVEB.

Significant debris strike occurred at Shizugawa Hos-
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Fig. 2. Map and images of nine vertical evacuation buildings in Kesennuma City, including numbers of people saved and tsunami
inundation marked in yellow [29]. These comprise office buildings (A, F, G, I); a cannery (B), a retail building (C), welfare centre
(D), a car parking deck (E) and a community centre (H).

pital in Minami-Sanriku (C in Fig. 1), where the shore-
facing side of the buildings exhibited many broken RC
columns at third storey balconies [11]. An office building
at the inner harbour in Kesennuma (A in Fig. 2) sustained
debris damage to external stairwells, but the stairwells ap-
peared functional. Although TVEB generally sustained
minor damage due to debris strike, it was not possible to
confirm the type of debris that caused the observed dam-
age. It is therefore not possible in this paper to explicitly
evaluate the resistance of the observed TVEB to debris
impact, for example to ascertain the level of damage in
the case of a large ship striking the TVEB.

The performance of steel-frame buildings warrants a
brief discussion here to clarify the suitability of steel-
frame construction for TVEB. Numerous steel-frame
structures remained standing with extensive removal of
external cladding up to the level of inundation [11], sug-
gesting that the tsunami flowed ‘through’ the structure
once cladding and external walls were washed away. De-
spite this, many other steel buildings exhibited bending,
buckling, twisting and fracture of structural columns or
joints [16]. It is therefore possible that steel-frame build-
ings can provide life safety during tsunami, provided that
they are of sufficient height. However, the substantial
damage to cladding and high potential for failure of struc-
tural members from wave loading or debris strike makes

them unsuitable for official designation as TVEB.
Observations from this event suggest that construction

requirements for designating TVEB in Japan were suf-
ficient with respect to extreme tsunami wave heights up
to 20 m. Government guidelines [1] therefore provide
suitable guidance for appropriate construction of TVEB
internationally. Of course, Japan benefits from well-
developed seismic codes and this provides a suitable ba-
sis for tsunami-resistant construction, which may not be
available in all countries. Detailed structural evaluations
will provide more robust analysis of the tsunami impact
than the external investigations possible during this re-
search, and are vital to inform construction requirements
in the future.

3.2. Sufficient Height of Safe Storeys
The provision of safe storeys in TVEB – storeys provid-

ing refuge above the maximum tsunami height – is a vi-
tal component of a vertical evacuation strategy. Japanese
government guidelines provide graded requirements for
TVEB safe storeys (see 3.1), but on March 11th there was
inundation of storeys considered safe in previous hazard
assessments. During interviews, local officials expressed
concern about the current recommended height of TVEB.

In Kesennuma, several TVEB were within one metre
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of being overtopped when the tsunami arrived at low tide.
The four-storey Wedding Plaza in Ōfunato, Shizugawa
Hospital (four- and five-storey buildings) and Matsubara
apartments (four storeys) in Minami-Sanriku were all in-
undated to the fourth storey, leaving only the roof as a
safe refuge. At Shizugawa Hospital, 320 people survived
on the roof and fifth storey of the west building, but it
was not possible to move many immobile patients to a
safe storey [17]. Despite being only two storeys in height,
the fishing co-operative building in Minami-Sanriku (D,
Fig. 1) was designated as a TVEB through its owner-
ship by a public organisation looking to protect its work-
ers. Fortunately the building was unused on March 11th

as people travelled to nearby high ground; flow depth of
around 12 m (twice the building height) occurred at this
building.

In light of the examples above, interviewed officials in
Kesennuma and Minami-Sanriku suggested that a mini-
mum height of five storeys should be set for future desig-
nation of TVEB. Although increasing the height threshold
for safe storeys appears an obvious solution, the use of a
single minimum height on a national scale may rule out
using suitable buildings of lesser height in areas where
the maximum potential tsunami height has been robustly
assessed to be lower. For example, on the coastal plains
where maximum tsunami heights were lower than on the
ria coastline, many single-storey and two-storey buildings
in Natori and Ishinomaki provided safe refuge on March
11th, indicating the value of low-rise buildings where it
is appropriate to the inundation height. Rather than con-
struct all TVEB to achieve a single ‘safe-storey threshold’
at five storeys, robust probabilistic hazard assessment and
site-specific analyses using maximum credible tsunami-
generating earthquakes (especially local-source subduc-
tion events) could provide suitable local thresholds. This
approach would allow continued use of current Japanese
government guidelines in areas of lower maximum inun-
dation height and provide greater flexibility in designating
TVEB of fewer storeys.

