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A case report of Sato’
s Hill, a tsunami evacuation site utilized in the 2011 Great
East Japan Earthquake, and a literature review on its effectiveness
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Abstract

1. Introduction

In Great East Japan Earthquake, the damage

On March 11, 2011, a magnitude 9.0 earth-

caused by the tsunami was extensive, especially

quake struck oﬀ the coast of eastern Japan. Ap-

in the coastal lowlands. We report a case of Sato’
s

proximately 20,000 lives were lost, mostly due to

Hill, a private tsunami shelter that saved resi-

the tsunami(1,2), and the casualties were particu-

dents of Higashi-Matsushima. According to an

lar heavy in the coastal lowlands. In addition to

internet archive search and Mr. Yoshifumi Sato,

the human cost, the damage from the earthquake

the hill provided shelter to 70 people. A literature

is estimated to be about 16 – 25 trillion JPY.

search reveals that the tsunami height reached up

Given the distribution of causalities, evacu-

to about 17 m in coastal areas and 40 m inland.

ation plans for low coastal areas are considered

Google Maps and inundation record data veriﬁed

particularly important now and in the future.

the safety of Sato’
s Hill at that time. This report

Before 2011, some local governments in coastal

is useful in the development of future tsunami

areas constructed high-rise buildings as a coun-

countermeasures.

termeasure against tsunamis(3,4). However, these
buildings were insufficient to provide shelter
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to all evacuees during the tsunami disaster following the Great East Japan Earthquake. Even
worse, the leadership of the town of Otsuchi in
Iwate Prefecture was lost in the aftermath of the
tsunami(5,6). Despite this, there were some successful cases of evacuation, such as the Kamaishi
case(3), in which an eight-ﬂoor tsunami evacuation facility provided shelter to residents. Here,
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we report another successful case: Sato’
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private evacuation site near the coast of Higashi-

Japan

Matsushima in Miyagi Prefecture, where many

b

Tohoku University, International Research In-

lives were lost in the tsunami(7)(Figs. 1 and 2).

stitute of Disaster Science, 468-1 Aoba-ku, Sen-

Sato’
s Hill provided shelter to 70 tsunami evacu-

dai, Miyagi 980-0845, Japan

ees after the Great East Japan Earthquake(8). In
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Fig 1: Map of Japan. The blue arrowhead shows the location of
Higashi-Matsushima(Fig 2).Source: Google Maps

Fig 2: Map of Higashi-Matsushima and the surrounding area. The blue arrowhead
shows the location of Sato’
s Hill(Fig 7).Source: Google Maps
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2. Methods
Literature search
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vented hypothermia.
Figures 4, 5, and 6 show photographs of Sato’
s Hill.

Mr. Yoshifumi Sato, who built the shelter at

Our literature search produced eight Japanese

Sato’
s Hill, provided an account of the events of

media articles related to Sato’
s Hill(8,10 – 16).The

the day the Great East Japan Earthquake struck

following summarizes the results of our literature

(8). We also performed an internet search of the

search.

word“Satoyama”by using Google Search. If a
URL could not be reached, we retrieved a cached

Sato’
s Hill is about 700 m from the coast and

copy of the page from Internet Archive(https://

about 30 m above sea level(8,10 - 14). Steps are

archive.org/). For Japanese articles, we searched

maintained so that foot traffic can reach the

J-STAGE using the keywords“tsunami,”
“evac-

hill’
s summit(Fig. 4). Sato’
s Hill is currently par-

uation facility,”and“height”in Japanese and se-

ticipating in a ﬁeldwork program with a disaster

lected papers we considered as related from their

education facility based in a closed elementary

title. For English articles, we searched ProQuest

school(KIBOTCHA)(14, 15).

using the keywords“tsunami,”
“evacuation,”
height,”and“shelter”and selected the resulting

The academic literature search returned 180

papers from their titles, examined their contents,

articles on J-STAGE and 374 articles on Pro-

and decided which to reference.

Quest with details of the tsunami height and
evacuation shelter height. Examining the article

Tsunami height evaluation around Sato’s Hill
We determined the inundation situation around

titles and contents related to the tsunami height in
the area around Sato’
s Hill, we found no articles

Sato’
s Hill at the time of the earthquake and

on J-STAGE and one on ProQuest, which indi-

evaluated its safety by using Google Maps and

cated that the tsunami height reached about 17 m

inundation record data (http://www.jsgi-map.org/

in the coastal area and about 40 m in the inland

tsunami/)(9).

area(17). The height of the tsunami diﬀered with
time, so it is diﬃcult to accurately determine. The

3. Results

maximum tsunami height planned for in tsunami
evacuation guidelines is the expected tsunami

Figure 3 is a statement from Mr. Yoshifumi

height plus a safety margin of 2 stories(about 6

Sato about his shelter and the events of March

m); in this way, the maximum height was esti-

11, 2011(8). According to Mr. Sato, this facility

mated as 23 m in coastal areas and 46 m in inland

provided shelter to 70 people after the Great East

areas(17, 18). We used Google Maps to extract a

Japan Earthquake. He also reported that approxi-

map around Sato’
s Hill from inundation data

mately 70 % of those who took shelter were local

and created a schematic regional map describing

residents, and the others were passersby. Mr. Sato

a straight line passing from the coast to Sato’
s

and his colleagues evacuated to the hill 30 min.

