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Abstract

We report the results of field surveys conducted by the Earthquake Research Institute, to measure
tsunami heights from the 2011 off the Pacific coast of Tohoku, Japan Earthquake (M 9.0), on March 11.
Measurements were taken at 296 points on the Sanriku coasts of Aomori, Iwate, and Miyagi Prefectures,
and the Pacific coasts of Ibaraki and Chiba Prefectures. The data are included in the results of the 2011
Tohoku Earthquake Tsunami Joint Survey Group. We did not cover the Sendai plain in the southern
Miyagi Prefecture because other parties extensively measure there, nor Fukushima Prefecture because of
the accident of the Fukushima Dai-ichi nuclear power plant. The twelve surveys first sought traces
indicating tsunami runup or inundation heights. Reliability was classified into A (most reliable based on
clear physical evidence and eyewitness accounts), B (mostly based on natural traces), and C (least reliable
based on equivocal evidence). Most physical evidence obtained after June was not significant; therefore,
reliance was mostly placed on eyewitness accounts. Locations and relative heights above sea level were
measured using handheld GPS receivers, auto-level, or total station. The measured heights were corrected
for differences in tide level between measurement time and tsunami arrival time. The results are shown
on table and four regional maps; however, the details of each measurement, including locations shown on 1:
25,000 maps and photographs of evidence are shown in the Appendix. Along the northern Sanriku coast
(Aomori and Iwate), most of the 141 heights range between 10m and 30 m. Runup heights exceeding 30 m
were measured at one location in Noda Village and nine locations in Miyako City. On the southern Sanriku
coast in Miyagi, most of the 76 measurements range between 4 and 20m. On the Ibaraki coast, 36
measurements range from 2.8 to 8.1 m, and the heights generally decease toward the south. On the Chiba
coast, 43 measurements range from 0.7 to 7.9 m, with the maximum height near lioka, Asahi City.

Keywords : the 2011 off the Pacific coast of Tohoku Earthquake, tsunami height, field survey, inundation
height, runup height, tsunami height in port
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Fig. 1. (a) Source area of the tsunami caused by the 2011 off the Pacific coast of Tohoku Earthquake determined
by back-propagation of tsunami arrivals from tide gauges (triangles) and offshore observation stations (circles).
Closed circles and triangles are color-coded according to the initial wave (red: upward, blue: downward). Black
star indicates the epicenter of the mainshock according to the Japan Meteorological Agency. (b) Estimated
source area of high-amplitude peaky wave determined by the back-projection of maximum tsunami arrivals
(dashed white line). (c) Seafloor changes observed by sea-bottom tide gauges operated by the Earthquake

Research Institute, the University of Tokyo.
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Fig. 2. Instruments used in the survey: (a) level tracon (b) auto-level (c) total-station
(right) and laser range finder “Tru Pulse 360" (left).
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Fig. 3. Distribution of tsunami heights in Aomori Prefecture (Hachinohe City and Hashikami Town) and
northern part of Iwate Prefecture (Hirono Town, Kuji City, Noda Village, Fudai Village, Tanohata Village,
Iwaizumi Town, Miyako City, and Yamada Town). Circles and triangles indicate runup and inundation
heights, respectively. Closed circles and triangles are color-coded according to tsunami heights. Red thick line
and black thin line show prefectural and municipal boundaries, respectively.

NI 10m 22, 10 5 SPHA 1M =
WH I M) 1BV T30mUETH-72. ZToHICIE,
FTaOPEIIBCTRARKOFWE (378m) Lo 7-H
ZIFHE CNENEESNENILIX) &t DM, b
N OEANENENOFAM I OFMEZ RS,

4.1 AFEEEF (OHOD) H

B (AR (EDIRFE)) (AEAS ks K
All, BEEIRDE 2 & ONTEMR R AL AT 5 [ A12) C

&, BoJLmEFIICETONNEOEROTEL HIZ,
HRORKBA 2RI HOHHHEIZ L > THBE2T 5
nTwiz, ThICHESSIE S8 EEE, 70m T
Hot: (11, K AI2d).