3.3. Building Location Planning
Government guidelines [1] encourage planning of

TVEB locations to provide adequate refuge capacity and
distribution in areas where it is not possible to evacuate
to high ground. Optimum distribution of buildings can
be derived from local population estimates, evacuation
routes and walking speeds, e.g., [18, 19] and [20]. Where
there is reliance on existing buildings in a developed ur-
ban area, the number and distribution of TVEB may be
constrained by the availability of suitable buildings or
land on which to build. As a result of this and variable
estimated tsunami hazard, TVEB were distributed very
differently in the six locations investigated.

Kesennuma City had 16 officially designated TVEB
relatively well distributed across the coastal areas of the
city; nine are in the area shown in Fig. 2. With the excep-
tion of the car park deck over the fish market (E, Fig. 2)
and the prefectural government office (F, Fig. 2), which

were constructed with tsunami vertical evacuation as a
planned function, these buildings were all existing struc-
tures that were identified as suitable TVEB because they
conformed to government guidelines. These provided
refuge to 2,326 people, although the number of people
sheltering in each building was highly variable. For exam-
ple, the car park deck in the busy dock area and fish mar-
ket received 1,000 people and substantial numbers went to
other TVEB in areas far from high ground (B, F, G, and H
in Fig. 2). Buildings closer to high ground received very
few people (buildings A and C in Fig. 2 received zero and
five people respectively). It is expected that the variability
in number of people at each TVEB is due to the concentra-
tion of population at the time of evacuation, proximity of
the TVEB to high ground, awareness of the TVEB func-
tion and variable evacuation response to natural or official
tsunami warnings [10]. However, data on evacuee travel
routes and TVEB choice was not available at the time of
this study, so it is not possible here to robustly determine
reasons for the variability.

Minami-Sanriku Town had four official TVEB (Fig. 1),
of which only the Matsubara apartment building was con-
structed with prior consideration of vertical evacuation
functionality. Constructed in 2007, this TVEB was in-
tended to provide refuge to large crowds at the adjacent
sports ground. There were initial public concerns about
the building being used for tsunami evacuation due to its
port-front location, but the local community was informed
that the roof level would constitute a safe elevation. It
was reported during interviews that large numbers of peo-
ple taking refuge in TVEB primarily comprised people
who were in the building or in the immediate vicinity at
the time of the evacuation warning, suggesting that peo-
ple did not travel far to TVEB. At Shizugawa Hospital,
69% of the 320 evacuees were hospital staff or patients
and at the Takano Kaikan building, the majority of the
330 people saved were attending a community meeting at
the building.

There were only two TVEB in Kamaishi City (Ka-
maishihamachō Post Office and a government office,
Fig. 3). Relatively few people (50) took refuge in these
buildings during the tsunami, perhaps owing to the 66.4%
rate of immediate evacuation [21] and access to high
ground within one kilometre of the port and industrial
areas. The government office provided refuge to people
who became stuck in vehicles due to traffic congestion.
An additional building, the Hotel Horaikan at nearby Un-
osumai, was constructed with vertical evacuation in mind
(see 3.8). Additional TVEB had been planned in the port
area of Kamaishi, but they had yet to be constructed by
March 11th.

In locations where minimal tsunami inundation was ex-
pected based on previous events and numerical modelling,
there was little planning for vertical evacuation and there-
fore few designated TVEB, however, informal vertical
evacuation to non-designated buildings was significant in
mitigating loss of life. Around 500 people sought refuge
at three designated buildings in Ishinomaki City: York
Benimaru shopping centre, the Homac hardware centre,
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Fig. 3. Map and images of vertical evacuation buildings in Kamaishi City and tsunami inundation marked in yellow [29]. These
are the Kamaishihamachō Post Office and apartment building (A) and government offices (B).

and the Hotaru funeral facility. The local interviewee re-
ported that an additional 50,000 people took refuge in ap-
proximately 260 official earthquake and landslide evacu-
ation buildings and other schools, temples, shopping cen-
tres and housing. Informal vertical evacuation also oc-
curred in Kamaishi City and Ōfunato City in cases where
buildings suggested by the community did not met offi-
cial designation criteria (see 3.9), but the number of non-
designated buildings was not available to quantify this fur-
ther.

