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Automatic earthquake locating using characteristic functions in a source scanning method
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Objective Synthetic Test Results Field Data Test Results for scanning 215 events

Microearthquakes are small magnitude earthquakes (M<2) that ® |t takes 1 min to compute on a 3.5 GHz, 6-core Intel Xeon E5 ® 3-component field data (5 min long) recorded by 18 stations in ® Compare SSA results with reference results determined by auto-
often occur in clusters with large numbers of events. Our goal is to machine with 32 GB RAM fora 16 km x 16 km x 16 km x 4 sec the SIL Network at Reykjanes Peninsula, SW Iceland (Figure 3). picking and manual correction (Liu, 2013).
find an automatic method that can efficiently and accurately find grid with grid spacing 0.5 km, 0.1 s. ® 215 events (M<2) during Aug. 2010 ~ Dec. 2011. ® ST/LT, RP/LP, ST/LT-CECM, and RP/LP-CECM can locate 80% of the
the location and timing of this type of events. ® The CFs involving ST/LT are more stable at high noise levels. ® Simplified 1D velocity model from Liu (2013). source with maximum error 2.7 km.
® Considering polarization gives more robust results for stochastic ® SSA grid spacing 0.5 km, 0.1 s. ® ST/LT and RP/LP agree slightly better with the reference than
“ seismic noise (Figure 2). their combined version: Because human’s eyes are more
g v T sensitive to changes in amplitude in time.
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® \We use a waveform-based method: Source Scanning Algorithm (a) Stacking CFs _— Ei,i“ﬁ o (a) Staclf:jng CFs that p—— 5 P — ® ST/LT-CECM and RP/LP-CECM have the smallest deviation and
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(SSA). (Kao & Shan, 2004; Grigoli et al., 2013) L:a:::s::i':ﬁr — ST/LT-CECM amplitude in time: E{Et; £8 - the fewest outliers (i.e. events with differences > 6 km or > 0.5 s)
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® We e>$plore stackn‘wg several d|ffergnt types of Characteristic ~— RP/LP-CECM . ¥ e B | (Figure 4 and 5).
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Figure 1. The CFs calculated on an example 3-component seismogram. ) ) “W
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» Multi-scaled CF. comparison method (agano et al. 1589) ' : Ol_s :j; O:B fjg: D'_g : Figure 6. (Upper right.) Wayeform alignment for the example event using ST/LT-CECM
» Combine CF by multlpllcatlon. ° ST/LT: Short-term (ST) Vs Iong term I a o e g v : (+ is the modelled arrival time based on the solution).
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® Procedure: (erigolietal. 2013) time WindOW gahradnic et al, 2015) 1z - - L ® Using CFs in SSA provides us with more flexibility and reliability
1. Calculate the Travel Time Model. ® ST*LT: The cross-correlation 1z - }i = Combined in location problems with large event numbers and small event
2. Calculate the CFs. coefficient between ST and LT wasin - 8 g Methods magnitudes.
3. Calculate the Brightness Matrices (Br). and Malcolm, 2016) ! 12 o0 420 e e 430 300 12 D D e o 50 500 12 R ® \We can tailor a customized CF with various waveform
\ Easting (2km/tick) Easting (2km/tick) Easting (2km/tick) l .. .
- ~N Table 1. Abbreviations for the Characteristic o fw0la@-06m (G040 (00,00, 06k dteo=-0.25, dr-13km  (dx, dy, d2) = (0.5, -0.5, 11k ti0=-0.35, dr=2.0km  (dv,dy, d2) = (0.0, 05, 2.9km characteristics and frequency ranges to focus on the target signal
For (X, ¥, Z4, £): Functions (CFs). we are interested in.
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Define the grid. » Sum uE) tI]1e Values on the CFs , - . p - N ® The combined CF: ST/LT-CECM and RP/LP-CECM provide
(%3,21) at theoretical arrival times ! CECM o | | ST/LT ° ¢ ! advantages in:
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Find the onset of maximum * / = R — I = 2 reduce human-bias.
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. Epicenter = argmax ( Bryy;, ) R : \ I . N o Wl o ; Use master events to update the velocity model and look at focal
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