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Estimated Population Exposed to Earthquake Shaking
ESTIMATED POPULATION 

EXPOSURE (k = x1000) 2 ,4 6 2 k * 5 ,1 2 0 k * 2 ,7 0 8 k 17 0 0 0 0

ESTIMATED MODIFIED 
MERCALLI INTENSITY 1 ll-lll IV V VI VII VIII IX x+
PERCEIVED SHAKING N ot fe lt W e a k L ig h t M o d e ra te S tro n g V e ry  S tro n g S e v e re V io le n t E x tre m e

POTENTIAL
DAMAGE

Resistant
Structures none none none V. Light Light Moderate Moderate/Heavy Heavy V. Heavy

Vulnerable
Structures none none none Light Moderate Moderate/Heavy Heavy V. Heavy V. Heavy

"Estimated exposure only includes population within the rnap area.

Population Exposure population per ~1 sq. km from Landscan

PAGER content is automatically generated, and only considers losses due to structural damage. 
Limitations of input data, shaking estimates, and loss models may add uncertainty. 
h ttp ://earthquake.usgs.gov/pager

S tru c tu re s :
Overall, the population in th is region resides 
in s tructures tha t are resistant to earthquake 
shaking, though som e vu lnerable structures 
exist.

H is to r ic a l E a rth q u a ke s  (w ith  MMI le ve ls ):

Date Dist. Mag. M ax S ha k in g
(UTC) (k m ) MMI(#) D eaths
2003-10-31 73 7.0 V (7,236k) 0
1980-09-23 388 5.3 V (12,718k) 1
1983-05-26 385 7.7 V ll(174k) 104

Recent earthquakes in th is area have caused 
secondary hazards such as tsunam is, 
landslides, and fires that m ight have 
contributed to losses.

Selected City Exposure
from GeoMarnes.org

bold cities appear on map (k=x1000)

E ve n t ID : u s b 0 0 0 1 r5 7

http://earthquake.usgs.gov/pager


Tohoku, Japan Earthquake, 03/11/2011, Mw 9.0

USGS ShakeMap : NEAR THE EAST COAST OF HONSHU, JAPAN
Fri Mar 11,2011 05:46:23 GMT M 9.0 N38.32 E142.37 Depth: 32.0km ID:c0001xgp
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Estimated Fatalities

63%

10 1,000 100.000 
Fatalities

Red alert level for economic losses. Extensive 
damage is probable and the disaster is likely 
widespread. Estimated economic losses are 
0-1% GDP of Japan. Past events with this alert 
level have required a national or international 
level response.

Orange alert level for shaking-related fatalities. 
Significant casualties are likely.

Estimated Economic Losses

^  | iio  ^  io.Joo |10 1.000 100,000
USD (Millions)

Estimated Population Exposed to Earthquake Shaking
ES TIM A TED  PO PU LATIO N  

EX PO S UR E (k  =  x1000)
- -* 6k* 2 ,4 8 3 k * 1 5 ,2 6 9 k * 1 0 ,8 6 4 k * 3 6 ,0 8 8 k * 6 ,7 8 1 k * 6 6 k 0

ES TIM A TED  M ODIFIED  
M ER C ALLI IN TEN SITY l м-in IV V VI VII VIII IX x+
PE RC EIVED  SH A K IN G N o t fe lt W e a k L ig h t M o d e ra te S tro n g V e ry  S tro n g S e v e re V io le n t E x tre m e

PO TE N TIAL
DAM AGE

R esistant
Structures none none none V. Light Light Moderate Moderate/Heavy Heavy V. Heavy

Vulnerab le
Structures none none none Light Moderate Moderate/Heavy Heavy V. Heavy V. Heavy

*Estimated exposure only includes population within the map area.

Population Exposure population per ~1 sq. km from Landscan
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PAGER content is automatically generated, and only considers losses due to structural damage. 
Limitations of input data, shaking estimates, and loss models may add uncertainty. 
h ttp ://earthquake.usgs.gov/pager

Structures:
O vera ll, the  population in th is  reg ion resides 
in structu res tha t are res is tant to  earthquake 
shak ing , though som e vu lnerab le  structures 
exist. The  p redom inant vu lnerab le  building 
types are non-ductile  re in forced  concrete 
fram e  and heavy w ood  fram e construction.

