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INTRODUCTION	  
In order to share scientific knowledge and promote international collaboration in the field of 
risk and disaster reduction, the British Embassy in Tokyo hosted a UK-Japan Joint 
Workshop in October 2012. The event was jointly organised by University College 
London’s (UCL) Institute for Risk and Disaster Reduction (IRDR) and Tohoku University’s 
International Research Institute of Disaster Science (IRIDeS).

The workshop delegations  comprised a mixture of UK and Japanese academics and 
industry representatives with expertise including geophysics, engineering, financial risk, 
psychology and psychiatry. The format included conference presentations by each 
delegate member and open discussions among the delegate members and workshop 
observers. The themes covered were:

(1) Evaluation of Geological Hazards
(2) Lessons Learned from Damage during the 2011 Great East Japan Earthquake and 

Similar Disasters 
(3) Psychological Impact
(4) Risk Management, Risk Reduction, and Risk Transfer

Following the workshop, the British Embassy hosted an open seminar at the Ambassador’s 
residence entitled ‘Disaster Research in the UK and Collaboration with Japan.’ In addition 
to academics and representatives from industry, the seminar participants also included 
members of government organisations and attendance was close to 100 people.

As part of the workshop programme, the UK delegates were given an opportunity to 
participate in site visits. Part of the UK delegation had a tour of selected towns affected by 
the March 2011 Great East Japan Earthquake and Tsunami in Miyagi Prefecture, while 
other members of the delegation were given a tour of the Fukushima Daiichi Nuclear 
Power Plant. Some delegates also visited a selection of sites in Iwate Prefecture to survey 
the damage and assess the recovery. 

This  document provides notes on the observed damage and recovery in the towns visited, 
an analysis of the psychological impact of the disaster, and a summary of the workshop.

FOREWORD	  FROM	  THE	  DIRECTOR
The UCL IRDR was launched in 2010, with a mission to lead research, knowledge 
exchange and teaching across UCL and establish collaboration with universities, research 
centres and institutions, globally. We can only address major challenges by harnessing our 
collective expertise and by working across and beyond the boundaries of traditional 
disciplines. The 11th March 2011 Great East Japan Earthquake (Tohoku Earthquake) 
became an important focus for our work. Many of us at UCL had long-established ties with 
Tohoku University. I was invited to join the UK Institution of Structural Engineers 
Earthquake Engineering Field Investigation Team’s (EEFIT) mission to Tohoku in 2011. 



Out of this came the EEFIT report into our findings, which was much cited by the UK 
Government in their own analysis  of the disaster, and also a desire to strengthen UK-
Japan collaboration in disaster preparedness and resilience. We were fortunate in having 
the strong support of the British Embassy in Tokyo, the UK Department for Business, 
Innovation and Skills, and like-minded colleagues  across Japan, to organise a joint UK-
Japan workshop on disaster risk reduction. We were also fortunate in being able to 
undertake further field observations including the Fukushima Daiichi Nuclear Power Plant, 
to which it had not been possible to gain access in 2011. We present this report as a 
contribution to the understanding of the earthquake, the recovery from the disaster and 
lessons that can be learnt, which can be  more generally applied.
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SUMMARY	  OF	  THE	  EARTHQUAKE	  
On 11th March 2011 the fifth largest 
earthquake worldwide since 1900 and the 
largest in Japan since instrumental records 
began 130 years ago occurred off the 
eastern coast of Tohoku Region, Japan.  
The Mw9.0 earthquake had an inferred slip 
in excess of 27m; this slip was about twice 
the peak slip of the 2004 Mw9.1 Sumatra 
and 2010 Mw8.8 Chile earthquakes 
(Avouac, 2011). This  rupture occurred 
along 400km of the Japan Trench (Ozawa 
et al., 2011) where subduction of the 
Pacific Plate below the Okhotsk Plate 
takes place (Figure 1). Before the 
earthquake occurred, this section of the 
plate interface was characterised by a slip 
deficit large enough to explain the slip that 
occurred on 11th March 2011. The 
deformation rate inferred from geodesy 
showed that more strain had accumulated 
than had been released in earthquakes, 
aseismic slip and postseismic afterslip 
(Hashimoto et al., 2009). This  area of the 
plate interface had been locked (no creep) 
for a few decades. Most models assumed 
the shallow portion of the plate interface 
nearest the trench was not locked; 
however, the significant slip that occurred 
at shallow depths suggests that this 
section may also have been locked before 
the earthquake (Avouac, 2011).

   

Figure 1a (top, Figure 1a, Ozawa et al., 
2011): Tectonic setting and focal 
mechanism of the Great East Japan 
Earthquake; and 1b (bottom, Figure 1, 
Avouac, 2011): Slip distribution (black 
contours) and plate interface locking 
(coloured patches) prior to earthquake.
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Published inter-seismic models, with rates 
of strain accumulation calculated from 
GPS, suggest that the average recurrence 
interval for a Mw9.0 earthquake should be 
a few hundred years (Avouac, 2011). 
However the palaeo-tsunami and historical 
records do not show this, demonstrating 
either the slip deficit accumulating in the 
inter-seismic period is overestimated (for 
example, if part of the inter-seismic strain 
is  not recoverable) or that geodetic rates 
measured over short timescales such as 
decades cannot be used to infer longer 
term rates (Avouac, 2011), as observed in 
other tectonic settings such as the Italian 
Apennines (Faure Walker et al., 2010).

Two days  of foreshocks preceded the 
Mw9.0 earthquake; the foreshocks started 
on 9th March 2011 with a magnitude 7.2 
shock 40km east from the epicentre of the 
11th March main event (USGS, 2011a).  
There have been three large historical 
earthquakes with epicentres further north 
than the 2011 event that have produced 
tsunami along the Kuril Trench in 1611 and 
along the Japan Trench in 1896 (Mw8.5) 
and 1933 (Mw8.4). The 1896 and 1933 
tsunami had maximum recorded run-up 
heights  of 38m and 29m with death tolls of 
27,000 and 3,000 respectively (USGS, 
2011a). There have been no instrumentally 
recorded inter-plate earthquakes with 
Mw>7.5 along the southern Japan Trench 
since 1923 and no historical earthquakes 
along the Japan Trench with Mw>8.5 since 
the 17th century (Ozawa et al., 2011). 

The earthquake caused high intensity 
shaking in Tohoku and Kanto Regions 
(Figure 2); it was felt as far away as south 
Taiwan, Beijing and Northern Mariana 
Islands, and caused large ice slabs to 
break off the Sulzberger Ice Shelf in 

Antarctica (USGS, 2011a). Within Japan, 
the earthquake and tsunami caused        
US$200-300bil l ion of property and 
infrastructure damage, US$400-700billion 
in total damages and 19,000 casualties 
(Daniell and Vervaeck, 2012, USGS, 
2012). The tsunami caused building 
damage on the other side of the Pacific; 
for example, over US$50million damage 
was caused to harbours in California 
(USGS, 2012), houses were destroyed in 
Pisco, Peru, and properties were damaged 
in the Galapagos Islands where a 2.08m 
high tsunami was recorded in Santa Cruz 
(USGS, 2011a). In terms of industrial 
production, the affected area accounts for 
just 2.5% of the Japanese economy, which 
limited the impact on the Japanese 
economy (METI, 2012); by summer 2011, 
Japan’s economic activity had almost 
recovered (METI, 2012). However, there 
were disruptions to auto and electrical 
industries’ supply chains, a problem that 
was exasperated by floods in Thailand that 
started in July 2011 (e.g. Soble, 2011, 
Suess and Bandel, 2011, Wright, 2012).
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Figure 2: Shake map of the Great East 
Japan Earthquake (USGS, 2011b).
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VISITS	  TO	  TOWNS	  IN	  MIYAGI	  PREFECTURE

Mr. Antonios Pomonis (Leader of 
the EEFIT Mission to Japan in May-
June 2011) and Dr. Joanna Faure 
Walker (University College London, 
IRDR) visited the towns and cities 
of Onagawa, Ishinomaki, Natori and 
M a t s u s h i m a ( a l l i n M i y a g i 
Prefecture) on 3rd October 2012. 
The location of these cities can be 
seen in Figure 3. In this  brief note 
we present our observations on 
damage and recovery, based on 
discussions we had with Dr. Anawat 
Suppasri (Tohoku Universi ty, 
IRIDeS), the city authorities  in 
Ishinomaki, and our own research 
upon returning from Japan. Dr. 
Katsu Goda (Member of the EEFIT 
Mission to Japan in May-June 2011) 
visited Minami Sanriku and Okawa 
Elementary School in Ishinomaki on 
8th October 2012.

Figure 3: Location map of coastal 
m u n i c i p a l i t i e s i n M i y a g i 
Prefecture affected by the 2011 
tsunami (Gokon and Koshimura, 
2012).

ONAGAWA	  

Onagawa Town (-cho), formed in 1923, is 
the southernmost town in the rias coastline 
of the Sanriku Region. It is  situated in a 
narrow valley, just north of the Oshika 
Peninsula, exposed to the coast in the 
east-facing direction. Prior to the 2011 
tsunami, it had a small harbour wall at the 
entrance to the bay that was destroyed by 
the tsunami. Onagawa-cho and the 

surrounding rural areas form a municipality 
which in turn is surrounded by the 
municipality of Ishinomaki (see Figure 3). 
Onagawa-cho suffered considerable loss 
of life during the 1896 Meiji and 1933 
Showa tsunami as well as during the 1960 
Chile earthquake tsunami.
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Onagawa-cho (population circa 10,250 at 
time of earthquake) suffered the highest 
loss of life ratio among all the towns 
affected by the 2011 tsunami in Japan, as 
11.4% of the population estimated to have 
lived inside the tsunami inundation zone 
was confirmed dead or missing (FDMA, 
2012). The tsunami casualty in Onagawa 
was 575 dead and 340 missing among a 
population of 8,048 people in the 
inundation zone of which circa 30% were 
older than 64 years. Due to the severity of 
the tsunami damage in this town, the ratio 
of missing people to the total life loss was 
the highest among all affected towns in 
Japan (37%). The number of people 
injured has not yet been reported (as is the 
case for an additional 11 tsunami affected 
towns in Japan). EEFIT investigated 
damage in Onagawa including detailed 
studies  on the cause for non-wooden 
buildings being overturned as well as  to 
the coastal protection structures (EEFIT, 
2011). 

Figure 4 shows the town centre completely 
submerged by the nearly 18m tsunami. 
Figure 5 is the tsunami inundation extent 
map in Onagawa municipali ty and 
surrounding areas. 

In terms of damage to the buildings in 
Onagawa-cho, 2,923 buildings were 
completely destroyed by the tsunami 
(mostly wooden residential houses and 
tenements), 347 were partially destroyed, 
662 were damaged partially and another 
1,624 buildings were flooded above or 
below ground floor level but not seriously 
damaged (a total of 5,556 buildings). To 
put this  into perspective, that is  more than 
80% of its  buildings and more than 50% of 
its homes.

Figure 4: Onagawa Town completely 
submerged under the tsunami. The 
Onagawa Hospital on raised ground 
(16m above mean sea level) is seen in 
the background.

Figure 5: Tsunami inundation map in 
Onagawa municipality and surrounding 
a r e a s ( J a p a n A s s o c i a t i o n o f 
Geographers, 2011). 

