
 

 

Field Work and Observations from Japan, Five Months after the M9.0 Tohoku Earthquake and 

Tsunami of March 11, 2011 

Travel Blog by Rick Wilson, Senior Engineering Geologist with the California Geological Survey 

Email:  Rick.Wilson@conservation.ca.gov 

This “travel blog” was created during a recent trip to the Tohoku region of Japan where I was part of a 

field team organized and funded by the U.S. Geological Survey.  This blog has been tailored to both 

scientists and the general public to give a “first person” view of post-tsunami Japan almost six months 

after the March 11 event.  The comments and views expressed are my own and should not be attributed 

to the USGS or the California Geological Survey. 

 

August 21, 2011 – Travel Day to Sendai, Japan 

This was my first trip to Japan.  Though I was tired after 24 hours of travel, having to fly from Hawaii 

(where I was on vacation) to Los Angeles (where I endured a 6 hour layover) and then to Narita Airport, I 

could not sleep…leaving me to think about tsunamis and what I will see in Japan. 

The thought occurred to me that my plane was traveling at the same speed as a tsunami, which travels 

about 500 miles per hour in the open ocean.  Although a tsunami doesn’t have to endure bad in-flight 

food or cramped seating conditions (I’m a big guy), it does get the attention of all coastlines around the 

Pacific after it has been generated.  I remembered my last sleepless nights were on March 10-11, 

watching the horrific videos of the tsunami devastating northern Japan’s coastline, while everyone on 

the West Coast of the U.S. anticipating the first tsunami to garner a significant, wide-spread Warning 

Alert level since…well, since they started giving such they gave out such alerts.  Though we lost one life 

in California and sustained over $50M in damage to two dozen ports and harbors, we didn’t receive our 

“worst-case” scenario which has the potential to cause similar destruction to parts of the state as this 

tsunami caused in Japan. 

I arrived at the Narita Airport just north of Tokyo about 3pm and took the train to Sendai, arriving at my 

hotel at about 7:30pm.  I met up with my field colleagues Bruce Jaffe (USGS) and James Goff (University 

of New South Wales, Australia).  Both gentlemen are tsunami deposit specialists;  tsunami deposits are 

used to identify how often tsunamis occur and how far they penetrate inland.  We went to a local 

(Japanese) restaurant for dinner and Bruce and James briefed me on their activities to that point, which 

included revisiting the Sendai Plain near the Sendai Airport (NOTE:  refer to the maps at the end of this 

report for locations of cities and earthquake epicenters discussed).  Bruce and the first USGS field team 

worked in that area in May, running a 5km transect line collecting detailed information about the 2011 

tsunami deposit every 50m (quick math indicates that 100 sample data points were collected!).  Bruce 

and James wanted to visit this area to again collect additional samples, dig down deeper to see if there 

were any paleotsunami (older tsunami) deposits, and observe physical changes to the March 11 deposits 

over the past 5-1/2 months.  Paleotsunami deposits are important for understanding the chronology of 

tsunamis that affected different regions of the coast.  If you can develop a better feel for the recurrence 

interval (average time between events), it provides more complete inputs into tsunami hazard 

modeling, evaluation, and mitigation activities. 



 

 

 

I was exhausted after dinner so I went to bed…my first sleep in 36 hours. 

 

  



 

 

August 22, 2011 – First trip to tsunami inundation zone 

I woke up early in anticipation of my first view of the tsunami inundation area.  After breakfast, Bruce, 

James and I met with Yuichi Nishimura from Hokkaido University, our first Japanese field colleague and 

host.  Our first stop in the field was an archeological site close to the edge of the 2011 inundation area 

4km inland from Arahama, southeast of Sendai.  The site was excavated to a shallow depth exposing a 

layer where farmers nearly 2000 year ago had cultivated rice until it is believed that a large tsunami 

inundated the area and ended farming for some time (Photo 1). 