Historical Earthquakes (with MMI levels):

Date
(UTC)

Dist.
(km)

Mag. Max
MMI(#)

Shaking
Deaths

1998-06-14 363 5.7 VII(428k) 0
1994-12-28 263 7.7 VII(132k) 3
1983-05-26 369 7.7 VII(174k) 104

R ecent earthquakes in th is  a rea have  caused 
secondary hazards such as tsunam is, 
landslides, and fire s  tha t m ight have 
contribu ted  to  losses.

Selected City Exposure
from GeoNames.org

MMI City Population
IX Iwanuma 42k
IX  R ifu 3 5 k

IX  S h io g a m a 6 0 k

IX H ita ch i 186k

V III T a k a h a g i 3 4 k

V III Ish in o m a k i 117k

VIII Sendai 1,038k
V III C h ib a 9 2 0 k

VII Yokohama 3,574k
VII Tokyo 8,337k
V Nagoya 2,191k

bold cities appear on map (k = x1000)

Event ID: usc0001xgp

http://earthquake.usgs.gov/pager
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Tohoku, Japan Earthquake: ShakeMap Evolution ^USGS
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2USGS Earthquake Red
Shaking Alert

science for a changing world \^_ __у
M 8.9, NEAR THE EAST COAST OF HONSHU, JAPAN
Origin Time: Fri 2011-03-11 05:46:23 UTC (14:46:23 local)
Location: 38.32°N 142.37°E Depth: 24 km
FOR TSUNAMI INFORMATION, SEE: tsunami.noaa.gov________________________________

USAID
FROM THE AMERICAN PEOPLE

PAGER 
Version 5

Created: 2 hours, 44 minutes after earthquake

Estimated Fatalities

О
Red alert level for economic losses. Extensive E stim a ted  ЕСОПОГГНС LOSSeS
damage is probable and the disaster is likely 
widespread. Estimated economic losses are less 
than 1% of GDP of Japan. Past events with this 
alert level have required a national or 
internationai level response.

Orange alert level for shaking-related fatalities. 
I Significant casualties are likely.

1 100 
10 1,000 

______________ Fatalities_____

Estimated Population Exposed to Earthquake Shaking
ESTIMATED POPULATION 

EXPOSURE (k = x1000) 7,071k* 19,695k* 29,969k* 2,144k 0 0
ESTIMATED MODIFIED 
MERCALLI INTENSITY I ll-lll IV V VI VII VIII IX X+
PERCEIVED SHAKING Not felt Weak Light Moderate Strong Very Strong Severe Violent Extreme

POTENTIAL
DAMAGE

Resistant
Structures none none none V. Light Light Moderate Moderate/Heavy Heavy V. Heavy

Vulnerable
Structures none none none Light Moderate Mode rat e/Heavy Heavy V. Heavy V. Heavy

"Estimated exposure only includes population within the map area.

Population Exposure population per ~1 sq. km from Landscan

PAGER content is automatically generated, and only considers losses due to structural damage. 
Limitations of input data, shaking estimates, and loss models may add uncertainty. 
http://earthquake.usgs.gov/pager

Structures:
Overall, the population in this region resides 
in structures that are resistant to earthquake 
shaking, though some vulnerable structures 
exist. The predominant vulnerable building 
types are non-ductile reinforced concrete 
frame and heavy wood frame construction.

Historical Earthquakes (with MMI levels):

Date
(UTC)

Dist. Mag.

Jinn)____
Max

MMI(#)
Shaking

Deaths
1998-06-14 363 5.7 Vll(428k) 0
1994-12-28 263 7.7 VI 1(132k) 3
1983-05-26 369 7.7 VI 1(174k) 104

Recent earthquakes in this area have caused 
secondary hazards such as tsunamis, 
landslides, and fires that might have 
contributed to losses.

Selected City Exposure
from GeoNames.org

bold cities appear on map (k = x1000)

Event ID: uscOOOIxgp

http://earthquake.usgs.gov/pager
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Tohoku, Japan Earthquake: Shaking Duration in Tokyo, 
Ground Acceleration

ERI-1555_1_ 2011/03/11 14:46:56 Seismic Intensity : 4.82
ERI -1555_1_20110311144726
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Tohoku, Japan Earthquake: Shaking Duration in Tokyo, 
Ground Velocity

ERI-1555_1_ 2011/03/11 14:46:56 Seismic Intensity : 4.82

T S S S T 4  '3.8017 Min.