Four public buildings in Natori City had been specified
by the municipality government as general hazard evacu-
ation centres (but not specifically TVEB): Yuriage Com-
munity Centre, Yuriage Junior High School, and Yuriage
Elementary School. Sendai International Airport at Ki-
takama was also an evacuation location. These buildings
were not designated as TVEB because they were located
outside of the estimated tsunami hazard zone, but proved
effective for vertical evacuation in this event in further ex-
amples of informal vertical evacuation.

These observations show that vertical evacuation can be
successful where the best possible distribution of TVEB
cannot be achieved, and that informal vertical evacuation
saved many additional lives in areas of low to moderate
tsunami height. Planning TVEB in the redevelopment
of tsunami-affected areas in Tōhoku is encouraged, but
where there are suitable existing buildings, those build-
ings should also be used as effectively as possible.

3.4. Building Capacity
Any building designed as an evacuation refuge must

have sufficient capacity for the estimated number of evac-
uees. Analysis of potential demand can be carried out
using estimates of local population, evacuation routing,
travel speed and distribution of safe refuges, including
safe areas outside of the inundation zone and vertical
evacuation structures [18–20]. Facility capacity also re-
lies on estimates of in-refuge space required by each evac-
uee [1, 2].

Detailed study of building capacity or evacuees’ ex-
perience while in the buildings was not carried out as
part of this research. During interviews, however, there
were no reported cases of buildings exceeding capacity
on March 11th. The majority of designated buildings were
substantial structures with a requirement for large capac-
ity in their regular function (e.g., schools, apartments),
therefore are more likely to satisfy government guideline
capacity requirements [1]. It was noted in several inter-
views that even where TVEB existed, the recommended
primary evacuation action was to go to high ground (to
exit the tsunami hazard zone, rather than remain in it).
This guidance may also have acted to reduce evacuee de-
mand on TVEB where they were close to high ground (see
3.3).
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Table 2. TVEB 24-hour access methods, showing numbers of buildings for each method in the locations surveyed. Data on external
stairs is from field observations. Data on alternative access methods is from local interviews. Not all TVEB were accessible for
observation during field investigations.

City / Town Kamaishi
City

Ōfunato
City

Kesennuma
City

Minami-
Sanriku
Town

Ishinomaki
City

Natori
City

All loca-
tions

Total no. of TVEB 3 7 16 4 3 4 37
Building open 24-hrs 0 1 2 1 0 0 4
Night-time residents 0 0 0 1 0 0 1
External stairs 1 1 2 1 2 2(a) 9
Local key-holders 1 0 0 0 0 3 4
Forced entry allowed 0 0 2 0 0 0 2
Night-time security staff 0 0 1 0 0 0 1
No external stairs, alterna-
tive access unknown

1 1 3 1 1 1 8

Access method unknown
(building not observed)

0 4 6 0 0 0 10

(a)Schools in Natori have external stairs but staff members are also organised to open the building.

3.5. Building Access
TVEB must provide access to safe storeys at all times.

The type of access (internal or external stairs, width of
entrances) is a key factor in the time required to access
the building and move to safe storeys [8]. External stairs
are commonly installed for emergency exit from buildings
in Japan, e.g., in fires or earthquakes, and offer the most
efficient way to access safe storeys of an evacuation build-
ing [8]. These stairs may not always lead directly to the
roof, but should enable direct access to safe storeys.

External stair or vehicle ramp access was the most
commonly recorded access method at TVEB investigated,
available at nine (33%) of observed TVEB (Table 2).
Where direct external access from the ground floor to safe
storeys is not available, people may need to gain access
by alternative methods, which are included in government
guidelines [1] and were cited in our interviews (Table 2):

• Some private buildings have security personnel
present overnight who will open doors for emer-
gency access, e.g., the Prefectural Office in Kesen-
numa.

• Due to regular building function it is staffed or has
residents present 24 hours a day, e.g., Shizugawa
Hospital, Hotel Horaikan, the Matsubara apartments,
and two other TVEB.