A video seen by clicking on the following 
link shows the tsunami waters gradually 
rising in Onagawa until they reach circa 
18m: 

http://www.youtube.com/watch?v=0ey-4_ 
iWEfU.

http://www.youtube.com/watch?v=0ey-4_iWEfU
http://www.youtube.com/watch?v=0ey-4_iWEfU
http://www.youtube.com/watch?v=0ey-4_iWEfU
http://www.youtube.com/watch?v=0ey-4_iWEfU
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The first two minutes of the three minute 
video show the tsunami assault and the 
last minute shows the draw-back phase 
(receding waters). The video was shot 
from the top of the Marine Pal building, a 
four-story fish market, aquarium and 
maritime museum at the waterfront (the 
brown-colour bui lding seen in the 
background of Figure 6a). Onagawa 
Hospital (standing on raised ground 16m 
above sea level) can be seen from      
2min 17secs to 2min 22secs. It was the 
first tsunami wave that caused most of the 
damage as it was the highest; this first 
wave is shown in the video. However, note 
that the small town had been submerged 
not once, but several times as the waves 
withdrew and hit repeatedly. 

Following are some photographs and 
commentary related to the conditions in 
Onagawa just over one and a half years 
after the devastating tsunami. A set of five 
photograph pairs (2nd June 2011 and 3rd 
October 2012 respectively) taken from 
roughly the same spot and with the same 
orientation is shown (Figures 6a-b to 10a-
b), starting from the view towards the sea 
and then turning inland.

The photographs have been taken from 
the raised grounds of the Onagawa 
Hospital. The observation point is circa 
16m above mean sea level, while the 
tsunami inundation level on 11th March 
2011 at this  location reached a height of 
17.95m. 

As seen in the five photograph pairs, at 
the time of the first visit on 2nd June 2011, 
the local authorities in Onagawa had 
already begun clearing the damaged and 
destroyed buildings at this location. By 
October 2012, all the buildings in the 
tsunami inundation zone had been entirely 
cleared, the only exception being three of 
the five overturned buildings investigated 
during the EEFIT mission (2nd June 2011), 
which will probably remain in position as 
memorials of the disaster. In total, at least 
seven non-wooden buildings (6 reinforced 
concrete (RC) and 1 steel frame) were 
overturned by the tsunami in Onagawa-
cho; this is something that has not been 
observed in any other tsunami of the 20th 
or 21st century.

Figures 6a (left, 2nd June 2011) and 6b (right, 3rd October 2012). The arrow shows 
the Marine Pal building (a community centre).
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Figures 7a (left, 2nd June 2011) and 7b (right, 3rd October 2012): The flat zone of 
Onagawa Town as it appears when viewed from the Onagawa Hospital.

Figures 8a (left, 2nd June 2011) and 8b (right, 3rd October 2012)

Figures 9a (left, 2nd June 2011) and 9b (right, 3rd October 2012)
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Onagawa Hospital’s ground floor level was 
flooded by the tsunami; it has since been 
renovated and part-converted into a 
residential care home for the elderly. It was 
re-opened on 14th April 2012. As a result 
of the conversion, some 100 people (both 
elderly and in need of care in northern 
Japan) were able to leave their temporary 
container housings and move to the site. 

The former hospital has been given a 
housing wing with 42 units for elderly, long-
term residents and a section with 19 beds 
for general medical care.

(ht tp : / /www.swiss-so l idar i ty.org/en/
f u n d r a i s i n g - c a m p a i g n s / o n g o i n g -
f u n d r a i s i n g / j a p a n / m o r e / n e w s /
2012/04/16/2480_ein_meilenstein_im_wie
deraufbau_onagawas.html).

Figures 10a (left, 2nd June 2011) and 10b (right, 3rd October 2012)

Figure 11: An illustrative map of Onagawa-cho’s reconstruction master plan under 
consideration (Source: The Daily Yomiuri, 2011)

http://www.swiss-solidarity.org/en/fundraising-campaigns/ongoing-fundraising/japan/more/news/2012/04/16/2480_ein_meilenstein_im_wiederaufbau_onagawas.html
http://www.swiss-solidarity.org/en/fundraising-campaigns/ongoing-fundraising/japan/more/news/2012/04/16/2480_ein_meilenstein_im_wiederaufbau_onagawas.html
http://www.swiss-solidarity.org/en/fundraising-campaigns/ongoing-fundraising/japan/more/news/2012/04/16/2480_ein_meilenstein_im_wiederaufbau_onagawas.html
http://www.swiss-solidarity.org/en/fundraising-campaigns/ongoing-fundraising/japan/more/news/2012/04/16/2480_ein_meilenstein_im_wiederaufbau_onagawas.html
http://www.swiss-solidarity.org/en/fundraising-campaigns/ongoing-fundraising/japan/more/news/2012/04/16/2480_ein_meilenstein_im_wiederaufbau_onagawas.html
http://www.swiss-solidarity.org/en/fundraising-campaigns/ongoing-fundraising/japan/more/news/2012/04/16/2480_ein_meilenstein_im_wiederaufbau_onagawas.html
http://www.swiss-solidarity.org/en/fundraising-campaigns/ongoing-fundraising/japan/more/news/2012/04/16/2480_ein_meilenstein_im_wiederaufbau_onagawas.html
http://www.swiss-solidarity.org/en/fundraising-campaigns/ongoing-fundraising/japan/more/news/2012/04/16/2480_ein_meilenstein_im_wiederaufbau_onagawas.html
http://www.swiss-solidarity.org/en/fundraising-campaigns/ongoing-fundraising/japan/more/news/2012/04/16/2480_ein_meilenstein_im_wiederaufbau_onagawas.html
http://www.swiss-solidarity.org/en/fundraising-campaigns/ongoing-fundraising/japan/more/news/2012/04/16/2480_ein_meilenstein_im_wiederaufbau_onagawas.html
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Onagawa-cho’s reconstruction master plan 
is  shown in Figure 11. It is seen that the 
area depicted in Figures 6 to 10 is set to 
become a multi-purpose urban zone. As 
aforement ioned, three of the f ive 
overturned buildings remain in their 
original positions and are awaiting the final 
decision if they will become memorial sites 
in the new Onagawa-cho. These buildings 
are shown in Figures 12 to 14. Figure 15 
shows a road-side sign, indicating that the 
ground will be raised by 5.4m. Note that 
coastal subsidence after the earthquake in 
Onagawa was 1.2m, with waters invading 
the devastated town during high tide. Civil 
engineers will terrace the surrounding hills 
to make room for new homes at high 
elevations and the earth they dig out will 
be used to raise the lower land and roads 
by 5.4m. Some of this work is probably at 
the very early stages at the former site of 
the Marine Pal building, as seen in Figures 
6 and 7.

Figure 12: Onagawa overturned 
Building A, on 3rd October 2012 (see 
also EEFIT (2011) Figures 7.36 and 
7.37). It was a building housing a 
vitamin supplement retailer’s business.

Figure 13: Onagawa overturned 
Building B, on 3rd October 2012 (see 
also EEFIT (2011) Figure 7.39). It was 
the town’s Police Box. People in the 
photo (left to right): Mrs. Barbara Monk-
Steel (De Montfort University); Mrs. 
Patty Whittaker; Mr. Dickie Whittaker 
( F i n a n c i a l K n o w l e d g e Tr a n s f e r 
Network); Mr. Seiichi Asano (British 
Embassy Tokyo); Dr. Joanna Faure 
Walker (UCL IRDR); Dr. Mari Yasuda 
(Tohoku University, IRIDeS); and Dr. 
Anawat Suppasri (Tohoku University, 
IRIDeS). 

Figure 14: Onagawa overturned 
Building D, on 3rd October 2012 (see 
also EEFIT (2011) Figures 7.41 and 
7.42). It was the Enoshima Island’s 
Mutual Benefit Association Hall and 
contained the Island’s Ferry Waiting 
Hall (connecting Onagawa and the 
island once every two days).
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Figure 15: Road-side sign in Onagawa, 
indicating the ground will be raised by 
5.4m. Photo take 3rd October 2012.
An interesting article discussing the difficult 
decisions that have to be made for the 
reconstruction of 15 villages that belong to 

Onagawa municipality can be read in the 
following link: http://www.nytimes.com/ 
2012/02/13/wor ld /as ia /amid- japan-
reconstruction-generational-rift-opens. 
html?pagewanted=all&_r=0.
The following link provides an article 
d i scuss ing i ssues  re la ted to the 
reconstruction of the town itself and nearby 
Takenoura village: http://www.smh.com.au/
environment/one-year-on-a-region-fights-
for-its-survival-20120310-1uqxv.html.
Several articles related to the recovery and 
reconstruction planning for Onagawa-cho 
can be seen in the following link: http://
r ecove r i ng tohoku .wo rdp ress . com/
category/miyagi/onagawa/.

ISHINOMAKI	  
Ishinomaki municipality (population of 
160,700 in 2010) was the biggest 
municipality affected by the 2011 tsunami 
(with the exception of Sendai, where only 
two of its  less populated coastal districts 
were affected). The municipality was 
formed in 2005 by the merger of 
Ishinomaki City (population circa 100,000) 
with 6 other towns (Kahoku, Kanan, 
Kitakami, Monou and Ogatsu, all from the 
former Monou district, and Oshika).  
Ishinomaki City has approximately 10km of 
south-facing coastline, much of which is 
dedicated to industrial activity at the port 
front. It is  situated in the northeastern end 
of Sendai Bay, northwest of the Oshika 
Peninsula. Here the focus  is on Ishinomaki 
City proper, although it should be noted 
that other parts  of the municipality, 
especially in the northwest as well as  in 
Oshika Peninsula (constituting mostly of 
small fishing villages), were also badly 
affected. 

Ishinomaki City has two ports: Ayukawa 
fishing port and a large industrial port. In 
2010, the fishing haul was ranked 3rd in 
Japan. Inland, beyond the port-industrial 
area on the Ishinomaki plain and along 
both banks of the Kitakami River, are 
densely populated-urbanized areas. 

On 11th March 2011, several tsunami 
waves, up to about 7.5m high, travelled 
inland up to 6km from the coast totally 
destroying parts of the city. The inundation 
height rapidly attenuated as the waves 
propagated inland although they remained 
quite high and destructive along the 
Kitakami River that crosses the city north 
to south, where areas up to 9.5km from the 
coast were inundated. As a result, 46% of 
the c i ty ’s land area (13% of the 
municipality’s land area) and 69% of the 
municipality’s population were inside the 
tsunami inundation zone (circa 112,000 
people, of which circa 24% were older than 
64 years). 