Bm (Eas) Gk I AL3, BRIz 5 NS
AEBCRER AR AT X ALL) 1, ARSI T & BEBIX
eI &, WK - WORH OIS 5 EIX A 572 5.
EXHEICIE, By Y —0@MrH b, €D



HEFEE

141 4E 1418 FAN- 142 P L T
oA’ 1 T 0 8§ W & M |
H "'.F-"— - { % e ) &
U mﬁfmﬂﬂﬁhﬁa
il
'll:". _n-—""""'“-'f'. :::‘h;“' r
L L i ,
sz | hwate Pref. A § @ 9 9
e faamt?
e -.1-"'-'"“ (I AT u._!“‘ a o
} 1 ] [ =]
“_‘Efn:lru B
A . a
i
e
g o
F-
oS
f4
o
O
*
A
F
&
=]
&5
& 0 %o
F
A % It h = ]
{1
o T i i m‘j b
Tauruarmi hoight {m) 2% Iundstion hesgid

Fig. 4. Distribution of tsunami heights in the southern part of Iwate Prefecture (Otsuchi Town, Kamaishi City,
Ofunato City, and Rikuzentakada City) and Miyagi Prefecture (Kesennuma City, Minamisanriku Town,
Ishinomaki City, and Onagawa Town). The symbols and their meanings are the same as in Fig. 3.
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Fig. 5. Distribution of tsunami heights in Ibaraki Prefecture (Kitaibaraki City, Takahagi City, Hitachi City,
Hitachinaka City, Oarai Town, Kashima City, and Kamisu City). The symbols and their meanings are the same

as in Fig. 3.
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Fig. 6. Distribution of tsunami heights in Chiba Prefecture (Choshi City, Asahi City, Sosa City,
Yokoshibahikari Town, Sammu City, Kujukuri Town, Ichinomiya Town, Isumi City, Onjuku Town,
Katsuura City, Kamogawa City, Minamiboso City, and Tateyama City). Squares indicate the tsunami
heights in port. Other symbols and their meanings are the same as in Fig. 3.
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Fig. Al. Tsunami height at Shimomekurakubo (Hachinohe Fishing Port, Ebisuhama District) Samemachi,
Hachinohe City, Aomori Prefecture (added with digital topographic map 1/25,000 from the Geospatial Information
Authority of Japan). The symbol and its meaning are the same as in Fig. 3.

(al ih

Fig. A2. (a)-(c) Damage at Ebisuhama district of Hachinohe Fishing Port. (d) Tsunami trace survey point at the
laboratory of Hachinohe Fisheries High School (A1).
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Fig. A3. Tsunami height at Yoboishi (Tanesashi Fishing Port), Samemachi, Hachinohe City, Aomori Prefecture
(added with digital topographic map 1/25,000 from the Geospatial Information Authority of Japan). The symbol and
its meaning are the same as in Fig. 3.

Fig. A4. (a)-(c) Damage at Tanesashi Fishing Port. (d) Tsunami trace survey point at the door header of Mr. Fukuda’
s house (A2).
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Fig. A5. Tsunami height at Daisakutai (Okuki Fishing Port), Samemachi, Hachinohe City, Aomori Prefecture (added
with digital topographic map 1/25,000 from the Geospatial Information Authority of Japan). The symbol and its
meaning are the same as in Fig. 3.

(c) ()

Fig. A6. (a)-(c) Damage at Daisakutai (Okuki Fishing Port). (d) Tsunami trace survey point at the wall of Japanese-
style bar Hamagoya (A3)
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Fig. A7. Tsunami height at Oja (Oja Fishing Port), Dobutsu, Hashikami Town, Aomori Prefecture (added with digital
topographic map 1/25,000 from the Geospatial Information Authority of Japan). The symbol and its meaning are the
same as in Fig. 3.

(b)

Fig. A8. (a)-(b) Damage at Oja (Oja Fishing Port). (c)-(d) Tsunami trace survey point at the slope in front of Mr.
Tetsuzo Tanaka’s house (A4).



2011 4FHCIL I AT B O e

‘_."I-'fll >
wl L
"y Ta)

Fig. A9. Tsunami height at Kominato (Kominato Fishing Port), Dobutsu, Hashikami Town, Aomori Prefecture

(added with digital topographic map 1/25,000 from the Geospatial Information Authority of Japan). The symbol and
its meaning are the same as in Fig. 3.