MUSGSl
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Peak Ground Motion Acceleration (PGA) of the 11 March 2011 Tohoku M=9.0 earthquake

Maximum PGA of 2.7g was recorded at Miyagi Prefecture

Erol Kalkan & Volkan Sevilgen (USGS) 
March 17, 2011



Peak Ground Motion Acceleration (PGA) of the 11 March 2011 Tohoku M=9.0 earthquake
Tokyo Metropolitan and its surroundings

138 139 140 138 139 140 138 139 140

Peak Ground 
Acceleration (g)

3 

1

0.3 

0.1 

0.03 

0.01 

0.003 

0.0001

Population Density (Landscan) Strong motion stations
Longitude(°)

Maximum PGA of 0.16g was recorded at Tokyo Metropolitan

March 17, 2011 
Erol Kalkan & Volkan Sevilgen (USGS)



Tohoku, Japan Earthquake: Aftershock (and Foreshock) 
Sequence, 03/08/11 - 03/16/11

Slab Contours from Siabl.Q, every 20 km

140' 144' 03/09 03/11 03/13 03/15 03/17 03/19

Date (Month/Day)

2USGS

Note that the magnitudes of the 2011/03/11 06:15 (Mw 7.9) and 2011/03/11 06:25 (Mw 7.7) aftershocks were 
updated from earlier, lower estimates. Updates occurred on 03/16 and 03/18, respectively.



Tohoku, Japan Earthquake: Aftershock (and Foreshock) 
Sequence, M:Time History

Date (Month/Day)



Tohoku, Japan Earthquake: Tectonic Summary

The magnitude 9.0 Tohoku earthquake on March 11, 
2011, which occurred near the northeast coast of 
Honshu, Japan, resulted from thrust faulting on or 
near the subduction zone plate boundary between the 
Pacific and North America plates. At the latitude of 
this earthquake, the Pacific plate moves approximately 
westwards with respect to the North America plate at 
a rate of 83 mm/yr, and begins its westward descent 
beneath Japan at the Japan Trench.

The location, depth, and focal mechanism of the March 
11 earthquake are consistent with the event having 
occurred on the subduction zone plate boundary.

Modeling of the rupture of this earthquake (red 
shading, approx.) indicate that the fault moved 
upwards of 30-40 m, and slipped over an area 
approximately 300 km long (along-strike) by 150 km 
wide (in the down-dip direction). The rupture zone is 
roughly centered on the earthquake epicenter along- 
strike, while peak slips were up-dip of the hypocenter, 
towards the Japan Trench axis. The March 11 
earthquake was preceded by a series of large 
foreshocks over the previous two days, beginning on 
March 9 th with a M 7.2 event approximately 40 km 
from the epicenter of the March 11 earthquake, and 
continuing with another three earthquakes greater 
than M 6 on the same day. 130° 131° 132° 133° 134° 135° 136° 137° 138° 139° 140° 141° 142° 143° 144° 145° 146° 147° 148° 149° 150°



Japan Regional Seismicity, 1900-2007 
USGS Poster/Open File Report 2010-1083-D
^USGS
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Tohoku, Japan Earthquake: Summary Poster 
USGS V1 - 4.5 hrs after OT
:USGS

M8.9 Near the East Coast of Honshu, Japan of March 11th, 2011
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Tohoku, Japan Earthquake: Summary Poster 
USGS Current Version
USGS

The M9.0 Great Tohoku Earthquake (northeast Honshu, Japan) of March 11, 2011 C iS N
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Tohoku, Japan Earthquake: Source 
Region Slah Geometry
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Tohoku, Japan Earthquake: Source 
Region Slab Geometry
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Tohoku, Japan Earthquake: Moment Tensor Solutions 
(Faulting Mechanisms)

USGS R esearch  Centroid 
M om ent Tensor 
Mw 8.9
D istributed ~34 m inutes  
after OT
(Jascha Polet, Cal Poly Pomona)

global Centroid M om ent 
Tensor V1 
Mw 9.1
R eleased  7 hrs after OT

USGS W-Phase V1 
Mw 8.9
R eleased  1 hr after OT

global Centroid M om ent 
Tensor V2 
Mw 9.1
R eleased  ~ 3 days after OT

USGS W -Phase V2 
Mw 9.0
R eleased  6 hrs after OT

Earthquake R esearch  
Institute, Japan, CMT V1 
Mw 9.0



Tohoku, Japan Earthquake: Source 
Region Slab Geometry
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Tohoku, Japan Earthquake: Moment Tensor Analysis 
Dip/Depth Sensitivity