http://www.nytimes.com/2012/02/13/world/asia/amid-japan-reconstruction-generational-rift-opens.html?pagewanted=all&_r=0
http://www.nytimes.com/2012/02/13/world/asia/amid-japan-reconstruction-generational-rift-opens.html?pagewanted=all&_r=0
http://www.nytimes.com/2012/02/13/world/asia/amid-japan-reconstruction-generational-rift-opens.html?pagewanted=all&_r=0
http://www.nytimes.com/2012/02/13/world/asia/amid-japan-reconstruction-generational-rift-opens.html?pagewanted=all&_r=0
http://www.nytimes.com/2012/02/13/world/asia/amid-japan-reconstruction-generational-rift-opens.html?pagewanted=all&_r=0
http://www.nytimes.com/2012/02/13/world/asia/amid-japan-reconstruction-generational-rift-opens.html?pagewanted=all&_r=0
http://www.nytimes.com/2012/02/13/world/asia/amid-japan-reconstruction-generational-rift-opens.html?pagewanted=all&_r=0
http://www.nytimes.com/2012/02/13/world/asia/amid-japan-reconstruction-generational-rift-opens.html?pagewanted=all&_r=0
http://www.smh.com.au/environment/one-year-on-a-region-fights-for-its-survival-20120310-1uqxv.html
http://www.smh.com.au/environment/one-year-on-a-region-fights-for-its-survival-20120310-1uqxv.html
http://www.smh.com.au/environment/one-year-on-a-region-fights-for-its-survival-20120310-1uqxv.html
http://www.smh.com.au/environment/one-year-on-a-region-fights-for-its-survival-20120310-1uqxv.html
http://www.smh.com.au/environment/one-year-on-a-region-fights-for-its-survival-20120310-1uqxv.html
http://www.smh.com.au/environment/one-year-on-a-region-fights-for-its-survival-20120310-1uqxv.html
http://recoveringtohoku.wordpress.com/category/miyagi/onagawa/
http://recoveringtohoku.wordpress.com/category/miyagi/onagawa/
http://recoveringtohoku.wordpress.com/category/miyagi/onagawa/
http://recoveringtohoku.wordpress.com/category/miyagi/onagawa/
http://recoveringtohoku.wordpress.com/category/miyagi/onagawa/
http://recoveringtohoku.wordpress.com/category/miyagi/onagawa/
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EEFIT investigated damage to the fishing 
and industrial ports of Ishinomaki district 
as well as  to the coastal protection 
structures (EEFIT, 2011). Figure 16 is the 
tsunami inundation height and extent map 
including information on damage severity 
and casualties in Ishinomaki City. Worst 
affected were the areas around the fishing 
and industrial ports. For the most part, in 
these areas  land-use was industrial 
(related to fishing) with thousands of 
people working there on the day of the 
earthquake (including workers that were 
not inhabitants of the city). At Ayukawa 
Port, in addition to the severe damage to 
the fleet and port infrastructure, around 

80% of the nearby 700 houses were 
destroyed. The Kadonowaki neighborhood 
was also largely destroyed. 

In Ishinomaki municipality 20% of the 
buildings in the inundation zones were 
swept away; in Onagawa and Natori the 
equivalent ratio was 75% and 51%, 
respectively. This happened because the 
tsunami inundation in the city was mostly 
below 4m, while wooden houses on 
shallow foundations are vulnerable to 
buoyancy forces when rapidly moving and 
sustained tsunami inundation exceeds 3m 
in height.

Figure 16: Ishinomaki City tsunami inundation and damage map (Source: 
Ishinomaki Municipality Reconstruction Plan Report, December 2011, in Japanese). 
Legend: Pink = inundation depth exceeding 2m; Blue = inundation depth below 2m; 
Red = wooden houses completely destroyed; Yellow = wooden houses partially 
destroyed or flooded but not destroyed.
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In addition, the earthquake caused some 
areas of the city to move as much as 5.3m 
to the east and subside by 1.2m causing 
knee-deep flooding, washing away dirt 
foundation around wooden houses, 
swamping sewage systems and blocking 
toilets twice daily at high tide. 

Tsunami-related life loss in Ishinomaki 
municipality was the highest among all 
affected municipalities. As of 30th June 
2012, the death toll reached 3,103 and 
488 were missing (3,591 combined dead 
and missing of which circa 72% were in 
the city). This is nearly one fifth of the total 
life loss (including the missing) attributed 
to the 11th March 2011 earthquake and 
tsunami; note the population in the 
tsunami inundation zone is  also nearly one 
fifth of the total. In Ishinomaki City 2,203 
people have been confirmed dead and 
another 621 are still missing (2.6% of the 
city’s population). Like in Onagawa, the 
number of people injured has not yet been 
reported.

However - unlike the cities  in the rias 
coastline - due to lower inundation levels 
and other factors the death rate in 
Ishinomaki was significantly lower, 
reaching 3.3% of the population estimated 
to live inside the inundation zone (less 
than one third of the death rate in 
Onagawa), as was also the proportion of 
missing (15% of the combined registered 
dead and missing). 

As a result of the tsunami that destroyed 
most of the fishery related industrial 
production units  as well as much of the 
fishing fleet (around 90% damaged or 
destroyed), the haul in 2011 was reduced 
by 70%. Offshore aquacultures were also 

destroyed. In addition, physical damage to 
the two ports  due to ground subsidence 
and the tsunami is  a significant factor 
hampering recovery. By March 2012, it 
was reported that the recovery rate of the 
fishery industry’s  operations was about 
50% although sales rates had recovered 
at just 15%, due to a loss in confidence of 
the Japanese population related to the 
possibility of nuclear contamination of the 
catch. This is perhaps the biggest 
challenge to the city’s recovery and long-
term prospects, as  significant reduction in 
unemployment cannot be attained unless 
sales pick up to levels similar to those 
prior to the disaster. The city is actively 
trying to address this problem by making 
daily radiation measurements of the catch, 
but there is a constant worry that if 
contamination is reported, then the 
meager sales will suffer further. This is 
also illustrated by other fishing towns north 
of Ishinomaki apparently having a better 
recovery rate in operations and sales.

In terms of damage to the buildings, in 
Ishinomaki municipality 22,357 buildings 
were completely destroyed or swept away 
by the tsunami (17% of the Japanese 
total), 11,021 were partially destroyed, 
20,364 were damaged partially and 
another 17,729 buildings were flooded 
above or below ground floor level but not 
seriously damaged. The direct cost of the 
disaster in Ishinomaki municipality was 
estimated at 470 billion yen (5.9 billion 
USD) or 42.5% of its gross local product. It 
is  worth considering that even the wooden 
houses that were not destroyed are quite 
vulnerable to salt water, as the wood 
gradually looses bearing capacity due to 
the salt’s action.
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Following the disaster, fatalities and 
outmigration due to homelessness and 
unemployment have caused Ishinomaki 
municipality’s population to fall to 150,000 
people (from a peak of 184,000 in the 
mid-1980s). During the first year after the 
disaster, Ishinomaki relied heavily on the 
support of 260,000 volunteers who came 
to the city for varied duration and helped in 
clean-up operations and support of  
evacuees in emergency shelters.

The immediate challenges following the 
earthquake were finding victims, sorting 
out reports  of thousands of people 
missing, and providing shelter for 50,000 
homeless people. Another challenge was 
the tremendous volume of tsunami debris. 
At an estimated 6.16 million tons, the 
Ishinomaki tsunami debris constituted 27% 
of the Japanese total and is equivalent to 
108 years of waste (the Ishinomaki debris 
exceeded those of the whole of Iwate 
Prefecture by 30% and was equivalent to 
12% of the annual general waste total in 
Japan). This is a tremendous challenge for 
Ishinomaki City and as of 3rd October 
2012, tsunami debris was still not cleared 
from the affected sites. Demolitions were 
still taking place and tsunami mounts 
being processed (unlike in the other towns 
visited in Miyagi). The city authorities 
stated that March 2014 (3 years after the 
event) is the target date for debris 
clearance completion.

Another ongoing challenge is  the large 
number of missing people. For more than 
three months, the number reported 
missing in Ishinomaki stood at 2,770 
people, as the city was unable to carry out 
a census among evacuees and registered 
residents. Gradually, from July 2011, the 

city was able to clarify the situation, first 
announcing that the number of people 
missing was reduced to just over 1,000, 
with this  number falling to 553 by March 
2012. Fatalities  accounted for around 200 
of the circa 2,200 people struck off the list, 
the rest being evacuees in shelters or 
those who had temporarily left the city.

The management of the thousands of 
volunteers was  another difficult task. By 
mid-October 2011, seven months after the 
earthquake, all of Ishinomaki’s emergency 
evacuation shelters were closed, as all the 
30,000 long-term homeless people were 
given temporary prefabricated housing 
units in tsunami-safe designated areas 
(14,000 people) or the choice of 
alternative subsidized rental property 
(16,000 people) where they could stay for 
up to 2 years before moving to a 
permanent residence. As one and a half 
years have already passed and recovery 
moves at a slower pace than anticipated, it 
seems that the temporary prefabricated 
housing units will be home to the 
homeless for more than 3 years.

On the day of our visit, we were invited to 
meet the mayor of Ishinomaki City (Dr. 
Hiroshi Kameyama) and his staff working 
in disaster management and recovery 
(IDRAC (Ishinomaki Disaster Recovery 
Assistance Council) is a local organization 
active in managing the disaster). Since 
April 2012, the city hall is temporarily 
housed on the upper f loors of a 
department store (Meiyu Centre) in the city 
centre because the actual city hall offices 
had been damaged by the tsunami (in the 
first year the city hall was borrowing office 
space from the Ishinomaki Senshu 
University).
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The mayor stated four priorities of the city 
council are: (1) Housing for those 
displaced from their homes; (2) Removal 
of the debris; (3) Dealing with the 
subsidence and raising the land level; and  
(4) Creating jobs for the displaced 
workforce. The city’s  mid to long-term 
recovery plan is called ‘Compact City in 
Ishinomaki’. It is a plan drawn in 
collaboration with the Ishinomaki Chamber 
of Commerce. In short, the plan is  to 
regenerate the city centre around the 
railway station, with the construction of a 
new city hospital and a new commercial 
complex along with new housing units and 
schools  in the vicinity. In parts of the city 
centre, reconstruction restrictions apply 
until this plan is  finalized. This  is causing 
delays in the recovery rate for the 
commercial sector which cannot yet restart 
operations even though they may be 
completely ready to do so. In the 
meantime, some local businesses have 
built temporary structures and formed a 
relocated local market (Figure 17). In the 
port areas where ground subsidence 
problems are more severe, the plan is  to 
elevate the grounds to the previous  or 
even higher level. This is delaying 
reconstruction by one or two more years. 
Figures 18 to 21 show damage to 
industrial and school buildings near the 
shores of Ishinomaki Bay.

The following link is for the video shown 
during the Ishinomaki City hall meeting. It 
shows tsunami waters  arriving and quickly 
becoming over 3m high. At this location, 
the tsunami had a high velocity as the 
waters invaded from the nearby coast and 
channel along a wide street unimpeded by 
major obstacles. Video Link: http://
www.youtube.com/watch?v=I_l7zFndG24.

Figure 17: Ishinomaki temporary local 
market in prefabricated structures. 
Photo taken 3rd October 2012.

Figures 18 (top) and 19 (bottom): 
Tsunami damage in Ish inomaki 
Industrial Port. Damage was severe but 
not devastating among the mostly steel 
frame industrial structures. Both 
photos were taken on 2nd June 2011.

http://www.youtube.com/watch?v=I_l7zFndG24
http://www.youtube.com/watch?v=I_l7zFndG24
http://www.youtube.com/watch?v=I_l7zFndG24
http://www.youtube.com/watch?v=I_l7zFndG24
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Figure 20: A ‘HELP’ sign written on the 
grounds of Ohara Primary School, 
Ishinomaki, near the debris-ridden 
coast. Photo taken 14th March 2011. 

Figure 21: Kadonowaki School, partly 
burned by fire from burning cars 
pushed against the building, remains 
as it was on 11th March 2011. The 
students escaped up the hill behind the 
school. Photo taken 3rd October 2012.

The Okawa Elementary School (Figure 22) 
in Ishinomaki is famous for the tragic story 
regarding the death of 74 children (out of 
108 students) and 10 teachers (out of 13 
staff) due to the tsunami. The school was 
designed as an evacuation place for the 
local communities  because, under the 
previous tsunami hazard assessment, the 
school was not expected to be inundated 
by tsunami. The school is at the foot of the 
Shin-Kitakami Bridge, 5km from the mouth 

of Shin-Kitakami River. Currently, many 
people visit this school to commemorate 
the tragedy (Figure 23). The two-storey 
building was damaged (due to tsunami) 
significantly. Figure 24 shows a collapsed 
RC overpass that connects a main 
building and a gymnasium. 

