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Outlines Outlines 

• Borehole strain data processing 

• Strain responses to environmental disturbances 

• Relations between precipitation-induced strain and 
tectonic-origin motions 

• Borehole strain recorded during the 2013 Mw 6.2 Ruisui, 
Taiwan EQ 

• Precursory strain and earthquake nucleation 
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Seismicity and fault coupling on the Longitudinal Valley fault 

 (Chung et al., 2008)  (Thomas et al., 2014) 
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Sacks-Evertson borehole strainmeter 

Dilatometer 
3-component 

Expansive grout 

Dilatometer 3-componentt 

Installation 

in collaboration with the DTM, 
Carnegie institution of Washington 



Sensitivities of borehole strainmeter 



 
Borehole strainmeter data 
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Data processing 

(Hsu et al., 2015) 



Strainmeter calibration and tidal responses 

SPOTL (Agnew, 1996) 

Baytap08 (Tamura and Agnew, 2008) 

   Estimate strains of M2 and O1 tides produced by the solid Earth tides  
   and the ocean loading 

• Using a Bayesian modeling procedure to analyze time series that 
     contain both tidal and other variations 
• Estimate tide and air pressure responses to strain data 

 

M2/O1 (Period:12.4206/25.8194 hour) 
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Strainmeter calibration using long-period surface waves 
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50-s surface waves 
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Peak-to-peak Counts : 11975:11835:14879:105420 
Waveform admittance :  1.00 : 1.01 : 0.80 : 0.11 
Tidal admittance            :  1.00 : 1.18 : 0.61 : 0.13 

Outlines 



The strainmeter response to barometric pressure 

-1~-4 (nanostrain/hPa=nε/hPa) 



HGSB 

30~100 nanostrain/ 1 m 

The strainmeter response to ground water variations 
Rainfall (mm/day) 
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State-Space Model 

raw     de-trend 

Response of barometric pressure 
 
 

 
Response of the Earth tides 

 
 
 

Response of rainfall 
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 Decompose data with a state-space model 

Barometric pressure: -1~-3 nε/hPa;  GW:  -0.3~-1.0 nε/hPa;  Rainfall: -5.1 nε/hPa 
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 Effect of pore-fluid flow on a dilatometer response 

(Segall et al, 2003) 

Rock                + 
Strainmeter – 

Rock               – 
Strainmeter + 



Uniaxial-stress 
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 Observed                     Theoretical  

   Barometric             -1~-3 nε/hPa                 -0.7~ -1.1 nε/hPa  
     pressure                                                              (ν=0.25,G=30 GPa)                                                                            
   Ground water       -30~-100 nε/1m                 -13~-22 nε/1m 
   table                         -0.3~-1.0 nε/hPa         (ν=0.25, G=30 GPa, Ф=0.2) 

 Precipitation          -50 nε/100 mm 
                                       (-5.1 nε/hPa) 

Strain responses to environmental factors 



Relations between rainfall-induced strain, rainfall, and air pressure 



Relations between residual strain, rainfall, and air pressure 
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Cum. Rain: 290 mm 

Cum. Rain: 500 mm 

2004 Namadol Typhoon 

AP= 20 hPa  

(-280 nε) 

(-450 nε) 

(-340 nε) 
(-80 nε) 

(-70 nε) 

(+65nε) 

(Liu et al., 2009) 

(Hsu et al., 2015) 
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2005 Haitang Typhoon 

Black (trend) : Sraw– SAP – Stide– Srain 
Gray                   : Sraw 

AP= 50 hPa, Cum. Rain: 190 mm  

2009 Morakot Typhoon 
AP= 35 hPa  

Cum. Rain: 190 mm  

Cum. Rain: 220 mm  
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2013/10/31 Mw 6.2 Ruisui, Taiwan earthquake 
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2013/10/31 Mw 6.2 Ruisui earthquake 

dH : 5~40 mm dU : -20~40 mm 
HGSB (-910 nε) 

SSNB (-380) 

CHMB (-300) 

ZANB (-12) 

(Canitano et al., 2015) 
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Best source model constrained by 
the borehole strainmeter and GPS data 

nε 

Strainmeter GPS 

Strike/Dip/Rake= 
217°/48°/49° 
Slip= 0.1 m 
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Data prior to the Ruisui earthquake 
 
 
 

Barometric pressure 
ZANBAP 
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Strainmeter data prior to the Ruisui earthquake 
 
 
 De-trended 

high cut of 10 Hz 
 
 
 
 
 
 
Bandpass 
(1-10 Hz) 
Noise level 
0.1-0.01 nε 
  

(Canitano et al., 2015) 
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Estimated slip, maximal nucleation moment, 
 and maximal length of nucleation zone 

 
 S(1) GPS / S(2) Strainmeter        M=µ10-4L3 (Johnston and Linde, 2002) 

(Canitano et al., 2015) 



Detection of cracking levels during the crack propagation 

Sensor for acoustic emissions 

1. crack closure 
2. linear elastic deformation 
3. micro-crack initiation  
4. micro-crack growth 
5. micro-crack coalescence 
6. macro-crack growth 
7. macro-crack coalescence 
8. failure (Moradian Z et al., 2015) 



Summary – (1) 
 
 • The rises/drops of barometric pressure and ground water table result 

in contractional/extensional strain.  
 

• Comparisons between the observed volumetric strain response to 
barometric pressure and groundwater table variations are in good 
agreement with theoretical predictions. 
 

 
 

 

 Observed                     Theoretical  

   Barometric                  -1~-3 nε/hPa                   -0.7~ -1.1 nε/hPa  
     pressure                                                                    (ν=0.25,G=30 GPa)                                                                              
   Ground water            -30~-100 nε/1m                  -13~-22 nε/1m 
   table                              -0.3~-1.0 nε/hPa           (ν=0.25, G=30 GPa, Ф=0.2) 

Precipitation                -50 nε/100 mm 
                                            (-5.1 nε/hPa) 
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Summary – (2) 
 
 

• The majority of strain changes attributed to slow earthquakes 
seem rater to be related to environmental disturbances. 

• Strain polarity changes during passages of typhoons and significant 
residual strain after correcting environmental factors that may 
suggest influences from tectonic-origin motions.  

• Analysis of 10 seconds data prior to the Ruisui mainshock indicates 
no pre-seismic strain change emergent from the instrumental noise 
level (from 10−2 to 10−1 nε).  

• This observation sets limits on any precursory change in a 
nucleation area, taken to have dimensions of about 250-300 m 
(~1014 N-m), seconds before the mainshock. 



      Thank you for your attention 
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Calibration for 3-component strainmeter 
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