                      
Photo 1 

 

For the tsunami scientists, the edges of the site trenched down to a depth of about a meter was of more 

interest than the flat surface exposed for the archaeologists.  The trench exposed at least one and 

possibly two tsunami deposits dating back to about 150 BC and AD 869, the latter also known as the 

Jogan event.  The 150 BC tsunami was the likely culprit that inundated the ancient farmland, ending 

farming and possibly living activities in the area for some time (as indicated by a lack of soil disturbance 

above).  The Jogan tsunami deposit is overlain intermittently by a tephra (volcanic ash) layer called the 

To-A from the Towada volcanic eruption of AD 915.  Based the four large tsunami events…the 2011 

Tohoku event, these two paleotsunami deposits, and an older tsunami deposit found in other areas 

dating back about 3000 years before, large events like these seem to occur on average every 1000 years.   

From the archaeological site, we headed southeast towards the Sendai Airport coast and the March 11 

tsunami inundation area.  On the edge of the inundation area, about 4-5km from the coast, I started 

noticing fallow fields of weeds with the occasional damaged and abandoned car still in the fields.  Within 

2-3km, there were damaged houses with dirty flood lines marking the tsunami flow depth at about 3m 



 

 

above ground level.  Within 1-2km of the coast, large chunks of debris, occasional slab foundations void 

of structures, and flood lines on trees nearly 4-5m about ground level were lasting evidence of the 

tsunami.  As we approached the last 1km to the beach, a coastal forest of what was once 10m-tall pine 

trees laid bent and broken pointing inland, evidence of the force of the tsunami surges (Photo 2).  Once 

we arrived at the beach, which was littered with debris, I can remember feeling overwhelmed by the 

thought of the destructive nature of this tsunami.  I couldn’t imagine anything standing up to that wall of 

water, which may have been grown to be in excess of 10m high as it came ashore. 

Photo 2 

 

As for the condition of the recent tsunami deposits…one of the primary purposes of the trip…it was still 

intact in many areas after nearly six months of somewhat inclement weather over the Spring and 

Summer.  Near the coast, tsunami deposits up to 50cm thick were still scattered between the horizontal 

forest of dead and dying trees.  Many of these deposits were covered by a thin layer of wind-blown 

(aeolian) sands.  Further inland, the tsunami deposits were covered by a thin algal mat in the fallow, 

water-drenched fields.  This algal mat protected the tsunami deposit from erosion.  Overall, where it 

was not disturbed by cleanup efforts, the tsunami deposit was not significantly altered from when it was 

deposited during the March 11 tsunami, a useful fact that supports the potential preservation of past 

tsunami deposits also. 

The last stop of the day was about 3km from the shore in the area of Sendai Airport.  We had been 

looking for a site where multiple tsunami deposits could be found.  We placed some push cores into the 

ground and found a site with four potential tsunami deposits within one-meter of the surface.  To get a 

good cross-sectional view of the deposits, Nishimura-san brought out a coring tool used by many 

Japanese scientists called a geoslicer.  The geoslicer looks like two shallow rain gutters that fit together.  

The first of the two geoslicer halves is pushed into the ground, and the second half is connected at the 

surface and pushed and/or hammered into the ground to collect a thin, rectangular-shaped sample.  The 

benefit of the geoslicer is that it exposes a large, flat surface of the core which makes it easier to see 

how continuous the sediment layers are.  Nishimura-san indicated that the four potential tsunami 

deposit likely represent the 2011, AD 869, the 150 BC, and unknown sand layer between the AD 869 and 

150 BC layers (Photo 3).  There were other tsunamis between these larger 1000-year events, though 

generally their deposits are thought to be more discontinuous.  The dates of the deposits will be 

confirmed by age-dating of organic debris above, below, and sometimes within the tsunami deposits. 

After samples were taken, we returned to our Sendai hotel for the evening. 
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August 23, 2011:  Observing the Destruction at Yuriage 

On this day, we were joined by Yong Wei, a tsunami modeler from the Pacific Marine Environmental 

Laboratory in Seattle.   

We set out for the port city of Yuriage, due east from Sendai.  As we approached the port, at first look it 

was difficult to tell if there had actually been a city there.  Then it became clear what had happened: the 

only evidence that Yuriage existed was hundreds of foundations devoid of structures.  The buildings and 

debris of the city were now being separated into huge piles of different material by dozens of cranes and 

trucks working along the waterfront.  A small, man-made hill within the city dedicated to a World War II 

memorial (Photo 4) was now also a location for a dozen or so memorials to the victims of the tsunami.  