One of the major contributing factors 
surrounding the tragedy is an alleged 
dispute among those who evacuated to 
the school after ground shaking. One 
option was to climb up the steep and 
slippery hill behind the school building, 
while another option was to gather at a 
local high ground near the top of the Shin-
Kitakami Bridge. This led to the loss of 
vital evacuation minutes. The majority of 
the evacuees headed towards the local 
higher ground, which was eventually 
i n u n d a t e d b y t h e t s u n a m i . T h e 
psychological impact of this tragedy on 
survivors and those who lost their family 
members there is enormous.

Figure 22: Okawa Elementary School, 
where lives of 74 children and 10 
teachers and staff were lost. Photo 
taken 8th October 2012.
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Figure 23: People arranging flowers 
and praying for the victims of Okawa 
Elementary School. Photo taken 8th 
October 2012.

Figure 24: Collapsed RC overpass 
which connects a main building and a 
gymnasium at Okawa Elementary 
School. Photo taken 8th October 2012. 

An additional problem for Ishinomaki is 
that the damaged railway line linking it to 
Sendai is not expected to be working until 
2015 or 2016 (Figures 25 and 26).

Figures 25 (top) and 26 (bottom): 
N o b i u u T r a i n S t a t i o n , 
Higashimatsushima, on rail l ine 
between Ishinomaki and Sendai. 
Photos taken 3rd October 2012.

YURIAGE	  (NATORI	  CITY)	  

Natori City (-shi), formed in 1955, is 
situated at the middle of Sendai Bay and, 
unlike the Sanriku Region to the north, it is 
characterised by a flat coastline and an 
alluvial plain that are facing the Pacific 
Ocean to the East (see Figure 3). It is the 
first municipality south of Sendai City, with 

the Natori River forming a boundary 
between the two cities. It lies on a busy 
c o m m u t e a r e a w i t h t h e S e n d a i 
International Airport situated near the coast 
at the southern end of the municipality. In 
2010 the city and surrounding areas had a 
population of 72,750. 
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Most of the coastal area of Natori consists 
of sand dunes and scattered coastal 
forests that are followed by rice paddies 
and other agricultural land. However, at the 
northern end just south of the Natori River 
lies Yuriage, a small fishing village and 
port with suburban housing development 
beyond the small port. It was not affected 
seriously by the 1896, 1933 and 1960 
tsunami and was thus  less well prepared 
for the March 2011 tsunami.

The tsunami reached the Yuriage district at 
around 15:55 JST, that is, 69 minutes after 
the occurrence of the earthquake and 
swept up to 4.5km inland, well past the 
Yuriage district. Despite sufficient lead 
time, the tsunami toll in Natori reached 911 
dead and 55 missing, among a population 
of 12,155 estimated to live in the tsunami 
inundation zone of which circa 17% were 
older than 64 years  (fatality rate of 7.9%). 
More than three quarters  of these victims 
were in the Yuriage district. The tsunami 
inundation height in Yuriage was 6.95m 
just behind the small port (600m from the 
coast) attenuating to 1.87m at about 
1.75km from the coast. EEFIT investigated 
damage to the fishing port and residential 
areas and coastal protection in Yuriage 
(EEFIT, 2011), while Murakami et al. 
(2012) presented a very detailed account 
of the evacuation conditions. Figure 27 
shows the tsunami inundation extent 
across Natori City. Due to the flat low-lying 
topography, the tsunami inundation zone 
extended to approximately 4 to 5km inland. 
This  made evacuation conditions hard and 
dangerous as there were only 5 vertical 
evacuation buildings  in the inundated area 
where fortunately 3,285 people took refuge 
and survived (EEFIT, 2011). 

Figure 27: Tsunami inundation map of 
Natori Ci ty (Source: Geospat ial 
Information Authority of Japan, 2011).

Due to Natori’s proximity to the airport, this 
was the first location of the tsunami to be 
filmed from helicopters by Japan’s  NHK 
and other networks and broadcasted in 
International News all around the world as 
it was arriving on the coast around 65 to 
70 minutes after the earthquake. Figure 28 
is  a picture of the arriving tsunami in Natori 
(ht tp: / /www.youtube.com/watch?v=y 
MI2QKKZyP8&feature=related). Just three 
days after the disaster the following video 
report was shown by the BBC: http://
www.bbc.co.uk/news/world-asia-pacific- 
12740339. 

Figure 28: Tsunami arriving in the 
Natori coastal areas around 65 to 70 
minutes after the earthquake (http://
www.youtube.com/watch?v=yMI2QKKZ 
yP8&feature=related).

http://www.youtube.com/watch?v=yMI2QKKZyP8&feature=related
http://www.youtube.com/watch?v=yMI2QKKZyP8&feature=related
http://www.youtube.com/watch?v=yMI2QKKZyP8&feature=related
http://www.youtube.com/watch?v=yMI2QKKZyP8&feature=related
http://www.bbc.co.uk/news/world-asia-pacific-12740339
http://www.bbc.co.uk/news/world-asia-pacific-12740339
http://www.bbc.co.uk/news/world-asia-pacific-12740339
http://www.bbc.co.uk/news/world-asia-pacific-12740339
http://www.bbc.co.uk/news/world-asia-pacific-12740339
http://www.bbc.co.uk/news/world-asia-pacific-12740339
http://www.youtube.com/watch?v=yMI2QKKZyP8&feature=related
http://www.youtube.com/watch?v=yMI2QKKZyP8&feature=related
http://www.youtube.com/watch?v=yMI2QKKZyP8&feature=related
http://www.youtube.com/watch?v=yMI2QKKZyP8&feature=related
http://www.youtube.com/watch?v=yMI2QKKZyP8&feature=related
http://www.youtube.com/watch?v=yMI2QKKZyP8&feature=related
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In the BBC video, local residents  voice 
worries that during the clean-up operation 
many personal belongings and memories 
will be lost. This is unfortunately the case; 
however, the local authorities have 
attempted to preserve as many personal 
items as possible and arranged these in a 
school’s sports hall so that survivors and 
relatives of victims could identify and 
recover them; this was still continuing at 
the time of our visit 18 months after the 
disaster (Figures 29 and 30).

Figures 29 (top) and 30 (bottom): 
‘Playground’ constructed out of 
tsunami debris outside the school and 
school bags collected in the school 
hall. The hall is currently being used as 
a repository for school-bags, books, 
photographs and other personal items, 
which must presumably belong to the 
victims in this area, in the hope that 
survivors or victims’ relatives will claim 
them. Photos taken 3rd October 2012.

Just like in Onagawa, surviving buildings in 
Yuriage have now been cleared away, with 
the exception of the houses in Chome-1 
(1.5 to 2km inland) that had less damage 
as the tsunami height there was mostly 
below 2m. On 3rd October 2012, all that 
remains of the rest of Yuriage district (once 
a lively town of 5,700 people spreading 
over one and a quarter square kilometres) 
is  a vast and desolate emptiness  with only 
houses’ foundations  visible (see front 
cover). At the port, there is now a vast 
debris incineration plant (Figure 31) 
burning what used to be people’s homes 
and businesses until the debris clearance 
operation is completed (it is estimated it 
will be there for another 1.5 years).

Figure 31: A tsunami debris incinerator 
plant operating at Yuriage port’s pier. 
Photo taken 3rd October 2012.
Natori municipality has decided to raise 
ground levels  in extensive sections along 
the coast high enough to withstand future 
tsunami of the same height. Ground levels 
in industrial zones will be increased by 
0.5-0.7m and those in residential zones 
will be raised by 3.9m. The process is 
estimated to need 3 million cubic metres of 
topsoil and 2 to 3 years to complete. 
Alternative options  such as construction of 
a seawall were considered, but faced 
opposition by local residents concerned 
about region’s ecology and scenic beauty. 
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Matsushima is  located along the coast of 
Matsushima Bay approximately 20km 
southwest of Ishinomaki Ci ty and 
approximately 20km northeast of Sendai 
City. Its rail station is on the rail line that 
connects Ishinomaki to Sendai City. 
Matsushima Bay is one of the Three Views 
of Japan; over 260 offshore islands  in the 
bay provide both the beautiful view and act 
as a natural breakwater. The islands 
limited the height of the tsunami that 
reached onshore to 3m, hence the 
damage in Matsushima was less severe 
than other towns along the coast; the 
tsunami inundation map is shown in Figure 
32. However, public infrastructure and 
utilities  were damaged: 219 homes were 
completely destroyed; 3,001 houses 
experienced damage, equivalent to 
approximately 60% of the residential 
building stock in the city (Japan Water 
Forum, 2012). 16 people were killed and 
37 injured (Japan Water Forum, 2012); the 
population of Matsushima is approximately 
16,500. Although most of the damage in 
this  town has been repaired, there are still 
drainage problems due to the 0.3-1.5m 
subsidence resulting from the earthquake 
(Japan Water Forum, 2012). An example 
of this is  shown in Figure 33, where 
subsidence has caused permanent 
flooding of the Godaido Temple car park 
located next to the shore. Tourism is a 
major source of income in the area and 
this  has suffered from reduced numbers 
following the earthquake. The Japanese 
Agency for Cultural Affairs has also 
reported damage to a number of listed 
historical sites and sites of scenic beauty.
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Figure 32: Tsunami inundation map of 
Matsushima Bay and surrounding area 
(Source: Geospatial Information 
Authority of Japan, 2011). Along the 
length of the coastline that is protected 
by the o f fshore is lands wi th in 
Matsushima Bay, the islands are 
believed to have acted as a natural 
breakwater for the tsunami and 
therefore reduced the height and 
inundation of the tsunami. Note the 
inundation was much greater northeast 
of Matsushima Bay where there are no 
islands to act as natural breakwaters 
for the tsunami.

Figure 33: Flooding as a result of 
subsidence in the Godaido Temple car 
park. The islands of Matsushima Bay 
can be seen in the background. Photo 
taken 3rd October 2012.

MATSUSHIMA
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Minami Sanriku-cho is a municipality in 
Miyagi Prefecture facing the Pacific Ocean 
along the Tohoku rias coast. It was formed 
in 2005, comprised of Shizugawa and 
Utatsu towns, and had a population of 
17,645 prior to the 2011 earthquake and 
tsunami (2010 census). About 30.1% of 
the population was aged 65 years old and 
above. The majority of its  terrain is 
m o u n t a i n o u s . L o c a l t o w n s a n d 
communities along the coast had been 
affected by previous major tsunami events, 
such as the 1896 Meiji-Sanriku and 1933 
Showa-Sanriku tsunami and the 1960 
Chi le tsunami . The h igh tsunami 
susceptibility is due to local coastal 
bathymetry and land topography which 
causes tsunami wave amplification. In 
Minami Sanriku, the total number of deaths 
amounted to 566, while the total number of 
missing was 237 (Minami Sanriku’s 
webpage: http://www.town.minamisanriku. 
miyagi.jp/). 

The Shizugawa district contains the most 
urbanised area of Minami Sanriku, such as 
the town hall building, hospitals, public 
facilities, etc. The maximum tsunami 
inundat ion depth reached 21.5m. 
Consequent ly, 2,048 houses were 
completely destroyed by the tsunami and 
catastrophic damage occurred to the 
district. Figure 34 shows photographs of 
t h e M i n a m i S a n r i k u e m e r g e n c y 
management headquarters, where a tragic 
loss of 20 members out of 30 workers who 
were present when the tsunami arrived in 
Minami Sanriku. The survivors were 
hanging on to the antennas. Now many 
people visit this  building to commemorate 

this  incident. The majority of the tsunami-
affected area has  been cleared up, 
although demolition and debris removal 
work was still going on at the time of the 
visit on 8th October 2012 (Figure 35). 