• Representatives of local residents act as key hold-
ers to enable access outside of office hours, e.g., two
community representatives living near the govern-
ment building, Kamaishi; two Yuriage schools and
a community centre, where key holders are informed
by telephone that they need to open the building.

• Building owners agree to the forcible breaking of
doors and windows to enable emergency access, e.g.,
Kesennuma Junior High School and the National Of-
fice in Kesennuma.

The provision of 24-hour access may require installa-
tion or retrofitting of adequate stairs and entrances, or ad-
ditional investment in structural renovation and staffing
requirements. It can also affect building security and lead
to concerns about crime [8]. During our interviews there
were no reports of restricted building access on March
11th, because the tsunami occurred during at 14:46 (lo-
cal time) when TVEB were unlocked and occupied. It
was acknowledged by several interviewees that access is-
sues may have hindered evacuation if the tsunami had oc-
curred at night. In Natori City, interviewees noted that
although two key holders were trained to go to each evac-
uation building in case of night-time evacuation, they had
not been trained for this scale or type of evacuation. This
highlights the importance of appropriate training and re-
sponsibility on the part of key holders to immediately
open TVEB in the event of tsunami.

Allowing evacuees to enter TVEB by force is unlikely
to be a suitable solution for buildings containing sensitive
data, such as public offices or commercial premises. Sat-
isfying access requirements of TVEB in different com-
munities and with varying regular functions requires di-
alogue among evacuation planners, building owners and
the community (see 3.9) on a case-by-case basis to define
the most appropriate solution for each building and to en-
sure that the local community is aware of and trained in
the correct access method.

3.6. Fire Resistance
One reason for promoting evacuation to high ground

rather than into TVEB is that safety cannot be guaranteed
in the event of large debris strike or fire at such buildings.
Fire was a significant issue during and immediately after
this tsunami; many buildings burned and some evacuation
centres narrowly avoided catching fire while occupied by
evacuees. In Kesennuma, over 50,000 litres of oil spilled
from ruptured oil tanks and engulfed several areas around
TVEB. It was reported that a government committee had
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Fig. 4. Vertical evacuation signage used in Japan. (A) Sign
displayed prominently on the Kamaishihamachō Post Office,
(B) signage on the Matsubara apartment block in Minami-
Sanriku, (C) a sign displayed above an entrance to the Ka-
maishihamachō Post Office (Translation: ‘Evacuation build-
ing entrance (stairways)’).

been set up to prevent such spillage from occurring again,
and the fire-proofing of evacuation structures was raised
as a consideration for the future design of such buildings.
In Ishinomaki, fire spread within one hour of the earth-
quake to the Kadonowaki school building where people
had taken refuge, but evacuees were fortunately able to
relocate to high ground nearby before fire spread to the
school.

Observations from Tōhoku support the need for solu-
tions to minimise the spread of fire and to prevent fire
damage to TVEB, such as fire-retardant cladding and
shutters. The potential for fire damage also led to one in-
terviewee citing the need for emergency communication
links in TVEB in case of urgent need of rescue (see 3.10).

3.7. Evacuation Signage
Effective route signage is a key component of tsunami

evacuation strategies, for on-going education and aware-
ness training as well as for direction in an evacuation [22].
Signage is required inside a building to show exits and
safe routes and to speed up the movement of evacuees [8].
Signage is also necessary outside a TVEB to highlight the
building function and to show the most appropriate access
route to safe floors, particularly for those who may be un-
familiar with a building and its vicinity, e.g., tourists and
emergency responders. There has been previous recogni-
tion of the disparity in tsunami hazard awareness between
resident and non-resident populations [23]; it is vital that
a vertical evacuation strategy accounts for both groups,
and displaying effective consistent signage is one method
of achieving this. This study did not investigate the use
of TVEB specifically by non-resident (transient) popula-
tions in Tōhoku because this level of data was not avail-
able. Consistent vertical evacuation signage (Fig. 4) for
buildings is recommended in government guidelines [1]
but unfortunately, prior to March 2011, the application of
such signage was limited and the retrofitting of signage
for existing buildings was uncommon. Only five build-