Fig. A10. (a)-(b) Kominato Fishing Port. (c) Inundation height in the winch lodge. (d) Tsunami trace survey point at
the slope (A5).
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Fig. A1l. Tsunami height at Taneichi (Kadonohama) (Kadonohama Fishing Port), Hirono Town, Iwate Prefecture
(added with digital topographic map 1/25,000 from the Geospatial Information Authority of Japan). The symbol and
its meaning are the same as in Fig. 3.

(1) {h)

Fig. A12. (a)-(c) Damage at Kadonohama Fishing Port. (d) Tsunami trace survey point (I1).
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Fig. A13. Tsunami height at Taneichi (Taneichi Fishing Port), Hirono Town, Iwate Prefecture (added with digital
topographic map 1/25,000 from the Geospatial Information Authority of Japan). The symbol and its meaning are the
same as in Fig. 3.

Fig. Al4. (a)-(c) Damage at Taneichi Fishing Port. (d) Tsunami trace survey point at the step (I2).
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Fig. A15. Tsunami height at Taneichi (Yagi Port), Hirono town, Iwate Prefecture (added with digital topographic
map 1/25,000 from the Geospatial Information Authority of Japan). The symbol and its meaning are the same as in
Fig. 3.

Fig. A16. (a)-(c) Damage at Yagi Port. (d) Tsunami trace survey point at a damaged wall of the fish market (I3).
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Fig. A17. Tsunami height at Uge (Uge Fishing Port), Hirono Town, Iwate Prefecture (added with digital topographic
map 1/25,000 from the Geospatial Information Authority of Japan). The symbol and its meaning are the same as in
Fig. 3.

Fig. A18. (a)-(c) Damage at Uge (Uge Fishing Port). (d) Tsunami trace survey point at a damaged water tower (14).
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Fig. A19. Tsunami height at Nakano (Koge Fishing Port, Koge district), Hirono Town, Iwate Prefecture (added with

digital topographic map 1/25,000 from the Geospatial Information Authority of Japan). The symbol and its meaning
are the same as in Fig. 3.

la)

Fig. A20. (a)-(c) Damage at Nakano (Koge Fishing Port, Koge district). (d) Tsunami trace survey point at a slope (I5).
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Fig. A21. Tsunami height at Samuraihamacho-Sotoyashiki (Takonoki Fishing Port), Kuji City, Iwate Prefecture
(added with digital topographic map 1/25,000 from the Geospatial Information Authority of Japan). The symbol and
its meaning are the same as in Fig. 3.

Fig. A22. (a) Damage at Takonoki Fishing Port. (b) Tsunami trace survey point (I6).
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Fig. A23. Tsunami height at Samuraihamacho-Mukaicho (Kawatsunai Fishing Port, Kawatsunai District), Kuji City
Iwate Prefecture (added with digital topographic map 1/25,000 from the Geospatial Information Authority of Japan).

The symbol and its meaning are the same as in Fig. 3.

()

(a)-(c) Damage at Samuraihamacho-Mukaicho (Kawatsunai Fishing Port, Kawatsunai District). (d) Tsunami

Fig. A24.
trace survey point (I7).
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Fig. A25. Tsunami height at Samuraihamacho-Shiromae (Shiromae Fishing Port, Shiromae District), Kuji City, Iwate

Prefecture (added with digital topographic map 1/25,000 from the Geospatial Information Authority of Japan). The
symbol and its meaning are the same as in Fig. 3.

Fig. A26.

trace survey point at a slope (I8).

(a)-(c) Damage at Samuraihamacho-Shiromae (Shiromae Fishing Port, Shiromae District). (d) Tsunami
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Fig. A27. Tsunami height at Samuraihamacho-Honnami (Shiromae Fishing Port, Honnami District), Kuji City, Iwate
Prefecture (added with digital topographic map 1/25,000 from the Geospatial Information Authority of Japan). The
symbol and its meaning are the same as in Fig. 3.