The war memorial which had a tall, flat stone marker on it did not appear to be damaged by the 

tsunami, though based on reported flow depths, this was likely not a safe area where residents could 

escape.  In any case, this once thriving residential area that was laid bare was a somber sight.   

 

                 
Photo 4 

 

Nishimura-san drove us to the Sendai Airport where we walked along the same transect that Bruce and 

previous USGS/Japanese field team measured and sampled the new tsunami deposits.  While walking 

the transect, we evaluated the source for a series of round, water-filled holes that developed on the 

landward side of several field berms and elevated roads (Photo 5).  Were the holes created by 

liquefaction or tsunami scour, or both?  After digging several small trenches along the edges of the 

holes, there seemed to be evidence for both mechanisms of formation at different locations.  Initially, 



 

 

my first impression was that the holes were caused first by liquefaction and then widened by tsunami 

scour.  However, since the holes only occur on the landward side of the raised berms, this pattern 

seemed to indicate that the fast-moving tsunami flow over the berm created a “hydraulic jump” causing 

erosion on the back side.  If liquefaction were the culprit, we would have seen the holes more randomly 

on both sides of the berms.  In addition, we did not find evidence of liquefaction along the nearby roads 

or cut-banks within the canals.  Additional work evaluating the holes and modeling the potential for 

liquefaction is needed to rule it out. 

                      
Photo 5 

 

An interesting side note:  our work was delayed by a visit by U.S. Vice President Joe Biden.  No, we did 

not meet or talk to the VP but our movement along the tsunami deposit transect near Sendai Airport 

about 1km from the beach was halted by Japanese police who were keeping a road clear for the VP’s 

motorcade to travel along, thus delaying our work.  As we heard later, VP Biden was touring the damage 

to the Yuriage and Arahama areas and then drove to Sendai Airport (and across our transect) to give a 

speech before leaving the area.  After the motorcade passed, we continued to the same beach area I 

had visited the day before.  Yong was able to see (and likely feel) what I had the previous day.   

After seeing the beach, we walked to the Sendai Airport terminal to catch a shuttle bus back to our hotel 

in downtown Sendai.  While at the airport, several dozen posters and panels were erected for the VP’s 

visit, thanking the U.S. for their support of the Sendai area after the tsunami.  A permanent reminder of 

the tsunami was demonstrated by signs on two columns indicating that the tsunami flow depth within 

the airport terminal had been 3.02m deep (Photo 6).  Many hundreds of travelers were stranded on the 

upper floors and roof of the terminal for several days after the tsunami. 



 

 

 

                     
Photo 6 

 

  



 

 

August 24, 2011:  Arahama and Damage to the Ports 

In the morning, we met with Daisuke Sugawara, a tsunami deposit specialist from Tohoku University.  

Nishimura-san had other work to do the rest of the week.  Sugawara-san first took us to Arahama, a city 

between Yuriage and the Sendai Airport.  Our first stop was a 4-story elementary school approximately 

2km from the coast; it was the only structure still standing in the area (Photo 7).  Sugawara-san said that 

a handful of people evacuated to the upper floors of the school but hundreds of others in Arahama 

perished because they thought that they were safe from the tsunami.  I didn’t understand why they felt 

safe until we reached the coast and the main part of Arahama.   

Photo 7 

Closer to the coast in Arahama, we saw a Tsunami Hazard Zone sign with a map showing the expected 

tsunami inundation areas (Photo 8).  Sugawara-san told us that the inundation zone on the map 

represented only the 40-year tsunami event because authorities felt that what they had been 

experiencing in historic times in the area was appropriate for evacuation.  However, as we had seen in 

the paleotsunami  (pre-historic) deposit record, events much larger than the 40-year event, like the 

March 11 tsunami, have occurred on average about every 1000 years.  My experience with tsunami 

inundation zone mapping in California is that for evacuation planning, because it is for life safety, the 

“worst-case” scenarios should be considered and incorporated into evacuation maps.  In Arahama, the 

result was that the mapping for the 40-year tsunami event underestimated the width of the inundation 

area of the March 11 tsunami by about half.  

                           
Photo 8 



 

 

 

In the area of the tsunami sign, shells of a number of houses were still standing.  As in Yuriage, dozens of 

house foundations were in place where structures once stood.  Sugawara-san indicated that the tsunami 

flow depth in this area was up to 12m deep.  Fresh flowers, burning incense, and other momentos were 

left near these foundations as families still mourn the loss of loved ones from the tsunami (Photo 9). 