ings were observed during our field survey to have offi-
cial signage: the Kamaishihamachō Post Office and Hotel
Horaikan in Kamaishi, Matsubara apartments in Minami-
Sanriku, the prefectural government office and the Yoyoi
cannery, both in Kesennuma. The high numbers of evac-
uees taking refuge in designated buildings despite the ab-
sence of signage suggests that awareness of TVEB was
high among people in the area at the time of the tsunami,
although further research into evacuee behaviour should
aim to identify any impact that signage may have had on
destination of evacuees. In the meantime, consistent sig-
nage should be adopted and applied to all TVEB, includ-
ing retrofitting of existing buildings that become desig-
nated. Signs should be clearly displayed at the top of each
building and above entrances to clearly indicate the most
appropriate access route to upper storeys. Signage should
be nationally consistent with approved standards for style
and messaging.

3.8. Building Owner Agreement
The need to gain agreement of building owners to

designate their buildings as TVEB is an issue that has
been raised in projects in the United States [24, 25], New
Zealand [26] and Japan [1]. During our interviews, lo-
cal officials indicated that owners were generally recep-
tive to the requirement for TVEB when approached about
using their building for vertical evacuation, although some
owners had concerns over the access and responsibility of
evacuees.

Disaster prevention officials in Kesennuma found
building owners to be extremely cooperative in the des-
ignation of buildings. The owner of the Hotel Horaikan
in Kamaishi had proposed that her building be designated
as an alternative to construction of defences that would
block beach access. She had previously seen evacuation
to buildings in the 2004 Indian Ocean tsunami and had
built her hotel as a three-storey building so it could be
used in tsunami evacuation. The owners of the Takano
Kaikan in Minami-Sanriku (B, Fig. 1) were described as
recognising the corporate social responsibility of agree-
ing to use their building for evacuation, and the Minami-
Sanriku fishing cooperative encouraged the designation
of its building (D, Fig. 1) to protect its workers. There
was no disagreement from building owners in Ishinomaki
when they were approached by the city; in this case, it was
agreed that the city would pay compensation to building
owners in the event of damage or costs incurred when peo-
ple evacuate to the property, which follows government
guidelines [1].

One interviewee reported initial resistance in Ōfunato
City from building owners approached about the potential
use of their buildings as TVEB. The owners’ concerns fo-
cussed on night-time access and on who would be respon-
sible for evacuees while in the building, but following dis-
cussions with the community the owners agreed to their
buildings being used. This suggests that leveraging com-
munity interest and encouraging owners to see the provi-
sion of the building as a benefit to the community was an
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effective way to gain support of building owners in Japan,
and that a similar approach should be taken in implement-
ing vertical evacuation strategies elsewhere.

3.9. Community Engagement
The use of workshops in consultation and negotiation

for tsunami vertical evacuation strategies is a key compo-
nent of Japanese guidelines [1], and participation of local
community volunteer disaster prevention groups in build-
ing identification and evacuation mapping were common
themes in our interviews. Community engagement to en-
courage ownership and awareness are also important com-
ponents of tsunami preparedness initiatives in the United
States [22, 24, 25] and New Zealand [27].

In Ōfunato City, the identification of buildings suit-
able for vertical evacuation was led by community groups
that approached the municipal government with poten-
tial structures for designation. Some of those struc-
tures did not meet official structural requirements, so they
did not become officially designated, yet these buildings
were used successfully on March 11th in informal vertical
evacuation (see 3.3). In Kamaishi, several community-
identified structures did not meet government require-
ments therefore local authorities did not advise their use
during tsunami evacuation. Only the building owners
used these buildings on March 11th 2011 and although
the lowest three storeys were damaged, the occupants sur-
vived. Community disaster prevention groups in Kesen-
numa reportedly approached the owners of the Yoyoi can-
nery in the Hamacho neighbourhood (B, Fig. 2) about us-
ing it for vertical evacuation, after which it became offi-
cially designated.