NEIC Epicenter
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Tohoku, Japan Earthquake: Moment Tensor Analysis 
Dip/Depth Sensitivity
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Tohoku, Japan Earthquake: Moment Tensor Analysis 
Dip/Depth Sensitivity
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Tohoku, Japan Earthquake: Finite Fault Model ^USGS

USGS V1 - 7 hrs after OT

Compact rupture, m ostly  
bilateral about epicenter, peak  
slip up dip o f hypocenter.

Rupture w as likely  restricted  
to the shallow  trench, and GPS 
vectors suggest slip did not 
reach  the plate boundary  
beneath  the coastline.

Peak slips closer to 30+ m, 
inferred from  updated  
m odeling.
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Hokkaido *

Finite Fault M odel USGS V1 
Comparison w ith  locking  
estim ates (H ashim oto et al. 
2 0 0 9 , Nat. Geo.)

NATURE GEOSCIENCE DOI: 10.1038/NGE0421
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Tohoku, Japan Earthquake: Population Exposure & 
Shaking Intensities vs Slab Geometry & Slip Extent
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Note that slip during 
the earthquake likely 
did not extend to the 
depths of the plate 
boundary directly 
under the Japan 
coastline as shown 
here, because GPS data 
indicate that the 
coastline moved down 
coseismically.
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Tohoku, Japan Earthquake: Finite Fault Model
USGS Y 2 - 2011 /0 3 /18 *

Updated m odeling show s peak  
slips of 30+ m, depending on  
th e param eterization  of 
rupture velocity. This updated  
m odel show s peak slip of ~32 
m, using a range of rupture  
velocity  from  1.25 - 3 km /s.

M odels w ith  constant rupture  
velocity  show  slips of 4 0 -5 0  m, 
all at shallow  depths. This m ay  
im ply th at the up-dip nature of 
rupture is  w ell resolved, but 
peak slips are not.

‘Low’ slip regions near the  
fault edges, and fault base, are 
also poorly resolved.
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Tohoku, Japan Earthquake: Finite Fault Model 
U. California, Santa Barbara

2USGS

Mivasy
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Version 1 
NEIC H ypocenter

Version 2  
JM A H ypocenter  
(5 0  km  ESE)

Version 3
Body & Surface Waves 
realigned using  the  
0 3 /0 9 /2 0 1 1  Mw 7.3 
foreshock.

Figures courtesy of Guangfu Shao, U. California, Santa Barbara



Tohoku, Japan Earthquake: GPS Displacements 
Geospatial Information Authority of Japan

^USGS
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Tohoku, Japan Earthquake: Other Groups

M any groups have published (on line) slip m odels for th is earthquake; below  is a list  
of som e of th ese  (note th is is not com plete):

Geospatial Inform ation Authority, Japan  (using  regional GPS data): 
http://w w w .gsi.go.jp /cais/topic110315-index-e.htm l

Charles Ammon, Penn State; Thorne Lay, UCSC; Hiroo Kanamori, Caltech: 
http://eqseis.geosc.psu .edu/~cam m on/Japan2011E Q /

Caltech Tectonics Observatory: 
http ://tecton ics.ca ltech .edu /slip  h isto ry /

Yuji Yagi, Naoki N ishim ura, U niversity  of Tsukuba: 
http://w w w .geol.tsukuba.ac.jp/~yagi-y/EQ /Tohoku/

For a m ore com prehensive list of m odels, and resu lts from  other analyses, see the  
special IRIS website:
http ://w w w .iris.ed u /new s/events/japan2011 /

http://www.gsi.go.jp/cais/topic110315-index-e.html
http://eqseis.geosc.psu.edu/~cammon/Japan2011EQ/
http://tectonics.caltech.edu/slip_history/
http://www.geol.tsukuba.ac.jp/~yagi-y/EQ/Tohoku/
http://www.iris.edu/news/events/japan2011_/


A History Of Large Earthquakes

Chile

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
Year

Data: USGS PAGERCAT 1900-2008, USGS-NEIC & gCMT 2008-present 

Figure courtesy of Charles Ammon, after Ammon et al., SRL, 2010


