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• 	Search	for	gravity	data	

a)  	Very	Large	earthquakes:		
		Sumatra	(9.3;	26/12/04),	Chile-Maule	(8.8;	27/02/2010),	Japan-Tohoku	(9.0:-;	11/03/2011)	
b)	Instruments:	SuperconducHng	gravimeter,	very	broadband	seismometers	STS1	

Outline:	The	story	and	the	approach	

• 	Sta<c	and	transient	gravity	anomalies	(Okubo,	1991,	1992;	
	 	 	 	Imanishi	et	al.,	2004)		
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• 	The	choice	of	Kamioka	SG	data	

• 	Search	for	a		prompt	gravity	signal	
• 	Sta<s<cal	tests			
• 	Broadband	F-Net	data	
• Perspec<ves	and	ongoing	projects		
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			offset	related	to	the	source	mass	redistribu<on	

Instantaneous:	EEWS?	

Δ	≈	90°	(≈10	000km)	



Two	basic	effects:	
-Mass	redistribuHon		-			(ρ0u)	
-Free	air	gravity	anomaly		
(perturbaHon	of	the	Earth	surface)	

Δ	

Gravity	perturbaHons	induced	by	earthquakes	

TheoreHcal	Approach		
-direct	numerical	calculaHons:		
		(Harms	et	al.,	GJI,	2015,	2016)	
-Normal	mode	Theory	(Juhel	et	al.,	2017)	



Static gravity changes induced by earthquakes measured 
•  Ground-based	staHons:	SuperconducHng	
gravimeters	aier	large	earthquakes			

	(2003	M=8.0	Tokachi-oki	earthquake)	

Imanishi	et	al.	(Science,	2004)	

Matsuo	and	Heki	(2011)	

• 	GRACE	/	GOCE	satellites		
gravity	changes	aier	versus	before	large	
earthquakes	(2011		M9.0	Tohoku-oki	earthquake)	



- 	Not	far	from	Tohoku	earthquake	epicenter	(~500km)	

- 	Excellent	staHon	(installed	in	a	mine)	with	a	low	noise	level		
	(1nGal	=	10-11	m/s2)	

- 	SuperconducHng	gravimeters	are	so	far	the	best	instruments	measuring	
		the	Earth	gravity	field	

- 	StaHon	operated	in	the	framework	of	GGP	(Global	Geodynamics	Project)	

- 	ConHnuous	data	recording	at	1sps	(1Hz),	on	contrast	with	other	SG	instruments	(1spm	≈	0.0167Hz)		

- 	Data	easily	accessible	(thanks	to	Dr.	Tamiura)	



Transient gravity changes induced by earthquakes? 
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SG	data	at	Kamioka	Observatory	
≈500	km	from	the	Tohoku	epicenter	

Time	(seconds	from	March	9th	2011	00:000:00)			3	days	span	

≈30-40%	moment	release	
up	to	60s	(Wei	et	al.,	2012))	

Preshock	
March	9	

Mainshock	
March	11	

P-waves	arrive	
68s	aier	teq	



Superconducting gravimeter data during the March 11th 2011 
Tohoku earthquake 
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Superconducting gravimeter data during the March 11th 2011 
Tohoku earthquake 
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SG	data	at	Kamioka	Observatory	
≈500	km	from	the	Tohoku	epicenter	
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CorrecHons	from	Tides	and	
pressure	variaHons	
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Polynomial	Curve	FiBng	Analysis	

Kamioka	Observatory		
Tohoku	Earthquake	(11/03/2011)	

Sta<s<cal	Tests:	Blind	Test	



’Blind’	Sta<s<cal	detec<on	procedure	



’Blind’	Sta<s<cal	detec<on	procedure	







Not	Gaussian	distribuHon:	Many	outliers	



teq	

Time	window	before	Tohoku	earthquake:	
	L=690s,	N=2,	sliding	average	30s	
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     Conclusions: 
from Gravity field to Earthquake Early Warning Systems 

-DetecHon	of	a	prompt	
gravity	signal	
Very,	very	small	

-DetecHon	at	Kamioka	
(SuperconducHng	gravimeter)	
≈-0.2-0.3µGal	at	500km	
Just	above	the	detecHon	
threshold	
-	And	in	VBB	Japanese	staHons	

-Need	for	new	gravity		
Instruments	(TOBA,	Atom		
interferometers,	….)	
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     Conclusions: 
from gravitational waves to Earthquake Early Warning Systems 

THANK	YOU	
FOR	YOUR	
ATTENTION	

Search	and	evidence	for	a	gravity	signal		
associated	with	the	Japan	Tohoku-oki	earthquake	
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