Engagement with the community after building desig-
nation is important for developing and maintaining aware-
ness of the vertical evacuation strategy, and is a key com-
ponent of government guidelines. The Yoyoi cannery had
signage at entrances and was used in ongoing training as
part of local biannual evacuation exercises. In contrast,
once the use of official buildings in Ishinomaki had been
agreed, the arrangement was broadcast on local news, but
their function was not publicised widely and no signage
was applied. In Minami-Sanriku, exercises reportedly in-
volved evacuation to high ground only, but signs depict-
ing past tsunami heights include directions to TVEB. It is
unclear from the interviews how widespread the incorpo-
ration of TVEB into annual evacuation exercises is else-
where in Iwate and Miyagi Prefectures, but these observa-
tions suggest a high degree of variability among munici-
palities.

Community engagement in the development of verti-
cal evacuation strategies should be encouraged to fos-
ter familiarity with TVEB as part of wider preparedness
and evacuation plans. TVEB should be incorporated into
tsunami evacuation drills to enhance the awareness of
their availability and use. Evacuation to high ground
should remain the training priority and preferred option,
but the use of TVEB should be practised where conditions
are likely to prevent people reaching high ground during
a local tsunami.

3.10. Evacuee Welfare in TVEB
Evacuees were stranded in some TVEB for up to two

days during and following the Great East Japan tsunami
due to standing water and debris blocking building ex-
its. Our interviews examined the availability of welfare
in TVEB, such as the provision of food and water, shel-
ter, warm blankets and clothing, sanitation, and emer-
gency communication links to disaster prevention officials
or emergency services. It is noted that in Japan, TVEB
are considered primary refuges for short-term use and that
welfare provisions for medium- to long-term care are usu-
ally provided at secondary evacuation or welfare centres.

It was reported during interviews that provisions were
available at the Prefectural Office in Kesennuma and at
South Kesennuma Elementary School, but these were ap-
propriate for a six-hour occupancy period only. It had
been assumed that after six hours residents would be able
to get to welfare centres. However, evacuees had to re-
main in these building until March 13th, when they were
rescued after debris had been cleared. Similarly, evacuees
at Yuriage Elementary and Yuriage Junior High schools
were required to remain until March 12th, when they had
to exit by walking through standing water. The Junior
High School had very limited provisions for evacuees, and
those at the community centre were on the ground level,
which became inundated. There was no emergency com-
munication equipment at either location, although this is
recommended in government guidelines [1].

In Ōfunato, provisions were said to be available at the
shopping centre due to the regular function of the build-
ing, but no specific arrangements had been made to pro-
vide short-term support for occupants in the event of a
tsunami. As with retail units, apartment buildings are
likely to have some provisions and shelter due to their reg-
ular residential use. The official interviewed in Ōfunato
highlighted the importance of providing communications
links in all refuges to facilitate contact with emergency
services, especially in cases requiring urgent rescue when
cell phones or other radio systems are not functioning,
e.g., if threatened by fire or serious illness.

Several interviewees cited cases of people leaving
TVEB prematurely and being killed by subsequent
tsunami arriving. Although adequate provisions may help
reduce the need or urge for evacuees to leave a refuge ear-
lier than necessary, further work is recommended to as-
sess evacuee decision-making in this regard. With long-
term tsunami preparedness in mind, Sharma and Patt [28]
show that evacuees’ previous experience in the quality of
their stay in an evacuation shelter positively influenced
their response to warnings in future. Therefore, the pro-
vision of amenities for evacuations in the short-term may
yield benefits for long-term mitigation.

An important challenge recognised by the official inter-
viewed in Minami-Sanriku and an area requiring further
work is the assessment of adequate resources for a TVEB.
It is difficult to say how many people will use any given
building and therefore ensure adequate welfare resources,
although evacuation modelling can help to estimate likely
evacuee numbers once the coverage area of a TVEB is
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established [1].
The upper storeys of TVEB should ideally have emer-

gency shelter, food and water sufficient for several days’
occupancy, given the potential for extended periods of iso-
lation. Communication links to civil defence or emer-
gency services should also be provided. Such provi-
sions were lacking in TVEB at the locations investi-
gated, but there were no reports of this resulting in deaths
at TVEB. Therefore, availability of short-term welfare
should be considered secondary to the structural require-
ments for providing life-safety, and the designation of
suitable buildings should not be delayed or prevented be-
cause of inadequate welfare provisions.