Hill(Fig. 7 and Table 1). The tsunami height

after the earthquake struck. He saw the tsunami

around Sato’
s Hill was about 6 – 7 m, and the

approaching just as they arrived. He found about

maximum height was about 13 m, which is less

40 people seeking refuge on the hill. Shortly

than that of Sato’
s Hill.

after that, other passersby evacuated to the hill.
The shelter contained supplies such as food and
blankets, which kept the evacuees warm and pre-
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Fig 3: A report from Mr. Yoshifumi Sato, who built Sato’
s Hill as a privately operated tsunami evacuation
facility located 700 m from the coast on a natural rocky hill at an elevation of about 30 m.

Fig 5: A photograph of Sato’
s Hill in April.
Seasonal f lowers and cherry trees are
planted around hill, where it is also possible
to host seasonal events.
Fig 4: A photograph of stairs maintained to allow
climbing to the top of the hill.
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Fig 6: A photograph of the shelter at the top of the
hill, which includes structures to keep out
rain and wind and to stockpile evacuation
supplies.

Fig 7: Tsunami inundation data superimposed on
Google Maps data for the vicinity of Sato’
s
Hill. The area recorded inundations of 6 – 7
m, but Sato’
s Hill, which is more than 30 m
above sea level, was not submerged.

Table 1: Location data around Sato’
s Hill from Google Maps and corresponding tsunami inundation data.
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4. Discussion

floating facility can be built, but it is diﬃcult to
draw concrete conclusions regarding the problem

We compiled a record of Sato’
s Hill, a private

of cost eﬀectiveness(24).

tsunami shelter that saved many lives in the Great

Sato’
s Hill is located near the coast, and veriﬁ-

East Japan Earthquake. Sato’
s Hill is located 700

cation by Google Maps showed that its elevation

m from the coast and is built on a natural rocky

of about 30 m places it in a safe area. However,

hill at a height of about 30 m. Sato’
s Hill pro-

there is a possibility of an unprecedented earth-

vided shelter to 70 people, including local resi-

quake or that tsunami height forecasts do not ap-

dents and passersby, after the Great East Japan

ply to all areas. It is practically diﬃcult to prepare

Earthquake. Sato’
s Hill is currently participating

tsunami evacuation facilities with elevations of

in a ﬁeldwork program with a disaster education

about 50 m in all locations. Although there are

facility. Our literature search revealed that the

regional indicators such as elevations of 17 m or

estimated tsunami height was from 23 m at the

more in coastal areas and 40 m or more in inland

coast to about 46 m inland. This article presented

areas, simulations for the specific topology of

the difficulty of adequately estimating tsunami

each area are indispensable. In other words, the

heights. Google Maps and an inundation database

speciﬁc height and location of Sato’
s Hill is not a

showed the safety of Sato’
s Hill in the Great East

universal standard for tsunami shelters.

Japan Earthquake.

Considering records in the literature from the

If there are no nearby elevated locations in

viewpoint of shelter maintenance, it has been re-

coastal lowland areas, or if it takes too long to

ported that many Japanese shrines were built on

evacuate to higher ground speciﬁed in an evacua-

high ground(25). Before World War II, shrines

tion plan, it is necessary to prepare tsunami shel-

and temples were the center of local communi-

ters with adequate height and practical evacuation

ties, so it is possible that a system was created in

plans. Tsunami evacuation shelters were prepared

which the command center of the local commu-

in many municipalities(3, 4, 8, 9, 19, 20), but

nity managed high-elevation evacuation centers

their performance depends on factors such as

(25). Maintenance of evacuation shelters may be

tower height, building strength, equipment, space,

difficult in some government-managed facili-

and stockpiling of supplies(18).

ties(8,19). Stockpiles need replenishment or re-

There are some standards for the design of
tsunami evacuation shelters, such as coeﬃcients

placement, and shelters require annual budgets or
regular use.

for height and distance from coastal areas and

In the Tohoku region of Japan, a traditional

obstacles(18). However, tsunami heights vary by

teaching called tendenko has been reported to

region and time. For example, a tsunami height of

save many lives when faithfully put into prac-

10 m is predicted for the Paciﬁc coast in Shizuoka

tice(26), although it has also been argued that

Prefecture(21,22)based on evaluations of histori-

tendenko should be just one of multiple strate-

cal records for hazard maps by specialists. How-

gies(27). Sato’
s Hill has begun to collaborate

ever, tsunami height evaluations vary between

with disaster education facilities in order to raise

reports(21, 22, 23). Previous studies did not fully

awareness among local residents through disaster

verify tsunami heights, and thus the experience of

preparedness events(14,15), which might lead to

Otsuchi, Iwate Prefecture, where the city hall and

more eﬀective tsunami evacuations.

shelter heights were insuﬃcient, was not reﬂect-

After 2011, many local governments rebuilt

ed. Therefore, further research on tsunami height

their municipalities to be more resilient against

is still needed. This problem may be solved if a

earthquakes and tsunamis. Higashi-Matsushima
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is one such city, where residential blocks were
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