                            
Photo 9 

After leaving Arahama, we traveled to Wakabashi to collect some more tsunami deposit samples and 

then traveled north along the coast to the Ports of Sendai and Shiogama.  As we approached the Port of 

Sendai, a number of structures near the waterfront area were still standing but showed significant 

damage from what was believed to be 3-5m flow depths from the tsunami.  Sugawara-san said that the 

port was a depot for shipping Japanese cars overseas; during the tsunami, the cars became battering 

rams to structures nearby.  One large tanker ship was still stranded on the dock (Photo 10).  Sugawara-

san said that the Port of Sendai was out of commission for about a month after the tsunami and was still 

not running at peak efficiency.  Although the Port of Sendai is not the same size of the Ports of Los 

Angeles and Long Beach, those ports could experience a similar situation (4m flow depths, large tanker 

ships stranded, imported cars that could become debris) during a worst-case tsunami, according to the 

modeling results from the California tsunami program. 



 

 

                           
Photo 10    

The Port of Shiogama to the northeast of Sendai is not as large as the Port of Sendai, and did not show 

similar signs of tsunami damage.  Shiogama is located within the expansive Matsushima Bay which may 

account for attenuation of the tsunami surge in the port.  However, waterfront areas of Shiogama did 

show signs of liquefaction and settlement.  One such location was around the base of a multistory 

building used as, of all things, a tsunami vertical evacuation structure.  The structure was intact but, 

unfortunately, the foundation of the outside staircase and outside deck used for vertical evacuation was 

destabilized by settlement.  The foundation around the support columns for the stairs and the deck had 

settled up to 50cm and the foundation and columns were no longer connected to one another (Photo 

11).  Although people did safely evacuate to the deck and were not injured by the March 11 tsunami, 

the lesson to be learned is that all aspects of critical structures (building and connected structures like 

staircases) should be evaluated for both earthquake and tsunami hazards in their design and 

construction. 



 

 

                                              
Photo 11 

 

  



 

 

August 25, 2011:  Travel Day…Sendai to Kuji (north coast of Honshu) 

After saying goodbye to James Goff, Nishimura-san, and Sugawara-san, Bruce, Yong, and I took a train to 

Ninohe in the northern part of Honshu where we met up with several new Japanese colleagues and 

traveled by car to the coastal city of Kuji.  Our Japanese guides were Kazuhisa Goto from Chiba Institute 

of Technology, Shigehiro Fujino from the University of Tsukuba, and a student of Fujino-san, Masaki 

Yamada.  The purpose of our work in this area was to evaluate the 2011 tsunami deposits and the 

potential for paleotsunami deposits in the coastal area, as well as examine the damage from the 

tsunami and recovery of the area.  

The change in topography from the Sendai Plain to the Ninohe and Kuji area was dramatic.  The road 

between Ninohe and Kuji winds through the mountains with a significant amount of construction going 

on, likely effects of landslides and road damage from the March 11 earthquake (Photo 12).  Having said 

that, I was very impressed how the transportation system held up to a M9 earthquake just 5-1/2 months 

prior. 

                   
Photo 12 

 

  



 

 

August 26, 2011:  The Highest Tsunami Runup from the March 11 Tsunami 

The purpose of our work on this day was to travel the coastal road south from Kuji about 3-1/2 hours to 

the location of the highest tsunami runup recorded from the March 11 tsunami.  We would look for 

both tsunami deposits and signs of scour there. This area was a small valley and fishing village known as 

Aneyoshi Bay south of the port city of Miyako. 

Although the drive was long and the road was windy, the section of coast that we drove along was one 

of most heavily damaged by the March 11 tsunami, making the drive very interesting.  The coastal cities 

we drove through included Noda, Omoto Port, Taro, and Miyako.  Each of these cities had seawalls built 

because of a history of tsunamis, especially two relatively recent large tsunamis in 1896 and 1933.  