4. Conclusions

Safe refuge was provided by many TVEB during the
2011 Great East Japan tsunami, highlighting the value of
a vertical evacuation strategy in areas at risk of tsunami.
These buildings are not a replacement for evacuation to
high ground, but provide effective alternative options for
those unable to evacuate the inundation zone prior to
tsunami arrival. This research presents a reconnaissance-
level view of the implementation of tsunami vertical evac-
uation guidelines in Japan and the performance of TVEB
in an extreme event. Observations and interviews have
shown that in the locations visited, there was variable ad-
herence to published tsunami vertical evacuation guide-
lines and that there are some aspects in which implemen-
tation of the strategy could be improved.

The positive structural performance of TVEB with re-
spect to wave impact, foundation scour and debris strike
in extreme tsunami indicates that construction require-
ments for designating TVEB in Japan provide a sound
basis for the future development of TVEB in Japan and in-
ternationally. Due to previous underestimation of tsunami
hazard in Tōhoku, some TVEB were (or were close to be-
ing) overtopped and safe storeys inundated. Future desig-
nation of suitable TVEB height for safe storeys must be
based on robust hazard assessment to ensure the height
is appropriate to the estimated local maximum tsunami
height. Although TVEB escaped fire damage in this
event, the widespread occurrence of fire and damage, e.g.,
to a school that had been occupied by evacuees shows the
continuing importance of minimising the spread of fire
and preventing fire damage to TVEB.

All of the locations investigated in this work were de-
veloped urban areas and the vertical evacuation strategy
relied largely on using existing buildings, thereby limiting
planners’ ability to achieve an ideal distribution of TVEB
– an issue likely to occur internationally. Experience in
this event shows that this is not, however, a barrier to ef-
fective vertical evacuation because loss of life was miti-
gated even where the best possible distribution of build-
ings could not be achieved.

Observations from this work provide several examples
of building access methods that should be considered in
the development of TVEB internationally. Although spe-

cial access plans were not enacted in this event due to
its day-time occurrence, concern was expressed in some
interviews over the efficacy of night-time access prepa-
rations. It is therefore important that 24-hour building-
appropriate access and subsequent community evacuation
training are given high priority in future strategy develop-
ment. The provision of access and responsibility for evac-
uees represent concerns for building owners when the use
of their buildings as TVEB is considered. In the develop-
ment of strategies internationally, this important issue will
require engagement between the community and build-
ing owners, which helped to gain agreement of owners in
Japan.

Two significant aspects of Japanese government guide-
lines that were largely absent from observed TVEB were
signage and welfare provisions. More effective imple-
mentation of external signage might have helped to min-
imise loss of life through greater use of TVEB, partic-
ularly among transient populations unfamiliar with local
evacuation planning, although further research is required
to confirm this. The majority of TVEB had no dedicated
welfare provisions or had provisions suitable only for sev-
eral hours of building occupancy. Observations from this
event show that potential occupancy period should be con-
sidered in terms of days rather than hours, and indicates
a particular need for emergency communications equip-
ment in TVEB.

In Tōhoku, the planning of optimal TVEB locations
may now be possible during extensive redevelopment,
and greater adherence to existing government guidelines
is encouraged. Internationally, the development of ver-
tical evacuation strategies can benefit by recognising the
Japanese government guidelines and by learning from ex-
periences in the Great East Japan tsunami.

Further study of evacuees’ experiences in identifying,
accessing and taking refuge in TVEB would enhance the
understanding and use of TVEB. Approaches to improv-
ing the integration of TVEB in evacuation exercises and
more clearly identifying welfare requirements should be
explored. In addition, detailed structural analyses of spe-
cific TVEB and their performance with respect to tsunami
loading, debris strike and foundation scour are expected to
enhance structural resistance against tsunami.
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14 2012,” 2012.

