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Kumamoto earthquake:
a complex earthquake sequence
with large strike-slip ruptures

Koji Okumura (Hiroshima University)
kojiok@hiroshima-u.ac.|p

http://home.hiroshima-u.ac.jp/kojiok/kumamoto2016KOreport2.pdf
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1. Overview

Mw 6.1 foreshock on Apr. 14 + Mw 7.0 mainshock on
16.

Maximum JMA intensity 7 during both shocks.

1.61 g PGA and 1.35 g PGA at Mashiki Town
respectively.

49 killed, 1 missing, and ~1000 wounded.
34 km long surface rupture along a mostly known faul

Limitations on hazard and ground motion forecasts.
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1. Tectonics and Geologic Setting
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2. Earthquakes

Mw 6.1 foreshock at 21:26 JST on Apr. 14, 2016
Mw 7.0 mainshock on 01:25 JST on Apr. 16, 2016

JMA intensity 7 out of 7 at Mashiki Town during both
shocks.

1.61 g PGA during the Mw 6.1 foreshock at Mashiki
Town

1.35 g PGA during the Mw 7.0 mainshock at Mashiki
Town



Exposed population

to JMA Intensity scale
6+ and 7 (> MMI ViiI~IX)
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4. Crustal Movements
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5. Surface faulting associated with Mw 7.0 mainshock

34 km long surface rupture along a mostly mapped
fault.

First quasi-perfect surface rupture (=source fault) since
1930.

1995: 15 km on Awaiji island out of 45 km source.

2004: Suspicious 15 cm short rupture in Chuetsu
Eq.

2008: Discontinuous ~30 cm ruptures in lwate-
Miyagi Eq.

2014: ~0.9 m slip by a Mw 6.2 on 9 km length of
ISTL.



opad 131712
131700 131°06 33°00'

o - .-*“.. s
A ey Y s |
Temas, ':‘/‘ - v~ “r

r p J . - 2 3 ,' / 0 ®
| B Ay , {7 | 32'54'
AR A 1 S - . A - /
' 7 vy ZLP o T e, T . . > . L ey T 4 ./ { A >

: ” 3 y - - 3 /- ) . : ; f 1 » ‘ y

L ’ A ’ A Lz a Vi L 4 $- -"v» % . i g < - e A = 90 7 ! v e 4 '

. ’ S e b ot A 53 " . b ] P e - 2L A% % ; " = v/
# X = - i' iy 1 w N s ] A~y I P - )
- ' . 3 ) - t 3 e -

3254 ‘ o <3 - . PP ” - )

1 4 T ey, £ I ST A

: ’ . : gt ’ A — 1

. Ly g g ’ - 5 - '
A b L —— . . AN U e 3 . oy 3248

; ’ > ’ } Y ) > . -’ - ‘3 [ s > £ 7

. - . / . y 3 " s . 4 -
- r 4 - - » A . -7, . . 5 / ” b N i v e o :
” - g a4 g fo W y - y o 2]~ - '
/ , Lt ’ L s - o 4 o ’ 0 o =
- ' 'L P x 4 Pt it . s sy > A g ") v -
32'48' | - _g e T A 4

. - ° ~ ! 4 "
. ! o ~¢ - . . s il - =
¥ ; . . & e Vs 17 . - o ! » ! ” ‘ > , 32 42!
- - ' =g% Ky M : % - - - . ‘ -t : / / A‘._ -‘,v,’ O/ ‘/' I~ _.l‘, 9 . g 4’ ;
32°42" - ‘ P b B e i : , N

. 4 AN - y - ’.‘1
4 %~} A'-" ./ p _’I :_I’r” s - X ’ll =2
. - o - - ' . -

- -- 32.%'
v : £ - S 131°12'
. ; s : = . AN 131700 131706
3236. ® 1&‘48' 130 54
130°36' 130742