Although the height of the seawalls varied, most were constructed to a maximum height of 10m, which 

was the approximate level of the 1933 tsunami in many places.  However, during the March 11 tsunami, 

many of these areas received tsunamis that were 15-18m making the seawalls ineffective in protecting 

buildings and the residents behind them.  Our Japanese colleagues stated that, to complicate things, 

many people living behind the seawalls thought they were safe after they felt the earthquake and they 

first heard a tsunami was coming.  The seawalls in these areas were either heavily damaged or 

completely destroyed by the tsunami.  On the positive side, most schools had been placed on higher 

ground, where they survived the tsunami and provided shelter to the survivors that had been displaced.  

We also observed a number of temporary housing settlements that were still in use (Photo 13).  

Communities and the central government have not determined if and how these devastated areas along 

the coast should be rebuilt. 

                      
Photo 13   

 



 

 

On March 11, 2011, the first video images of the tsunami which were broadcast to the U.S. in near real 

time were from the port city of Miyako.  Photo 14A shows a still image from the video which 

demonstrated to people around the world how destructive the tsunami was in Japan.  Photo 14B was 

taken down the street from the video location, showing the seven-story building where the video on 

March 11 was taken.  As we drove down the street at the base of the sea wall, there was less observable 

damage than one would have thought after seeing the video.  This could be testament to the resiliency 

of the Japanese in their clean-up process. 

 

                                             
Photo 14A – March 11, 2011 

                                             
Photo 14B – August 26, 2011 (Photo 11A taken from multi-story building at left) 

 

Along the road leading down to Aneyoshi Bay, we saw one of the stone tablets which we had all read 

about that had been erected in the past to warn people about tsunamis (Photo 15).  This particular 

tablet was placed here after the 1896 tsunami.  Our Japanese colleagues translated the tablet into 

English:  “If you want happiness for your grandparents and children, build your houses higher than this 



 

 

rock.”  This warning seemed to be heeded by the residents of the area because as far as we could tell 

there were no residential structures below the elevation of stone.  What was of equal interest was the 

fact that the tablet was located about 10m elevation above the March 11, Aneyoshi Bay tsunami trim-

line (the tsunami run-up location based on a lineation of scour or damaged and dying trees). 

                                                                             
Photo 15 

 

Aneyoshi Bay was at the base of a narrow, moderately sloped valley which produced ideal conditions for 

significant tsunami run-up (the highest elevation of tsunami inundation), reportedly measured at 40m 

which was the highest tsunami run-up from the March 11 tsunami.  A trim-line around the valley was 

clear evidence that the tsunami water-depth had started at about 25m near the water and, because of 

the sloped and constricting nature of the valley, had funneled the water up to the higher elevation at 

least 2km inland (Photo 16).  The powerful force of the tsunami as evidenced by a 350-cubic-meter 

section of the concrete sea wall moved onshore about 300m from its original location (Photo 17).  Trees 

wrapped around rocks and scouring around the base of large boulders indicated that a significant 

amount of return flow occurred, which one would expect from such a large volume of water flushing out 

of the valley during the ebb flow of the tsunami.   

On a personal note, as I sat near the sea wall on the beach looking up at the trim-line, I imagined what 

the tsunami must have looked like coming ashore.  The power and destructive force of the March 11 

tsunami at Aneyoshi Bay was overwhelming.   



 

 

 

Photo 16 

 

                    
Photo 17 

 

As we drove back to Kuji in the late afternoon, we made a stop at Taro to look more closely at the sea 

walls.  Despite two sets of sea walls, Taro had experienced some of the highest per capita casualties 

from the March 11 tsunami because it is said that many residents thought they were safe and need not 

evacuate.  Interestingly, the older of the sea walls stood up better to the tsunami than the one most 

recently built.  Fujito-san mentioned that the later sections of sea wall were constructed to protect an 

area closer to shore so that a new residential development could be built; this development was leveled 

by the tsunami which overtopped the sea walls by several meters (Photo 18).  On the north side of Taro 

water-front area, two metal markers were placed to note the tsunami heights of the 1896 and 1933 

tsunamis, which were at levels of 15m and 10m respectively (Photo 19).  The March 11 tsunami was said 

to reach a height of about 18m at this location. 