Fig. A28. (a)-(c) Damage at Samuraihamacho-Honnami (Shiromae Fishing Port, Honnami District). (d) Tsunami trace
survey point at a slope in front of Shiromae Fishing Port (Honnami district) (19).
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Fig. A29. Tsunami height at Samuraihamacho-Mugyo (Mugyo Fishing Port), Kuji City, Iwate Prefecture (added with
digital topographic map 1/25,000 from the Geospatial Information Authority of Japan). The symbol and its meaning
are the same as in Fig. 3.

Fig. A30. (a)-(b) Damage at Samuraihamacho-Mugyo (Mugyo Fishing Port). (c)-(d) Tsunami trace survey point at the
northern slope of Mugyo Fishing Port (I10).



Fig. A31. Tsunami height at Osanaicho (Tamanowaki; Tamanowaki Fishing Port), Kuji City, Iwate Prefecture (added
with digital topographic map 1/25,000 from the Geospatial Information Authority of Japan). The symbol and its
meaning are the same as in Fig. 3.

Fig. A32. (a)-(c) Damage at Osanaicho (Tamanowaki; Tamanowaki Fishing Port). (d) Tsunami trace survey point in
front of Mr. Hamakake’s house (I11).



2011 AP LG H0 75 AT i M 52 0D e v i A

Fig. A33. Tsunami heights at Ubecho (Kosode), Kuji City, Iwate Prefecture (added with digital topographic map 1/
25,000 from the Geospatial Information Authority of Japan). The symbols and their meanings are the same as in Fig. 3.

Fig. A34. (a)-(b) Damage at Ubecho (Kosode). (c) Tsunami trace survey point at the damaged regulation plant of a
water gate. (I12). (d) Tsunami trace survey point in front of Kosode post office (I13).
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Fig. A35. Tsunami height at Ubecho (Kosode Fishing Port, Misaki District), Kuji City, Iwate Prefecture (added with
digital topographic map 1/25,000 from the Geospatial Information Authority of Japan). The symbol and its meaning
are the same as in Fig. 3.

(4] (h)

Fig. A36. (a)-(c) Damage at Ubecho (Kosode Fishing Port, Misaki District). (d) Tsunami trace survey point at a slope
(I14).
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Fig. A311. Tsunami height at Kido, Sammu City, Chiba Prefecture (added with a digital topographic map at a scale of
1/25,000 from the Geospatial Information Authority of Japan). The symbol and its meaning are the same as in Fig. 6.

Fig. A312. (a)-(b) Damage due to tsunami run-up through the flume. (c)-(d) Watermark on windowpanes of Mr.
Uchida's house (1.27 m above ground level; C14).
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Fig. A313. Tsunami height at Koseki (Katakai Fishing Port), Kujukuri Town, Chiba Prefecture (added with a digital
topographic map at a scale of 1/25,000 from the Geospatial Information Authority of Japan). The symbol and its
meaning are the same as in Fig. 6.

Fig. A314. (a)-(b) Damage at Katakai Fishing Port. (c¢)-(d) Watermark on windowpanes of Kujukuri fishery association
building (0.64 m above ground level; C15).
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Fig. A315. Tsunami heights at Fudodo, Kujukuri Town, Chiba Prefecture (added with a digital topographic map at a
scale of 1/25,000 from the Geospatial Information Authority of Japan). The symbols and their meanings are the same

as in Fig. 6.

(a)-(b) Watermark on the prop of a signboard (0.29m above ground level; C16). (c)-(d) Watermark in a

Fig. A316.
tunnel under Kujukuri tollway (0.56 m above ground level; C17).
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Fig. A317. Tsunami height at Sendokyu, Ichinomiya Town, Chiba Prefecture (added with a digital topographic map
at a scale of 1/25,000 from the Geospatial Information Authority of Japan). The symbol and its meaning are the same
as in Fig. 6.

Fig. A318. (a) Large amounts of sand deposits conveyed by the tsunami at the northern side of Ichonomiya River.
(b)-(c) Damage at a house in Sendokyu. (d) Watermark on an outer wall of a house (1.29m above ground level;
C18).
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Fig. A319. Tsunami height at Ichinomiya, Ichinomiya Town, Chiba Prefecture (added with a digital topographic map
at a scale of 1/25,000 from the Geospatial Information Authority of Japan). The symbol and its meaning are the same
as in Fig. 6.