Name:
Stuart Fraser

Affiliation:
Ph.D. Candidate, Joint Centre for Disaster Re-
search, GNS Science / Massey University

Address:
P.O. Box 756, Wellington 6140, New Zealand
Brief Career:
2003 Graduated from University of Leeds, UK (BSc)
2005 Graduated from University College London, UK (MSc)
2005-2011 Catastrophe Analyst, Aon Benfield
2011- PhD Candidate, Massey University, New Zealand
Selected Publications:
• S. A. Fraser, A. Raby, A. Pomonis, K. Goda, S. C. Chian, J. Macabuag,
M. Offord, K. Saito, and P. Sammonds, “Tsunami damage to coastal
defences and buildings in the March 11th 2011 Mw9.0 Great East Japan
earthquake and tsunami,” Bulletin of Earthquake Engineering, Published
Online 27 March 2012.
Academic Societies & Scientific Organizations:
• American Geophysical Union (student member)
• NZ Coastal Society (student member)
• IStructE Earthquake Engineering Field Investigation Team (member)

456 Journal of Disaster Research Vol.7 No.sp, 2012



Tsunami Vertical Evacuation Buildings – Lessons for International
Preparedness Following the 2011 Great East Japan Tsunami

Name:
Graham S. Leonard

Affiliation:
Natural Hazards Scientist, GNS Science

Address:
1 Fairway Drive Avalon, Lower Hutt 5011, New Zealand
Brief Career:
2004 Graduated from The University of Canterbury (PhD)
2004- Senior Scientist as GNS Science covering volcano and tsunami
hazard and evacuation mapping in New Zealand, warning and emergency
management research in New Zealand, USA and other countries
Selected Publications:
• G. S. Leonard, J. G. Begg, and C. J. N. Wilson, “Geology of the Rotorua
area : scale 1:250,000, Lower Hutt: GNS Science,” Institute of Geological
& Nuclear Sciences 1:250,000 geological map 5, 102p., +1 folded map,
2010.
• G. S. Leonard, D. M. Johnston, D. Paton, A. Christianson, J. S. Becker,
and H. Keys, “Ministry of Civil Defence and Emergency Management
(MCDEM), 2008: Tsunami Evacuation Zones, Director’s Guideline for
Civil Defence Emergency Management Groups: DGL08/08,” Ministry of
Civil Defence and Emergency Management (MCDEM), Wellington, p. 19,
2008.
• “Developing effective warning systems: ongoing research at Ruapehu
volcano, New Zealand,” Journal of volcanology and geothermal research,
Vol.172(3/4), pp. 199-215, doi:10.1016/j.jvolgeores.2007.12.008.
Academic Societies & Scientific Organizations:
• Editorial board of the Springer Journal of Applied Volcanology
• Leader of the Cities and Volcanoes Commission of IAVCEI

Name:
Hitomi Murakami

Affiliation:
Associate Professor, Division of Environmental
Science and Engineering, Graduate School of
Science and Engineering, Yamaguchi University

Address:
2-16-1 Tokiwadai, Ube 755-8611, Japan
Brief Career:
1978 Graduated from Hokkaido University (B.Eng.)
1983 Dr. degree of Engineering (Hokkaido Univ.)
1985-1987 Post-Graduate Research Fellow, Univ. of Southern California
1987-1996 Research Associate, Hokkaido Univ.
1998- Associate Professor, Yamaguchi University, Japan
Selected Publications:
• H. Murakami, S. Fraser, G. Leonard, and I. Matsuo, “A field study on
conditions and roles of tsunami evacuation buildings in the 2011 Tohoku
Pacific Earthquake and Tsunami,” Proc. 9th Intern. Conf. Urban Earthq.
Engr., Tokyo Inst. Technology, 2012.
Academic Societies & Scientific Organizations:
• Architectural Institute of Japan (member)
• Institute of Social Safety Science (member)
• EERI (member)

Name:
Ichiro Matsuo

Affiliation:
Senior Researcher, Crisis & Environment Man-
agement Policy Institute (CeMI)

Address:
1-22-505 Wakaba, Shinjyuku-ku, Tokyo 160-0011, Japan
Brief Career:
1978-2005 Construction Technology of Institute Engineering Co. Ltd.
2006 CeMI
2008-2010 Visiting Researcher Tokyo University
Selected Publications:
• O. Hiroi, I. Nakamaura, I. Matsuo, and H. Komuro, “Inhabitant’s
Behavior and Disaster Information Dissemination in an Urban Flood,”
Review of Media, Information, and Society, Vol.8, Tokyo University
Information and Society Research, pp. 87-177, 2003.
Academic Societies & Scientific Organizations:
• Japan Society for Disaster Information Studies (JASDIS) Deputy
Secretary-General

Journal of Disaster Research Vol.7 No.sp, 2012 457

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