Figure 34a (top, 2nd June 2011 (EEFIT, 
2011)) and 34b (bottom, 8th October 
2012): The Minami Sanriku disaster 
management headquarters building.

MINAMI	  SANRIKU

http://www.town.minamisanriku.miyagi.jp/
http://www.town.minamisanriku.miyagi.jp/
http://www.town.minamisanriku.miyagi.jp/
http://www.town.minamisanriku.miyagi.jp/
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Figure 35: Former town centre, photo 
taken 8th October 2012. 

The redeployment plan for the Shizugawa 
district includes land use planning and 
relocation of residential buildings to high 
grounds. Mostly, the near-shore areas are 
designated as industrial, commercial, and 
tourism zone, or a disaster memorial park. 
The residential area is assigned to land 
behind the Shizugawa Elementary School 
(about 1km inland from the coast). In 
Shizugawa, local residents  are actively 
cooperating to recreate a vibrant and 
cohesive community: Minami Sanriku Sun 
Sun shopping village has been opened, it 
is  run by local residents and serves as a 
market for local products (such as fresh 
fish and vegetable) and as a site for 
community activities. (Figure 36). 

Figure 36: Minami Sanriku Sun 
shopping village, photo taken 8th 
October 2012.

The Utatsu district, which is  smaller than 
the Shizugawa district, was heavily 
damaged by the tsunami. The maximum 
inundation height was  about 16.4m, and 
256 houses were completely destroyed 
and the nearby elevated railway was 
damaged by the tsunami (Figure 37). The 
main source of income in this  community 
was related to fishery and agriculture. In 
this  district, similar community-led recovery 
activities have been initiated: Local 
farmers have opened a new local market 
where local vegetables and products  are 
sold; a sales strategy has been adopted to 
make products ‘visible’ so that consumers 
can see producers directly, which is 
usually an effective means to make 
businesses more profitable.
  

Figure 37: Tsunami-damaged area in 
the Utatsu district: (a) foundation of the 
washed-away wooden houses and (b) 
railway piers. Photos taken 8th October 
2012.
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On 3rd October 2012, three of the UK 
delegates (Prof. Peter Sammonds, Dr. 
Katsu Goda, and Dr. Rosanna Smith) 
visited the Fukushima Daiichi Nuclear 
Power Plant (NPP), with Mr. Yuki 
Chamberlain (British Embassy) and 

several delegates from the British nuclear 
industry. Gratitude is given to the British 
Embassy staff for negotiating with Tokyo 
Electric Power Company (TEPCO) and 
arranging the visit to this facility.
 

VISIT	  TO	  FUKUSHIMA	  DAIICHI	  NUCLEAR	  
POWER	  PLANT

Figure 38: Location of the Fukushima Daiichi NPP (Source: Greenpeace, 2011).

The recovery movements in Shizugawa 
and Utatsu are quite quick in comparison 
with the situation observed in Kobe 
(Tsunehiro et al., 2003), where severe 
damage was caused by intense ground 
shaking. This can be attributed to 

accumulated community knowledge and 
experience for self-help activities after 
major earthquakes. This is  a good sign of 
increased community resilience against 
natural disasters.
 



The Fukushima Daiichi NPP is located on 
the Pacific coast of Japan, 80km south of 
Sendai (Figure 38). The March 2011 
Mw9.0 earthquake and tsunami resulted in 
a series of plant equipment failures, 
explosions, melting of nuclear fuel, and 
release of radioactive material. It was the 
most serious nuclear disaster since the 
1986 Chernobyl accident. 

A plan of the Fukushima Daiichi NPP is 
shown in Figure 39. The electricity is 
generated by steam, which is heated by 
nuclear fission at the reactor core. The 
plant has 6 nuclear boiling water reactors 
(BWRs), which were designed and built at 

different times during the 1960s and 1970s 
and thus had different seismic design 
tolerances.  At the time of the earthquake, 
Reactors 1-3 were operating, Reactor 4 
had been defueled, and Reactors  5 and 6 
were in cold shutdown. The recorded local 
shaking exceeded the design tolerance at 
Reactors 2, 3 and 5 (about 0.55g). The 
tsunami height at the Fukushima Daiichi 
NPP was 13-15m, whereas the height of 
the seawall was 5.7m. Much of the NPP is 
at 35m above mean sea level, but the 
reactors, whose positions are shown in 
Figure 39, are in a lowered section on the 
coast at 10m above mean sea level due to 
operational considerations.
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Figure 39: Site layout of Fukushima Daiichi NPP (Source: 

www.RadioactiveChat.Blogspot.com).

http://www.RadioactiveChat.Blogspot.com
http://www.RadioactiveChat.Blogspot.com
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As soon as the 11th March 2011 Mw9.0 
earthquake hit the NPP, the three active 
reactors automatically shut off their nuclear 
fission chain reactions. Despite the ground 
shaking exceeding design tolerances of 
the reactor buildings, no direct earthquake 
damage was recorded immediately after 
the event. However, due to the radiation 
exposure risks, it has not been possible to 
closely assess the integrity of the buildings 
for earthquake damage. 

One of the main causes of the nuclear 
crisis at the Fukushima Daiichi NPP was 
the loss  of power, which resulted in the 
f a i l u r e o f c o o l i n g s y s t e m s a n d 
consequently melting of excessively 
heated fuel. This physical situation was 
caused by various  failures  of the control 
facilities  and safety systems. It was not 
simply due to tsunami inundation. Three 
major physical causes for the loss of 
power at the reactor buildings were: 
(1)External power for Reactors 5 and 6 

was lost due to a local landslide of 
embankment within the plant that had 
been triggered by the earthquake; the 
landslide knocked over one of the 
electricity pylons along the 500kV 
transmission line (Figure 39, Figure 
40). As one of the emergency back-up 
diesel generators was functional at 
Reactors 5 and 6, a critical situation 
was avoided.

(2)The extra-high voltage switching station 
for Reactors 1 and 2 (see Figure 39) 
was damaged by ground shaking (it 
should be noted that this facility was 
not inundated). This led to the loss  of 
external power for Reactors 1 and 2.

(3)The tsunami inundation disabled 
emergency back-up diesel generators 
at Reactors 1 to 6 (except for one back-

up generator at Reactor 5) and an 
extra-high voltage switching station for 
Reactors  3 and 4. The back-up 
generators were located in the 
basements of the reactor buildings.

The power loss at the Fukushima Daiichi 
NPP eventually stopped all cooling 
systems; these had been running on 
emergency battery power when the 
tsunami arrived about 50 minutes after the 
earthquake occurred. This ultimately 
provided insufficient cooling to prevent 
melting of the fuel before other power 
sources could be reinstated. In the days 
that followed, the surrounding area was 
evacuated, there was a hydrogen 
explosion in the outer structure of Reactor 
1, an explosion in the building of Reactor 3 
that blew off its roof, and an explosion in 
Reactor 4 that further damaged the 
structure of Reactor 3 (Figure 41). Workers 
at the power plant and external supporters 
(e.g. fire fighters) continuously worked to 
find solutions to cool the reactors. They 
are all now in cold shutdown, but there 
remains a 40-year long process ahead to 
remove all the fuel from the reactors and 
fully decommission the facility.

Figure 40: Collapsed electricity pylon 
for Reactors 5 and 6 due to landslide 
(Source: http://blogos.com/article/
45419/, in Japanese). 

http://blogos.com/article/45419/
http://blogos.com/article/45419/
http://blogos.com/article/45419/
http://blogos.com/article/45419/
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Figure 41: Remnants of Reactor 3 
building damaged by the 14th March 
2011 hydrogen explosions at Reactors 3 
and 4 (Source: TEPCO).

The current challenges for workers at the 
Fukushima Daiichi NPP are to manage the 
decommissioning operations safely and to 
process contaminated coolants by 
removing radionuclides. At this point in 
time, removal of all radionuclides  is not 
possible and thus contaminated coolants 
need to be stored in storage tanks for 
further treatment (Figure 42). A new facility 
for an advanced liquid processing system 
is  under construction inside the plant. It is 
noteworthy that the operations  of the post-
crisis  activities at the plant involve 
enormous efforts of managing workers and 
local residents in terms of their health 
conditions, logistics, decontamination, and 
compensation. An example of this is daily 
transferring 3,000 workers back and forth 
from the J-village (a former national 
football training centre outside of the initial 
20km evacuation zone). A full report of the 
Fukushima nuclear accident can be found 
at: http://www.world-nuclear.org/info/
fukushima_ accident_inf 129.html.

In the initial months after the disaster, it 
was too dangerous for anyone other than 
essential workers to visit the Fukushima 
Daiichi NPP. However, by autumn 2012, 

the radiation levels  were sufficiently low 
that site visits by relevant investigators, 
officials, and members of the nuclear 
industry are permitted. At the time of the 
October 2012 visit, vehicles and other 
debris  that were thrown into buildings  by 
the tsunami had all been left in situ, since it 
was considered not worth exposing 
workers to radiation to tidy up the 
appearance of the site (Figure 43).

The visit to the Fukushima Daiichi NPP 
involved an introduction to the site and the 
disaster at the J-village, a tour of the new 
seismic isolated building including the 
operation headquarters and control room, 
and a whole site minibus tour. Throughout 
the visit all visitors wore Geiger counters  to 
measure the radiation doses received. For 
the full visit, this  came to 30µSieverts(Sv). 
F o r r e f e r e n c e , t h e d o s e f r o m a 
transatlantic flight is  70µSv, from a dental 
X-ray is  50µSv, and a typical daily dose in 
Cornwall is 20µSv. However, 10µSv of this 
dose was received in 20 seconds as the 
minibus drove past Reactor 3, the only 
reactor where the fuel was still molten. 

F i g u r e 4 2 : S t o r a g e t a n k s o f 
contaminated coolants (1000 ton 
capacity); more tanks are continuously 
being constructed until the advanced 
liquid processing system is ready 
(Source: http://blogos.com/article/
45419/, in Japanese).

http://www.world-nuclear.org/info/fukushima_accident_inf129.html
http://www.world-nuclear.org/info/fukushima_accident_inf129.html
http://www.world-nuclear.org/info/fukushima_accident_inf129.html
http://www.world-nuclear.org/info/fukushima_accident_inf129.html
http://blogos.com/article/45419/
http://blogos.com/article/45419/
http://blogos.com/article/45419/
http://blogos.com/article/45419/


26

Figure 43: Tsunami debris left in situ at 
the reactor buildings (Source: TEPCO). 

The original control rooms for the reactors 
are not accessible and operational due to 
high levels of radiation; the control centre 
was therefore moved to the seismic 
isolated building, which was prepared as 
an emergency headquarters in a NPP site. 
This  building was only completed in March 
2010. As  the name indicates, the two-
storey building is base-isolated by 
laminated and natural rubber bearings, 
sliding bearings, and oil dampers (Hijikata 
et al., 2012). The performance of this 
building during the 2011 earthquake was 
successful. Ground motions experienced 
were significantly less than those at the 
ground surface, particularly in the short-
period range (i.e. dominant vibration period 
of the base isolated building was shifted to 
a longer period). It is a radioactive-free 
environment inside the isolated building.  
During the visit to the control centre 
(Figure 44), it was interesting to learn that, 
prior to the disaster, monitoring data was 
collected manually from the reactors with 
workers collecting data from the separate 
buildings every 3 hours. Several months 
after the disaster, a new system was put in 
place to remotely transmit monitoring data 
from the reactors to the control centre. 
Whilst it is  understandable that some old 
control systems are often used long after 

new technology has superseded them, due 
to the risks associated with the transition, it 
is surprising that additional modern 
systems for remote safety monitoring were 
not implemented sooner.