Fig. A320. (a)-(b) Crossroads inundated by the tsunami at Ichinomiya. (c)-(d) Tsunami trace survey point at a drift
close to the crossroads (C19).
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Fig. A321. Tsunami heights at Misakicho-Nakahara (Taito Fishing Port), Isumi City, Chiba Prefecture (added with a
digital topographic map at a scale of 1/25,000 from the Geospatial Information Authority of Japan). The symbols and
their meanings are the same as in Fig. 6.

Fig. A322. (a) Watermark on windowpanes of fishery market office building (2.15m above ground level; C20) (b)-(c)
Tsunami inundation limit at a slope in front of the Isumitobu fishery association building (Taito affiliate)(C21). (d)
Sand deposit carried by the tsunami in Taito Fishing Port.
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Fig. A323. Tsunami height at Ohara (Ohara Fishing Port), Isumi City, Chiba Prefecture (added with a digital
topographic map at a scale of 1/25,000 from the Geospatial Information Authority of Japan). The symbol and its
meaning are the same as in Fig. 6.

(@)

Fig. A324. (a)-(c) Ohara Fishing Port. (d) Tsunami trace survey point at the entrance of Isumitobu fishery association
office (C22).
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Fig. A325. Tsunami heights at Iwafune (Iwafune Fishing Port), Isumi City, Chiba Prefecture (added with a digital
topographic map at a scale of 1/25,000 from the Geospatial Information Authority of Japan). The symbols and their
meanings are the same as in Fig. 6.

Fig. A326. (a) Damage at Iwafune Fishing Port. (b) Aluminum ladder inundated by the tsunami (C23). (c)
Framework of shack inundated by the tsunami (C24). (d) Pipe completely inundated by the tsunami (C25).

— 265 —



HEFEE

i =t

Fig. A327. Tsunami height at Hama (Onjuku Fishing Port), Onjuku Town, Chiba Prefecture (added with a digital
topographic map at a scale of 1/25,000 from the Geospatial Information Authority of Japan). The symbol and its
meaning are the same as in Fig. 3.

Fig. A328. (a) Freezer building in Onjuku Fishing Port. (b)-(d) Watermark on a wall of freezer building (0.305m
above floor level; C26).
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Fig. A329. Tsunami height at Hamakatsuura (Katsuura Fishing Port), Katsuura City, Chiba Prefecture (added with a
digital topographic map at a scale of 1/25,000 from the Geospatial Information Authority of Japan). The symbol and
its meaning are the same as in Fig. 6.

e ——

Fig. A330. (a)-(b) Katsuura Fishing Port. (c)-(d) Tsunami trace survey point at the lid of a side ditch (C27).
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Fig. A331. Tsunami height at Hamanamegawa (Hamanamegawa Fishing Port), Katsuura City, Chiba Prefecture

(added with a digital topographic map at a scale of 1/25,000 from the Geospatial Information Authority of Japan).
The symbol and its meaning are the same as in Fig. 6.

(@l

Fig. A332. (a)-(c) Hamanamegawa Fishing Port. (d) Tsunami trace survey point at the top of a quay (C28).
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Fig. A333. Tsunami height at Kominato (Kominato Fishing Port), Kamogawa City, Chiba Prefecture (added with a
digital topographic map at a scale of 1/25,000 from the Geospatial Information Authority of Japan). The symbol and
its meaning are the same as in Fig. 6.

Fig. A334. (a)-(b) T'sunami trace survey point at the top of a quay (C29).
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Fig. A335. Tsunami heights at Amatsu (Amatsu Fishing Port), Kamogawa City, Chiba Prefecture (added with a
digital topographic map at a scale of 1/25,000 from the Geospatial Information Authority of Japan). The symbols and

their meanings are the same as in Fig. 6.

(a)-(b) Tsunami trace survey point at the top of a quay (C30). (c)-(d) Tsunami trace survey point on the lid

Fig. A336.
of a side ditch (C31).
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Fig. A337. Tsunami height at Futomihama (Hamanabuto Fishing Port), Kamogawa City, Chiba Prefecture (added

with a digital topographic map at a scale of 1/25,000 from the Geospatial Information Authority of Japan). The
symbol and its meaning are the same as in Fig. 6.