ﬁﬁ@k%”%ﬂﬂiﬁ‘ﬁ%@{w

- ERENE

—
o < BEUAmEEEAR
40-50 cm

/ SEHE (BHEEHER)

s

Mashlkl Town

o> AATINTT D VNS e

= moernns), BEREGESHRR

GEOLOOGICAL SURVEY OF JAPAN 7

G HRmEgA LYy~
e (Q?@:tWeb)fEﬁ |

;g' :

ﬁfiﬁmiﬁﬁﬁtﬁﬁi{ﬁﬂk%‘3’5‘6$1&®it¥%<‘:
ﬁi&itui@a‘ﬁiﬁﬂﬁﬁ@b‘ﬂiiﬁbto '
-AcRIDERR S ARRIDRAETOHEIEBICHH
o D TEMUBNHDLHET S, .
- FRIOERISETRICHERL, MENERY
%, Ele. TR RE B Z 3.
*ZTNZNOERRIEICRAIOE BT TR
L. ZTTARZMAE2.2mEFF D,
‘BRI FTCHRUERRE . SEIDM
\ RETE O RN BB —ET 5.

‘ B MU

0 02 04 08 12 16 2
c—:—:km

1 30"49

130°50°

130°51 130752

Shirahama et al., Geological Survey of Japan




...Ir..s
b — e Yo
Ay

./-

=

®

Q.
1]

J
L

o

2
—

S

-
(/)

m

O

(o))
-

o

)
o
®

vl

)

®

£

©
i -

1]
..
i =
N




Lol N
A Mo 4
V)

RO L -ﬂﬂ@' S Ao O
o R %@»“wj £
B SO (7 BT B

a0

e » A S T : 3 -
Aot 2 2 5 P YA .:,g
. *‘:""‘? . h ' ,ﬁ." < - e %/W

v Loy :
I e







T TN LN
- -

T2




.201?/11/14 0:38

0

0eo

e

32°50'29.00° N 130°55'S4.91° € @K 250m X 377m ()

WRRNE: 2016/4/16

P "

Faulted earth dam at Nishihara. Yoshimi et al., GS Japan



V) 7 T RMR R

fiéttnéd hu

ifference

iond

o
o
0
-m
>
S
0
0
o
-
0
q
e
»
g
>
2
o
©
£
©
ﬁ
c
0
o
&
T
14
g
2
r
3
o
=
o
g
10
1
=
a
g

ihREDORE
Elevat

hRAIDMRE

HhRRIC & 2K FEE
(HRThOBA)




i ) I

. . & At St ~d
3 " v, e R - L - -
A T e ho P L

http://www.ajiko.co.jp/article/detail/lD56J145Y2D/#v02 Asia Aero Service Co.



http://www.ajiko.co.jp/article/detail/ID56JI45Y2D/#v02

"y & a
» L. ~*
\_ .\"‘:ﬂ

http://www.ajiko.co.jp/article/detail/lD56J145Y2D/#v02 Asia Aero Service Co.


http://www.ajiko.co.jp/article/detail/ID56JI45Y2D/#v02

A

. " b . _ y . S s o B VI . . - "' )
AN TRt ot I 20 L V- 2 ’
e i R R R A e
- -/:...' . -y -

:

od PRI — -
- P e, ki A
"\?ﬂ,\ﬂ $_.‘ - P

bfl’,;‘;d I e S

o
-

-~

",
- N - e
LRI
YUV ‘. A
v'.:v\\"":\i )

-

A-' -
s

\
8

~

(s D RNy

RGPy
£ S
- < T I'

T TR ad T AN ] ;

SN " et : 2 X R PV ";h,.’ xS e ‘e .
N7 s e .v\.':b’ ;“"’.{f;‘,'.\;“? R s P et a2 P Sa*'--t..- Jipﬁt%gfﬂ‘}i&:’jy
‘.ﬂ::-v;;fan LR O AN AN R S S AT L N DS e BT ¥

South-side-down master fault at loc. A.

h
[ Ty
- o




"y & a
» L. ~*
\_ .\"‘:ﬂ

http://www.ajiko.co.jp/article/detail/lD56J145Y2D/#v02 Asia Aero Service Co.


http://www.ajiko.co.jp/article/detail/ID56JI45Y2D/#v02

~

ra 4

. 3 “id » .‘ b . = = ll‘ e rAvS o™ . A
™ e e o R Lomintv K - o N |
AL R ) :'-:;’Sr"b (P e LA 2Ry

N = o AT i -
S VIR © N S e et R N LA v

.