Critical infrastructures, such as nuclear 
power plants, are very complex systems. 
Many layers of safety measures and 
precautions  are implemented because 
consequences due to its potential failure 
can be extremely severe. Nevertheless, as 
we have witnessed, for very rare cases, 
such measures may not eliminate the 
occurrence of catastrophic events 
completely. In particular, the importance of 
taking into account low probability multi-
hazard events (severe ground shaking, 
landsl ide, and tsunami) has been 
highlighted. The lessons  we can learn from 
this  crisis at the Fukushima Daiichi NPP 
are applicable to other critical facilities 
around the world. A critical appraisal of our 
philosophy in managing natural and 
anthropogenic disasters  is needed to 
enhance resilience of critical infrastructure 
against such catastrophic events.

Figure 44: Delegates from the UK 
nuclear industry and natural disaster 
research field in the control room of the 
Fukushima Daiichi NPP, which is now 
inside the seismic isolated building. 
Photo taken 3rd October 2012 (TEPCO).
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The UCL-IRDR delegation members  (Prof. 
Peter Sammonds (Member of the EEFIT 
Mission to Japan in May-June 2011), Dr. 
Joanna Faure Walker and Dr. Rosanna 
Smith) visited Taro and Kamaishi along the 
coast of Iwate Prefecture on 2nd October 
2012 with the aim of assessing the 
recovery since the EEFIT team visited in 
May 2011. Dr. Katsu Goda (Member of the 
EEFIT Mission to Japan in May-June 2011) 
visited Rikuzentakata on 8th October 
2012.

Figure 45: Iwate Prefecture Map 
(Source: Google Maps). The cities and 
t o w n s o f Ta r o , K a m a i s i h i a n d 
Rikuzentakata have been highlighted. 
The grey dashed line shows Iwate 
Prefecture border.

20/12/2012 11:34Fukushima Prefecture, Japan - Google Maps

Page 1 of 1http://maps.google.com/

Imagery ©2012 TerraMetrics, Map data ©2012 Google, ZENRIN -

To see all the details that are visible on the
screen, use the "Print" link next to the map.VISITS	  TO	  TOWNS	  IN	  IWATE	  PREFECTURE

Taro is a small town located approximately 
at the midpoint along the eastern coast of 
Iwate Prefecture. It had a population of 
about 4,500 prior to the March 2011 
earthquake and tsunami. Fishery (e.g. 
aquaculture of sea weeds and oysters) is 
the main industry for Taro. In 2005, the 
town merged into Miyako City for 
administration purposes. The town was 
decimated by three historical tsunami in 
1611, 1896, and 1933. In 1933, following 
rejections from the Ministry of Land and 
Ministry of Fisheries  to build tsunami 
defences and residents’ refusal to move to 

higher grounds, the local population (with 
later help from the ministries) paid for the 
construction of concrete sea walls to 
protect them against future tsunami 
(EEFIT, 2011). The structure stood at 
10.7m above mean sea level and 
continued for 1.35km (Smits, 2011). In the 
1960s and 1970s, following the successful 
protection of Taro from the 1960 Chile 
tsunami, the inner wall was reinforced and 
an outer wall was constructed to protect 
development outside of the original wall 
(EEFIT, 2011, NY Times, 2011a). Taro was 
renowned for its tsunami defence. 

TARO

 Taro

Kamaishi

50km

Rikuzentakata

http://www.travel-around-japan.com
http://www.travel-around-japan.com
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Figure 46: Tsunami inundation map of 
Taro (Source: Geospatial Information 
Authority of Japan, 2011). 

Figure 47: Taro’s main district inside 
the inner sea wall; there were houses at 
the foot of the wall, which were swept 
away by the tsunami. Photo taken 2nd 
October 2012. 

However, the March 2011 tsunami 
overtopped the sea walls; it broke through 
the outer wall and flowed over the inner 
wall resulting in inundation of the main 
district (Figure 46). The collapsed outer 
wall is planned to be reconstructed with a 
higher crest (14.7m above mean sea 
level). The inundation heights were 
between 7.1m and 14.7m. Within the Taro 
district, 1,609 buildings were destroyed 
(Kuroda, 2011; see Figure 47). Annual 
evacuation drills appear to have helped 
improve the survival rate of those living in 
the affected area: Approximately 200 of the 

2,400 people living within the inundation 
zone were killed, this was significantly less 
than 1,867 (83% population) in 1896 and 
911 (32% population) in 1933 (Onishi and 
Ishiwatari, 2012). Some residents escaped 
to higher grounds; however, some 
residents were killed as  they stood on the 
seawal l watch ing as the tsunami 
approached the town (NY Times, 2011a). 

As of October 2012, most of the rubble in 
Taro had been cleared away. One tsunami-
damaged building that stands at the 
original location is the Taro Tourist Hotel 
(Figure 48). Currently, this  building is used 
as one o f the ‘ t sunami -d i sas te r ’ 
sightseeing spots. The owner of this hotel, 
Mr. Matsumoto, actively volunteers to 
share his experience during the 2011 
tsunami by showing his private video of the 
incoming tsunami from the sixth floor to 
visitors and provides vivid accounts of the 
tsunami disaster. He mentioned that the 
existence of high and massive concrete 
walls  might have provided a false sense of 
safety to residents in Taro and might have 
prevented evacuees from realising the 
urgent situation. One of his elder 
neighbours  lost her life because she 
returned to her home to collect her 
belongings. Mr. Matsumoto shouted at her 
to evacuate immediately from the top floor 
of the hotel. However, the lady was unable 
to notice the urgent situation and danger 
approaching her due to the invisibility of 
the incoming tsunami, obstructed by the 
outer sea wall. 

R e c o v e r y f r o m t h e t s u n a m i h a s 
progressed slowly but steadily. Although 
reconstruction of houses and buildings has 
not started yet in districts  where severe 
tsunami damage occurred, fishery in Taro 
has been resumed. 

1km
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Figure 48: (a) Photo of the Taro Tourist Hotel and (b) View of the fishery port from 
the sixth floor of the hotel. Photos taken 2nd October 2012.

      
Figure 49: (a) 31st May 2011 (EEFIT, 2011) and (b) 2nd October 2012: Fish market 
was restored.

       
Figure 50: (a) 31st May 2011 (EEFIT, 2011) and (b) 2nd October 2012: Damaged ice 
manufacturing facility was restored.

The Taro fishery union building has been 
restored and is currently functional (a 3-
storey high building at the foot of the inner 
sea wall in Figure 47). A new fish market 
building has  been constructed (Figure 49) 
and small processing places for cultivated 

sea weeds as well as an ice manufacturing 
facility, which was severely damaged 
during the tsunami, are now in operation 
(F igu re 50 ) . Peop le i n Ta ro a re 
redeveloping their livelihood.
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KAMAISHI

Kamaishi is situated along the southeast 
coast of Iwate Prefecture. The town itself is 
centred on a small area of flat land 
provided by the river basins and mouths of 
two r i vers and is sur rounded by 
mountainous terrain that mostly reaches 
the coast. Historically, Kamaishi was a 
small fishing village, but expansion related 
to the early blast furnaces built in the 
1850s as part of the Japanese armaments 
modernisation, led to the founding of the 
city in 1937 and expansion in 1955 when 
four villages combined to form modern 
Kamaishi City (Kamaishi webpage: https://
www.city.kamaishi.iwate.jp/index.cfm/8,0, 
76,425,html). The city’s population was at 
its peak of 90,000 during the 1960s, but 
has been declining and ageing since. The 
city’s population today is  approximately 
40,000 and the main industries are steel 
production and fishing, which both make 
use of the natural harbour.

Prior to the March 2011 tsunami, Kamaishi 
experienced heavy damage three times: 
The 1896 Meiji-Sanriku tsunami; the 1933 
Showa-Sanriku tsunami; and the 1945 
bombardmen t f rom two warsh ips  
(Kamaishi webpage: www.city.kamaishi. 
iwate.jp). The March 2011 tsunami killed 
935 people in Kamaishi (NY Times, 
2011b), about 8% of the population living 
in the inundation zone (Figure 51, 
Geospatial Information Authority of Japan), 
this contained about one third of 
Kamaishi’s residential population prior to 
the tsunami. Up to 9,883 evacuees used 
88 evacuation centres (all closed by 10th 
August 2011) and 3,164 temporary houses 
were built (Noda, 2011).

Before the March 2011 tsunami, Kamaishi 
hosted the world’s deepest breakwater; it 
took almost 30 years  to build and cost US
$1.6billion (NY Times, 2011b). During the 
March 2011 tsunami, the northern 
breakwater was  overturned and the 
southern breakwater was left inclined as 
they were not designed to protect against 
such a high tsunami; they were designed 
for tsunami heights of 5-6m, as estimated 
to be typical of the 1896 tsunami (EEFIT, 
2011). Plans  to rebuild the seawall defence 
system estimate a cost in excess of US
$650million (NY Times, 2011b).

浸水範囲概況図　⑦
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Figure 51: Tsunami inundation map of 
K a m a i s h i ( S o u r c e : G e o s p a t i a l 
Information Authority of Japan, 2011).

A survey was carried out on 2nd October 
2012 to access the recovery progress 
since the damage survey carried out by 
EEFIT on 31st May 2011. It appeared that 
almost all D4 (see Table 1 for explanation) 
buildings had been demolished and 
removed, while some D3 (see Table 1 for 
explanation) buildings were still present. 
There are ongoing discussions regarding 
how to reconstruct the city, with one idea 
being to restrict residential buildings to the 
higher terrain.

1km

https://www
https://www
https://www
https://www
http://www.city.kamaishi.iwate.jp
http://www.city.kamaishi.iwate.jp
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Figures 52 and 53 show a comparison of 
selected building states  on 31st May 2011 
(EEFIT, 2011) and 2nd October 2012 

along a survey line on a 1km road 140m - 
1100m from the harbour.

Damage 
Level Description

D0         
None

No visible structural damage to the structure observed during the survey. Immediate 
occupancy.

D1         
Light 

Damage
Flood damage to contents. Some non-structural (fittings, windows) damage. Damage 

is minor and repairable. Suitable for immediate occupancy.

D2 
Moderate 
Damage

Out-of-plane failure or collapse of parts of or whole sections of infill walls and 
windows at ground story. Repairable damage from debris impact to structural 

members. No structural member failure. Scouring at corners of the structures leaving 
foundations partly exposed but repairable by backfilling. Unsuitable for immediate 

occupancy but suitable after light repair.

D3     
Heavy 

Damage

The structure stands but is severely damaged. Infill panels above the first story have 
been damaged or have failed. Structural and non-structural members have been 
damaged. Failure of a few structural members which are not critical to structure 

stability. Roofs are damaged and have to be totally replaced or repaired. Structure 
requires extensive repair and hence is unsuitable for immediate occupancy.

D4 
Collapse

Partial or total collapse of the building. Collapse of large sections of foundations and 
structures due to heavy scouring. Excessive foundation settlement and tilting 

beyond repair. Damage to the structure cannot be repaired after the tsunami and 
must be demolished.