 

 

 

Photo 18 

                            
Photo 19 
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August 27, 2011:  Harbors, Evacuation, and Paleotsunami Deposit Reconnaissance 

On our last field day, we first drove down to the Kuji Port area.  Reportedly, sections of the city near the 

water and along the creeks flooded during the March 11 tsunami but the flow depth was considered to 

be a maximum of only 3-4m.  There was a well-built, 3m-tall sea wall that seemed to protect most of the 

structures on the landward side.  However, at the end of the sea wall near the water front was a 1-2m 

berm that appeared to be overtopped by the tsunami as evidenced by the damage to several buildings 

nearby.  It is unclear why these two “sea walls” were constructed to different heights.  In any case, the 

city of Kuji was fortunate to receive a smaller tsunami surge and less damage overall. 

Only 10km to the south, the city of Noda experienced a much different tsunami than Kuji.  Where Kuji 

only experienced a 3-4m tsunami, Noda experienced a 12-15m high surge.  The 10m sea wall that was 

built to protect much of the city was either destroyed or heavily damaged by the tsunami (Photo 20).  

However, due to good evacuation planning and the majority of the residents living near the hills, we 

were told that Noda lost only 38 people.   

 The fishing harbor for Noda, at the north end of the city and the sea wall, was located next to a 30m 

high bluff where a tsunami evacuation site was located (Photo 21).  Goto-san talked to older fisherman 

at this location and discovered that the he and six other fishermen had evacuated to this site after 

feeling the earthquake, hearing the city’s emergency alert message, and actually seeing the tsunami 

travel along the coast from the north and south.  The fisherman indicated that his first thought was to 

get on his boat and take it out to sea to save it.  Fortunately he evacuated by foot to high ground instead 

because only one out of 100 boats actually survived the tsunami at Noda port (Photo 22).  Though there 

must have been fishermen that did lose their lives trying to take their boats offshore, we did not ask as 

we felt it was inappropriate to ask at the time.  As my thoughts are always going back to California, this 

is an important lesson that needs to be taught to mariners:  save yourself instead of your boat. 

                                  
Photo 20 



 

 

                        
Photo 21 

 

                       
Photo 22 

 



 

 

As for the tsunami deposit work, the Japanese scientists were looking for ideal locations for the student, 

Masaki, to start a project.  We evaluated the shallow sediment behind the sea wall at Noda, a small 

valley just south of Noda, and an area further south called Settai.  The sediments in the two areas near 

Noda did not appear to be too promising because of either lack of distinctive, continuous tsunami sands 

or an abundance of gravel making it difficult to core.  The area of Settai seemed to be a better location 

as we discovered what we thought might be some possible continuous tsunami-like deposits in the older 

sediments.   

This work is important for not only determining the size and inundation extent of the tsunamis of 1896, 

1933, and 2011, but also seeing if older events like the AD 869 Jogan and the 150 BC are present in this 

area like they are in the Sendai area.  We are trying to do similar work along California’s coast to provide 

a more complete picture of our tsunami history (and pre-history). 

  



 

 

August 28 and 29, 2011:  Return travel and final thoughts 

The following day (August 28), we traveled from Kuji to Tokyo via car and bullet train which took most of 

the day.  Bruce, Yong, and I stayed the evening in Tokyo, spending time doing some sightseeing (Imperial 

Palace, Senso-ji Temple, and the Ginza shopping district) and other things (karaoke!).  On August 29th, 

we flew out of Narita Airport and traveled to our home cities (Bruce = Santa Cruz, CA; Yong = Seattle, 

WA; me = Sacramento, CA). 

Although my stay in Japan was brief, my overall impression is that the Japanese people are very gracious 

and strong in character.   I greatly appreciate the hospitality and collegial nature of our Japanese hosts; I 

cannot thank them enough and look forward to seeing and working with them in the future.  I also 

appreciate my other colleagues from the U.S. (Bruce and Yong) and Australia (James) who made the trip 

so worthwhile and enjoyable.  And, thank you to Bruce and the U.S. Geological Survey for sponsoring my 

travel to Japan; I am very grateful for the strong relationship between our state and federal geological 

surveys. 

As you have probably noticed in my writing, as a scientist I found myself having a difficult time 

separating my pure observations from my emotions regarding the incredible loss of life and property 

from this destructive tsunami, and the ongoing nuclear contamination threat which will last for many 

years.  I look forward to traveling back to Japan during better times and enjoying the people and the 

country from a more personal perspective.    

  



 

 

 