Deformed (or flexures) paddy at loc. B



'ca,l’.’_ e &
P n TSRl

i,

—
<

y B . 5 \ » - : S5’

- d ‘4',_,__—.%‘. . \__.—._.V ..,f‘\_ D . b o - :

_,:,' ';“33:;, wﬁ'(’ %mf r» i -~ ~— NN . : . . o 'x"

e R T T e e IR A .,oo_..."\.':i Cgapr Y2, - ;. > A N

e 1 ' 3> R
-~

N ? ; T ’.ZA-_\__\ -‘? JQ‘:

-
- I
e |

B AT :';"'“."--'""‘". N

~'.'_-\-_“‘= - '.--_4\,- - -{‘Fv‘:‘ {% o ¢ B

. . AT 2 : ﬂ):.w".‘ﬁcw"}" "f,}!_-:..,ff' T

il : MRS A AT T : " e S A I W : oV I ey N 7

e e e g e e : R P > B : e LA o ‘-:‘-s’,’%.‘gv P \,

~ N o o Ay A ey y - ’ . B R do—= 8, 4
. .

S e’ YR . s _‘ e ‘._:;, . AR w-, o r 8 ol = “\-_' _— N i - ‘g_ - L : .Q-/_’J.’:?f:’-"" Tow . % NP ~ (3_".‘.
Ay b sl A8 e SO s R - : A
e e | S s e b AN e o A AR EE A S e R
~ TR BE e S nntaa -~ '1’65:--;:.“':-_'7--' _-X:.!;;:_;;..;‘..'-;T' A S AR s S i
. s dated - s‘ - b _ -~ .....;“ -

TLN AN

—A— e
e PR = -

P W e e e — e gy 2

S 3 -

‘l
- J >
. N
e - s
" AN s o A .
Y V2 e s ,

- - < . y o .-

: e«

- D SR Gl e o
('. %:i{f(v'— "_J. ‘a‘?f:;‘_-.?"

X = G EE O b

' e ety ,. r'\fq
p{:%‘.l}h e

- - s ..J 4 r z
o] S 2 o = .
> > \ ;

T AT .,.'?‘.' By e 2

< _' ) _¢

3 o

T AR

Vs é.;‘? AN o

s '.-‘;tf’:\‘( - \'::,.'é\‘o‘g'# SN
oA ? AT

- ¢ &b =

)"..\,i‘ _:{;“:\r,‘x.f;{,‘{?,.‘ - LG VEe ) : - ’

A A B e Ay \%‘ Sy iﬁ& SIS

SR S o TR 2, e P

. o Soa Ao -
IR | N ey .\‘ﬁ‘.‘:"‘

Deformed (or flexures) paddy at loc. B

e
o

i




S -\...
.,WW&.E. ,
,..M..‘* w1 '.r W AN

S p e

> ~ X

< .ﬂt—w .. An_.. X
ey Nha L,

\.\.N’ b & AR

. LTS
S
z

(. > N Y o b s > s ACE ‘4 i 7 .., < 10
A S22 \ : ¢ v o LN At ., -~ L - ....
R I e s o
] e P -5 % Y - y e 'y A A AL S al oy, -
R St sy TR i e M A eE .ﬁ,.,.,..m b
N s N SR R D \y

W Yy &0 .Mr -
4..‘#,..‘.,
__. .. m\.» A".....