Table 1 (EEFIT (2011) Table 7.1): EEFIT tsunami damage scale for structural damage 
for low (Category D) and mid-rise (Category E) RC infill frames. 

Figure 52 (EEFIT (2011), Figure 7.6): Damage survey in Kamaishi City. Construction 
type indicated by shape: Diamonds = timber frame construction; Squares = RC; 
Circles = steel frame. Damage level indicated by colour: Blue = D0, Green = D1, 
Yellow = D2, Orange = D3, Red = D4. The collapsed section of Nippon Steel Factory 
building (red polygon) is also shown. Locations of the example buildings listed in 
Figure 7.6 EEFIT (2011) and Figure 53 (this report) are marked.



Figure 53a-h: Example buildings from damage survey, locations shown in Figure 52. 
Photos from 31st May 2011 are reproduced from Figure 7.6 EEFIT (2011); (sites (a) 
and (g) are shown first as these buildings were removed prior to the 2nd October 
2012 visit and thus only photos from 31st May 2011 are provided).
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Figures 53b.i (left, 31st May 2011) and 53b.ii (right, 2nd October 2012): Steel frame, 
D1, 4m inundation; temporary structure at front and broken windows were removed 
before the 2nd October 2012 visit. UTM: 54S 0576076, 4347544

          

Figure 53a (31st May 2011): Timber 
frame structure, damage D1, 3m 
inundation; building was removed 
before the 2nd October 2012 visit.

         

Figure 53g (31st May 2011): Timber 
frame, D4, 7m inundation; building was 
removed before the 2nd October 2012 
visit.
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Figures 53c.i (left, 31st May 2011) and 53c.ii (right, 2nd October 2012): Steel frame, 
D2, 7m inundation; building was removed before the 2nd October 2012 visit. UTM: 
54S 0576357, 4347523

  

Figures 53d.i (left, 31st May 2011) and 53d.ii (right, 2nd October 2012): RC shear 
wall, D2, 5m inundation; building was removed before the 2nd October 2012 visit. 
UTM: 54S 0576414, 4347576

  

Figures 53e.i (left, 31st May 2011) and 53e.ii (right, 2nd October 2012): Steel frame, 
D3, 6m inundation. UTM: 54S 0576357, 4347523



     
Figures 53f.i (left, 31st May 2011) and 53f.ii (right, 2nd October 2012): Timber fame, 
D3, 3m inundation; building was removed before the 2nd October 2012 visit. UTM: 
54S 0575720, 4347417

     
Figures 53h.i (left, 31st May 2011) and 53h.ii (right, 2nd October 2012): Timber fame, 
D4, 7m inundation; building was removed before the October 2012 visit. UTM: 54S 
0576361, 4347592
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Figure 54 (2nd October 2012): Nippon 
Steel Works functioning. UTM: 54S 
0575563, 4347248.

By the 2nd October 2012 visit to Kamaishi, 

the Nippon Steel Factory building had 
been repaired and smoke from its furnaces 
showed it was functional (Figures 54 and 
55). A number of buildings in Kamaishi 
have been removed by the tsunami and 
subsequent city clear up operation; on 2nd 
Oc tobe r 2012 , t he re we re many 
foundations, and in several cases ground 
floor flooring, still remaining (Figure 56). 
Most of the debris has been removed from 
the city to a nearby collection point; 
however, this has not been done for all 
buildings; for example, some buildings still 
have broken glass in their window frames.
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Figures 55a.i (top left, 31st May 2011) 55a.ii (top right, 2nd October 2012) and 55b.i 
(bottom left, 31st May 2011) 55b.ii (bottom right, 2nd October 2012): Nippon Steel 
Works repairs. UTM: 54S 0576281, 4347493

  

Figure 56 (2nd October 2012): Inner flooring of absent buildings still present for two 
buildings (assumed to have been residential). UTM: 54S 0575877, 4347452
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RIKUZENTAKATA

Rikuzentakata is located on one of the 
largest plains along the rias coastline of 
Iwate Prefecture. Its  population prior to the 
2011 earthquake and tsunami was 23,300; 
about 34.9% of the population was aged 
over 65 years (2010 census). The urban 
area of Rikuzentakata was completely 
devastated by the tsunami. The total 
number of fatalities reached 1,749 
including the missing (Rikuzentakata 
webpage: http://www.city.rikuzentakata. 
iwate.jp/). The maximum inundation depth 
was 17.6m. The building damage was 
s ign i f i can t : 3 ,159 bu i ld ings were 
destroyed. The city hall was submerged 
under water up to the third (top) floor and 
became unusable. More than 70% of the 
houses in the inundation area were 
damaged. Var ious in f rast ructures, 
including railways and four out of five 
stations within the city, were disabled. 
Currently, the centre of livelihood has been 
moved to h igher g rounds, where 
temporary houses are constructed. 

Figure 57: Photo of a tsunami-damaged 
building, submerged in water. The 
location was subsided by about 
0.5-0.8m. The tidal level was high at the 
time of the visit. Photo taken 8th 
October 2012.

As of October 2012, the majority of the 
tsunami debris has been cleared up, 
except for several buildings near the 
coastline. A tsunami damaged building, 
which is currently submerged in water, 
vividly conveys how destructiveness the 
tsunami attack in Rikuzentakata was 
(Figure 57). Along the coastal line, gabion 
rock revetments have been constructed to 
provide temporary storm surge protection 
(Figure 58). Two of the left apartment 
buildings (about 500m from the shore) 
demonstrate the sheltering effects (note: 
longitudinal side of the apartments runs 
parallel to the coastline); the apartment 
beh ind the seas ide one su f fe red 
significantly less tsunami damage in 
comparison with the front building (Figure 
59). At Takata High School 18 students 
and 1 member of teaching staff, were 
killed. 

A draft recovery and redevelopment plan 
for Rikuzentakata has been prepared and 
presented to the residents. The key 
underpinning concept is to create a new 
urban area, comprising of residential 
houses, commercial buildings, and public 
community facilities, outside of the 
inundation area. A land planning restriction 
and relocation incentive will be used. The 
master plan also designates the low-lying 
inundation area as  Takata Matsubara 
Disaster-Prevention Memorial Park and for 
industrial and agricultural use. The near-
coast area acts as a natural tsunami buffer 
zone. Part of the new urban area and the 
tsunami buffer zone will be raised to 
reduce the inundation risk.

http://www.city.rikuzentakata.iwate.jp/
http://www.city.rikuzentakata.iwate.jp/
http://www.city.rikuzentakata.iwate.jp/
http://www.city.rikuzentakata.iwate.jp/
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Figure 58: New gabion rock revetments 
providing temporary storm surge 
protect ion a long Rikuzentakata 
coastline. Photo taken 8th October 
2012.

Figure 59: Two apartment buildings 
near the coast (about 500m from the 
s h o r e l i n e ) , d e m o n s t r a t i n g t h e 
sheltering effect. Photo taken 8th 
October 2012.

PSYCHOLOGICAL	  IMPACTS
Japan is a country that suffers a range of 
natural disasters including earthquakes, 
tsunami, volcanic eruptions, typhoons and 
flooding. There is  therefore an acceptance 
of the need for planning in disaster 
mitigation and response. Traditionally this 
focuses on physical infrastructure, 
economic rebuilding and physical safety; 
however, the implications for the mental 
health of the population and the need for 
resources to help reduce these impacts 
are increasingly becoming recognised.

A couple of specific examples that 
demonstrate the vulnerability to physical 
factors can be enhanced by psychological 
factors include displacement from homes 
and suicide:                 
(1) Some areas have experienced 
permanent evacuation, this can be due to 
insufficient housing, but can also be 
caused by people feeling too vulnerable to 
r e t u r n t o t h e i r p r e v i o u s h o m e s .                 
(2) The death toll from the disaster is 
mainly due to those who lost their lives 
directly from the tsunami. However, the 

death toll may have been increased due to 
suicides; according to the cabinet office, 
during May 2011 there was a 20% 
increase in suicides nationally compared to 
May 2010 (Reuters, 2012) and it has also 
been suggested that Miyagi Prefecture 
experienced a 39% increase in suicide rate 
following the event (CATDAT, 2011).  It 
should be noted that Japan has one of the 
highest suicide rates in the world: The 
number of suicides per year in Japan was 
greater than 30,000 for the last thirteen 
years, reaching nearly 26 per 100,000 
people in 2009 (compare with 9 and 11 per 
100,000 people in the UK and USA 
respectively) (Chambers, 2010). 

In the most severely affected areas, the 
reconstruction phase will likely continue for 
several years; the psychological recovery 
time for individuals  to return to optimum 
health and communities to regain their 
confidence is  therefore extended. Hence, 
at least a decade of additional resources 
from mental health services  will likely be 
needed (Japanese Red Cross, 2011).
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The psychological dimension includes the 
internal emotional and thought processes, 
feelings and reactions. The social 
dimension includes relationships, family 
and community networks, social values 
and cultural practices. Psychosocial 
support encompasses the actions that 
address both the psychological and social 
needs of individuals. The provision of 
psychosocial support ensures  reduction of 
distress, associated disabi l i ty and 
facilitates psychosocial well-being. 

The Inter-Agency Standing Committee’s 
(IASC) Mental Health and Psychosocial 
Support (MHPSS) guidelines recommend 
making psychological support available to 
survivors of extreme stressors (IASC, 
2007). These guidelines also outline the 
basic features of Psychological First Aid 
(PFA), the World Health Organisation’s 
recommended model for delivering 
psychosocial support for survivors in the 
immediate aftermath of a disaster in order 
to promote psychological healing. This is 
an evidence supported model that can be 
disseminated through training local 
trainers, who then go on to train disaster 
responders to integrate this approach into 
their interactions with survivors. It is 
noteworthy that evidence suggests those 
offering assistance have an increased 
vulnerability to later developing mental 
hea l t h p rob lems . Hence , PFA i s 
recommended for disaster intervention 
workers as well as for the disaster 
survivors. “Psychological First Aid is 
designed to reduce the initial distress 
caused by traumatic events, and to foster 
s h o r t - a n d l o n g - t e r m a d a p t i v e 
functioning” (Medical Reserve Corps, 
National Child Traumatic Stress Network 
and National Center for PTSD, 2005).

PFA identifies several key techniques for 
helping disaster survivors: (1) Protecting 
them from further harm; (2) Providing 
opportunities  for survivors to talk; (3) 
L is ten ing carefu l ly, pat ient ly, and 
conveying genuine compassion; (4) 
Identifying and providing basic needs; (5) 
Encourag ing pos i t i ve cop ing and 
participation in daily routine activities; and  
(6) Facilitating local support mechanisms. 

On completing the training, workers should 
know how to deliver PFA, engage with 
survivors, address safety, comfort and 
stabilisation, gather information from 
survivors, provide practical assistance, use 
social supports, and promote self-care to 
prevent secondary trauma for the care 
providers. Workers trained in providing 
PFA are advised to make mental health 
referrals when they identify individuals with 
specific vulnerabilities or who experience 
levels  of distress outside their level of 
competence and receive supervision from 
a mental health professional.

Going beyond PFA, Psychosocial Support 
Services (PSS) are “any type of local or 
outside support that aims to protect or 
promote psychosocial well-being and/or 
prevent or treat mental disorder” (IASC, 
2007). Guidelines for Mental Health and 
Psychosocial Support in Emergency 
Settings suggest four methods of delivery 
(1) Community mobilisation and support; 
(2) Health services; (3) Education; and (4) 
Dissemination of information. 