Fig. A338. (a)-(b) The Hamanabuto Fishing Port. (c¢)-(d) Quay inundated by the tsunami to a small depth (C32).
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Fig. A339. Tsunami height at Emitayuzaki (Tayuzaki Fishing Port), Kamogawa City, Chiba Prefecture (added with a
digital topographic map at a scale of 1/25,000 from the Geospatial Information Authority of Japan). The symbol and
its meaning are the same as in Fig. 6.

(a)

Fig. A340. (a)-(c) The Tayuzaki Fishing Port. (d) Tsunami trace survey point at the top of a quay (C33).
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Fig. A341. Tsunami height at Wadacho-Wada (Wada Fishing Port), Minamiboso City, Chiba Prefecture (added with a
digital topographic map at a scale of 1/25,000 from the Geospatial Information Authority of Japan). The symbol and

its meaning are the same as in Fig. 6.

Fig. A342. (a) Wada Fishing Port. (b)-(d) Tsunami trace survey point at the second step of stairs in front of Wada

Fishing Port office (C34).
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Fig. A343. Tsunami heights at Chikuracho-Shirako (Shirako Fishing Port), Minamiboso City, Chiba Prefecture
(added with a digital topographic map at a scale of 1/25,000 from the Geospatial Information Authority of Japan).
The symbols and their meanings are the same as in Fig. 6.

Fig. A344. (a) The Shirako Fishing Port. (b)-(c) Tsunami trace survey point at the top of a quay (C35). (d) The yellow
buoys show the upper limit of the Tsunami height at the port (C36).
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Fig. A345. Tsunami heights at Chikuracho-Hedate (Chikura Fishing Port), Minamiboso City, Chiba Prefecture (added

with a digital topographic map at a scale of 1/25,000 from the Geospatial Information Authority of Japan). The
symbols and their meanings are the same as in Fig. 6.
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Fig. A346. (a)-(b) Chikura Fishing Port. (c) Quay inundated by the tsunami to a small depth (C37). (d) The other quay
with a height equivalent to the Tsunami height at the port (C38).
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Fig. A347. Tsunami height at Shirahamacho-Otohama (Otohama Fishing Port), Minamiboso City, Chiba Prefecture

(added with a digital topographic map at a scale of 1/25,000 from the Geospatial Information Authority of Japan).
The symbol and its meaning are the same as in Fig. 6.

Fig. A348. (a) The Otohama Fishing Port. (b)-(d) Debris on a slope carried by the tsunami (C39).
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Fig. A349. Tsunami height at Shirahamacho-Shirahama (Nojimahigashi Fishing Port), Minamiboso City, Chiba
Prefecture (added with a digital topographic map at a scale of 1/25,000 from the Geospatial Information Authority of
Japan). The symbol and its meaning are the same as in Fig. 6.

Fig. A350. (a) Nojimahigashi Fishing Port. (b)-(d) Garbage and carcasses including a turtle on the quay carried by the
tsunami (C40).
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Fig. A351. Tsunami heights at Shirahamacho-Nemoto (Nemoto Fishing Port), Minamiboso City, Chiba Prefecture
(added with a digital topographic map at a scale of 1/25,000 from the Geospatial Information Authority of Japan).
The symbols and their meanings are the same as in Fig. 6.

by

Fig. A352. (a)-(b) Upper limit of garbage and sea glass on a slope in Nemoto Fishing Port (C41). (c)-(d) Garbage and
sea glass on a slope in Nemoto Fishing Port (C42).
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Fig. A353. Tsunami height at Mera (Tomisaki Fishing Port), Tateyama City, Chiba Prefecture (added with a digital
topographic map at a scale of 1/25,000 from the Geospatial Information Authority of Japan). The symbol and its
meaning are the same as in Fig. 6.

Fig. A354. (a) Tomisaki Fishing Port. (b)-(d) Tsunami trace survey point at the middle of a concrete wall in front of a
building (C43).
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