(o1]
0
0
)
®
L
o)
e
=
o
/4
Q
O
-
(-
(o)
2
v
Q
L
g
il
(/¢
©
-
0
-
8
i
-
Q
d




ﬁﬁ@k%”%ﬂﬂiﬁ‘ﬁ%@{w

- ERENE

—
o < BEUAmEEEAR
40-50 cm

/ SEHE (BHEEHER)

s

Mashlkl Town

o> AATINTT D VNS e

= moernns), BEREGESHRR

GEOLOOGICAL SURVEY OF JAPAN 7

G HRmEgA LYy~
e (Q?@:tWeb)fEﬁ |

;g' :

O BT H AR IR IS DR S
ﬁi&i(:itgﬁitﬁﬂﬁﬁ@ﬁ‘ﬂiiﬁbho '
-AcRIDERR S ARRIDRAETOHEIEBICHH
o D TERUBDHD L GHRT B, .
- FRIOERISETRICHERL, MENERY
%, Ele. TR RE B Z 3.
*ZTNZNOERRIEICRAIOE BT TR
L. ZTTARZMAE2.2mEFF D,
‘BRI FTCHRUERRE . SEIDM
\ RETE O RN BB —ET 5.

‘ B MU

0 02 04 08 12 16 2
c—:—:km

1 30"49

130°50°

130°51 130752

Shirahama et al., Geological Survey of Japan




Kumahara et al.




LR )
L
e /4

R




131706 131712

32'48"

3042 |

32°36'
130°36'

S¢

gt /4
it
;

Eb

7 s s : Y
it o sl i =T i
Takano-Shirahata:S

Lo

" y - s -~
'-

” A
/"T,.'"'

. %'w\

.,.-:.—:/---’.“"';/j L ¥
v~ fb - "4’4_- -""_ ;

>
o T

’ o J/ -
*"‘éﬁz'i‘/%,., :

™)
SR AL
S
= af ". : -

Al
"'.' .

) -
-5

il '/. e -
‘: y . . "ﬂ’
a‘ '[
” '

P A Ot I CI i iy ARt
] : P - - . . .-

' | : A = 32'36'
130'54° 13100 131°06' 13112




: ,‘
'/.’ { 5&’»‘
= (,_",'H 2;; p e

.

. _ [ |
4 AT
l' :

2 [A0F BRKIE+SBRT-HSANAM rrempre wosimcas e LIS dary

Previously unmapped fault across Aso caldera-rim.




TURAE

-
l_

e BBOTNSHERCEN

- ".ﬂt

. . VT
4 BT - P
AR e

-
[«
d
=
)
Q
=
-
(«}
s
=
=
0N
- Q
A
L)
S
)y
4
7
O




GSl| ALOS-2 InNSAR 15/APR/2015—18/APR/2016, subtle features
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6. Strong shaking at Mashiki

JMA Intensity 7 during both Mw 6.1 and 7.0.
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Mashiki Town Center
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Amplified ground motion by

-soft sediments In depression
-shallow anticline/syncline
-juxtaposition of soft and hard rocks
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8. Forecasted earthquakes from Futagawa-Hinagu
fault zone by HERP (2002 and 2013)

Futagawa forecast : M 7.0, 2 m RL offset, & 21 km
ruptures.

Actual: M 7.3, 2.2 m RL offset, and 28 + 6 km ruptures.

Hinagu forecast: M 6.8, , 2 m, 16 km on the

northernmost segment

Actual: Mw 6.1 ruptured deeper part for ~12 km.
Mw 7.0 ruptured to the surface, 30 cm, 6

km.
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8. Conditional probability of ‘characteristic’
earthquake

30 yr conditional probability : 0 to 0.9 % (rather high).
>> Low probability owing to long interval, large
variance.

Two events at 1200 - 6900 BP and 23000 - 26000 BP
Recurrence interval: 8100 to 26000 years.

There are missing events In geologic records.

No record from the main part of the Futagawa fault.

Temporal clustering is another way of explanation.



8. Conditional probability of ‘characteristic’
earthquake

Insufficient data for reliable forecast on Futagawa
fault.

Low probability does not mean the event would not
occur.

Limitation of the long-term hazard forecast was
obvious.

However, the public are not informed of the limitation.

The local governments were informed of the risks
form the Futagawa-Hinaqgu fault zone, but local
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