Community mobilisation focuses on 
developing community participatory 
processes of recovery, developing self-
help among the survivors, resilience-
bu i ld ing ac t i v i t ies , and cu l tu ra l l y 
appropriate healing practice methods. 
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Approaches within the health services 
emphasise integrating mental health 
support into the general health care 
system by multiple layers of training of 
h e a l t h p r o f e s s i o n a l s , f a c i l i t a t i n g 
specialised care for the mentally ill, 
collaborating with local mental health 
resources, and reducing the harmful use of 
alcohol and substance use. Japan has  a 
developed health care system, which is 
ranked within the top ten worldwide (WHO, 
2000). However health care and support 
for the disaster survivors is  not a focus; it 
is therefore unlikely that the clinical 
infrastructure would be sufficient to deal 
with the emotional needs of the survivors.

Safe and supportive education should be 
promoted. Providing the right information 
at the right time is important because a 
lack of actual information causes stress 
and worry for survivors. Further to this, 
g i v i n g p r a c t i c a l a n d a p p r o p r i a t e 
information can ensure actual use of 
resources as well as providing knowledge 
to the survivors about their future. 

The World Health Organisation suggests 
that PSS will be needed to help reduce the 
incidents of long-term mental disorder and 
distress; Japanese people wi l l be 
particularly susceptible to these problems 
due to the anxiety surrounding the the 
nuclear disaster and the coupled high 
number of missing bodies and cultural 
importance of and attachment to remains 
of loved ones (WHO, 2011). 

As an immediate response to the 2011 
earthquake and tsunami, Japan asked for 
aid from the USA, Australia, New Zealand 
and South Korea. A week after the 
disaster, 128 countries and 33 international 
non-governmental organisations had 

offered support. International relief 
organisations worked immediately to 
restore communication and provide 
medical supplies and hot meals to people 
living in evacuation centres. 

Among the responders  were the Japanese 
Red Cross Society (JRCS) and the 
International Medical Corps. JRCS has 
been developing its  PSS resources: 380 
accredited trainers (most of whom are 
nurses), 9,154 medical relief personnel 
(from JRCS hospitals); and 3,396 trained 
volunteers. Over the first year following the 
earthquake, the JRCS dispatched 896 
medical teams attending to 87,445 
survivors throughout Eastern Japan, with 
most teams visiting the most severely 
affected prefectures: Miyagi, Iwate, and 
Fukushima; these prefectures also 
r e c e i v e d 7 1 8 t e a m s p r o v i d i n g 
psycho log i ca l suppo r t t o 14 ,039 
beneficiaries (Japan Red Cross Society, 
2012). The JRCS suggested the following 
reasons for not reaching more people 
through their Psychosocial Programme: (1) 
Difficulties in reaching people that were not 
residing in evacuation centres; (2) The 
unusually high number of elderly people 
amongst the survivors called for special 
programming; (3) The reluctance of some 
prospective clients to accept support – in 
part a reflection of the prevailing local 
culture; (4) The complexity of this disaster 
– the earthquake, tsunami and nuclear 
accident; (5) Many of the first responders, 
emergency services and municipal staff, 
were also victims of the disaster; (6) The 
sheer scale of the disaster - the number of 
individuals and communities affected; and 
(7) The uncertain and potential long term 
consequences of the nuclear accident.
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The UK-Japan Joint Workshop was held 
on 4th and 5th October 2012 at the British 
Embassy in Tokyo. The format of the 
workshop included oral presentations by 
each delegate member with discussions 
following groups of presentations on 
selected themes open to both the 
delegation and observers. On the second 
day, an open seminar was held at the 
Ambassador’s residence; the seminar 
comprised oral presentations with an 
audience question session at the end.

The workshop delegation comprised a 
mixture of UK and Japanese academics 
and industry representatives  with expertise 
including geophysics, engineering, 
financial risk, psychology and psychiatry. 
The open seminar also comprised 
government advisors. Figure 60 shows the 
workshop participants.

The following themes were discussed, the 
first four at the workshop and the final one 
was the subject of the open seminar 
(Tables 2 to 6 on pages 42 and 43 give the 
speakers and titles of the presentations for 
each theme):

(1) Evaluation of Geological Hazards
(2) Lessons Learned from Damage during 

the 2011 Great East Japan Earthquake 
and Similar Disasters 

(3) Psychological Impact
(4) Risk Management, Risk Reduction, and 

Risk Transfer
(5) Disaster Research in the UK and 

Collaboration with Japan.

Some general conclusions made from the 
workshop discussions include: 

(1) Effective disaster research requires a 
multi-hazard and multi-disciplinary 
approach.

(2) It is important that increased scientific 
knowledge gained about earthquakes 
and tsunami is shared internationally. 

(3) Lessons learned regarding best 
practice for disaster and risk reduction 
and emergency response from the 
Great East Japan Earthquake must be 
applied domestically and internationally 
to both developed and developing 
nations.

(4) Following a major disaster, it is 
important to keep a perspective about 
the relative risks from all hazards; 
fol lowing the Great East Japan 
Earthquake, disaster reduction plans in 
Japan should include, for example, 
typhoons as well as earthquakes and 
tsunami.

(5) It is important to increase societal as 
well as infrastructure resilience.

Some key questions that arose from the 
workshop include:

(1) How do we assess the risk and plan for 
very low frequency but high impact 
events in conjunction with higher 
frequency but lower impact events? 

(2) How do we communicate these 
different risks?

(3) H o w d o s c i e n t i s t s e f f e c t i v e l y 
communicate uncertainty?

(4) How do scientists encourage policy 
makers and the public to ask the right 
questions regarding uncertainty?

WORKSHOP	  AND	  SEMINAR
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The British Delegation was comprised of 
the following members:

(1) Prof. Peter Sammonds, Director, UCL 
Institute for Risk and Disaster 
Reduction

(2) Dr. Rosanna Smith, Deputy Director, 
UCL Institute for Risk and Disaster 
Reduction

(3) Dr. Joanna Faure Walker, Lecturer, 
UCL Institute for Risk and Disaster 
Reduction

(4) Mr. Antonios Pomonis, Director, 
Cambridge Architectural Research 
Limited 

(5) Mr. Dickie Whitaker, Director, Financial 
Services Knowledge Transfer Network

(6) Dr. Katsu Goda, Lecturer, University of 
Bristol

(7) Mrs. Barbara Monk-Steel, Senior 
Lecturer, De Montfort University

The Japanese Delegation was comprised 
of the following members:

(1) Prof. Toru Matsuzawa, Tohoku 
University

(2) Prof. Hiroaki Yamanaka, Tokyo Institute 
of Technology

(3) Prof. Hiroshi Takebayashi, Kyoto 
University

(4) Prof. Masato Motosaka, Tohoku 
University

(5) Prof. Atsushi Tanaka, University of 
Tokyo

(6) Prof. Kimirou Meguro, University of 
Tokyo

(7) Prof. Hiroaki Tomita, Tohoku University
(8) Prof. Satoru Masuda, Tohoku 

University
(9) Dr. Toshihiro Yamada, OYO RMS

In the discussions following the workshop, 
possible avenues for future research  
collaborations and potential future student 
workshops were discussed. The British 
Embassy is keen to support such 
collaborations.

A few examples of possible research 
themes that could follow the Great East 
Japan Earthquake include:

(1) What is the impact of fatigue and failure 
and of cumulative damage done over 
time from vibrations during the main-
shock and aftershocks?

(2) What is  the psychological impact of 
aftershocks?

(3) Regarding psychological first aid, can 
we generate more evidence to turn 
‘evidence-informed’ techniques into 
‘evidence-based’ techniques? Figure 60: Workshop participants at the 

British Embassy in Tokyo.

WORKSHOP	  AND	  SEMINAR	  SPEAKERS
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Table 2: Evaluation of Geological Hazards (Workshop session)Table 2: Evaluation of Geological Hazards (Workshop session)

Name Presentation Title

Prof. Toru Matsuzawa Impact of 2011 Tohoku Earthquake and Tsunami Hazards

Prof. Peter Sammonds Mega-earthquakes

Prof. Hiroaki Yamanaka Geological Structure Evaluation Technology in Japan and 
Lessons from Tohoku Earthquake

Dr. Joanna Faure Walker Earthquake hazard assessment from fault slip

Dr. Rosanna Smith Assessing Volcanic Risk

Prof. Hiroshi Takebayashi Flow characteristics of Mountain Tsunami caused by slope 
failure

Table 3: Lessons Learned from Damage during the 2011 Great East Japan 
Earthquake and similar disasters (Workshop session)
Table 3: Lessons Learned from Damage during the 2011 Great East Japan 
Earthquake and similar disasters (Workshop session)

Name Presentation Title

Dr. Katsu Goda Earthquake resilience: reducing the impact of mega 
earthquakes on physical infrastructure

Mr. Antonis Pomonis Assessing and minimising the damage caused by tsunami - 
learning from previous disasters to improve future resilience

Prof. Masato Motosaka Lessons from 2011 Tohoku Earthquake focused on Ground 
Motion and Building Damage

Prof. Atsushi Tanaka Lessons from the 2011 Tohoku Earthquake on Emergency 
Response and Disaster Prevention Education

Prof. Kimirou Meguro Impact of Tohoku Earthquake and Message for Future 
Disaster prevention

PRESENTATIONS

The presentations at the Ambassadors’ 
reception were given by members of the 
British Delegation and the following 
speakers:

(1) Prof. Masuo Aizawa, Executive 
Member, Council for Science & 
Technology Policy, Cabinet Office

(2) Sir John Sulston, Chairman of 
Institute for Science Ethics and 
Innovation

(3) Prof. Fumihiko Imamura, Director of 
the Tohoku Disaster Control Research 
Center 

(4) Sir John Beddington, UK Chief 
Scientific Advisor



Table 4: Psychological Impact (Workshop session)Table 4: Psychological Impact (Workshop session)

Name Presentation Title

Mrs. Barbara Monk-Steel The psychological impact of natural disasters: developing 
and supporting resilience

Prof. Hiroaki Tomita Psychological Impact Learned from the 2011 Tohoku 
Earthquake

Table 5: Risk Management-Risk reduction and Risk Transfer (Workshop session)Table 5: Risk Management-Risk reduction and Risk Transfer (Workshop session)

Name Presentation Title

Prof. Satoru Masuda Lessons from Tohoku Earthquake on Risk Management 
and Risk Communication

Dr. Toshihiro Yamada Impact of the 2011 Tohoku Earthquake to companies and 
Risk Finance

Mr. Dickie Whitaker Financial impacts of natural disasters: financial risk 
reduction and risk transfer

Table 6: Disaster Research in the UK and Collaboration with Japan (Open Seminar 
at Ambassador’s Residence,)
Table 6: Disaster Research in the UK and Collaboration with Japan (Open Seminar 
at Ambassador’s Residence,)

Name Presentation Title

Prof. Masuo Aizawa Improving Disaster Anticipation and Resilience

Sir John Sulston Resilience of People and the Planet

Prof. Peter Sammonds Overview of UK Research in Disaster Science

Prof. Fumihiko Imamura Damage due to the tsunami of the 2011 Tohoku Earthquake

Mr. Antonios Pomonis EEFIT Mission to Japan after the Tohoku Earthquake: Key 
Findings and Lessons

Mrs. Barbara Monk-Steel The significance of Resilience in recovery

Mr. Dickie Whitaker Mitigation of Natural Disasters - The need for integration of 
Research, Finance, and Government

Sir John Beddington Disaster Anticipation and Response: The COntinuing 
Challenges of the Early 21st Century

43
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