
Seismic array
• Backazimuth

• Apparent velocity

Forward correction 

of site amplification

landsea

bedrock

Prediction point

Data 

Assimilation 

Simulation of wave 

propagation 

Inverse collection 

of site 

amplification

Array observation

for direction and 

apparent velocity

ECGS & ESC/EAEE Joint Workshop: Earthquake and Induced Multi-Risk Early Warning and Rapid Response

Array observation of strong ground motion

for estimating current wavefield in real time
Masashi Ogiso (mogiso@mri-jma.go.jp), Naoki Hayashimoto, Mitsuyuki Hoshiba

(Meteorological Research Institute, Japan Meteorological Agency, Tsukuba, Japan)

Background
• Next generation of Earthquake early 

warning: predict ground motion directly 

from observed wavefield

• Observed wavefield: amplitude distribution 

in dence seismic network (Hoshiba and Aoki, 

2015)

• Other observations?

Challenges
• Evaluation of observation

• Effective calculation

• Application in EEW: calculation in 

real time (within 1 s)

Array network information

Place Premises of our institute

Seismometer
Tokyo Sokushin CV-374

Accelerometer

Sampling frequency
500Hz

record continuous waveform

Measurement range ±2000gal

Seismometer

location

Pier (204)

20cm buried (208)

floor of the building (others)

203 206207

208

205

204

Calculation of backazimuth

and apparent velocity
• Semblance (Neidell and Taner, 1971)

• Effective grid search: Oct-tree Search 

(Lomax et al., 2009)
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Definition of evaluation function:

semblance × grid size

Coefficient  determines whether 

global or local search precedes.
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The grid which have large evaluation function are subdivided into 4 grids 

and evaluation function is calculated in each grid. Calculation ends when 

number of grids exceeds its limit.

STDOUT every 1 s block 

from waveform files

BPF and azimuthal 

correction

Semblance calculation

(3 comp. in parallel)

NS EW UD

Observed waveforms and 

semblance calculation
• 2014/11/22 Northern Nagano eq. (Mw 6.3) 

Methods of anomaly correction
• Static correction

• Travel time differences between assumed velocity model and observations

• Dip layer correction

• Affects local earthquakes as well as regional to teleseismic earthquake (e.g. Meng et al., 2014)

• From model to observation: Niazi (1966)

conduct grid search of strike and dip amount at the top of seismic bedrock

seismic basement: Vp=4.8km/s, Vs=2.84km/s

sedimental layer: Vp=2.0km/s, Vs=0.50km/s

• From observation to model: Maki et al. (1987); Hao and Zheng (2010)

• High semblance in UD comp. when 

P wave arrived

• Relatively high semblance in 

horizontal comp. when S wave 

arrived

• Low semblance in coda part 

(especially S coda)

• Backazimuth were not consistent 

with catalogue value

Comparison between two correction methods

Summary
• High sampling seismic array observation for 

estimating current wavefield

• Real time calculation: every 1 s calculation 

using 4 s time window

• Backazimuth anomalies: can be interpreted 

that caused by subsurface structure

• Correction of anomalies are needed for 

estimating current wavefield, either static or 

dip layer correction

• Application to the real time ground motion 

prediction

• Evacuation of observation error

• Data assimilation technique
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• Comparison with catalogue (S wave)

Anomalies of backazimuth and apparent velocity

Estimated from UD comp at 

Initial P-wave

Estimated from Horizontal 

comp at initial S-wave

Regional distribution of 

backazimuth anomalies (S wave)

clear azimuthal 

dependency

2-4Hz S

Early arrivals at southern stations 

(203 and 207)

No correction Static correction Dip layer correction
No correction Static correction Dip layer correction

Array response at 2 Hz

NS EW UD

P P P

P P P

S S S

S S S

No obvious 

differences

OS: Linux 3.4.16

CPU: Core i7-4770 3.4GHz

Compiler: gcc 4.4.5 no optimization

Maximum number of grids: 4000

Minimum grid size: about 0.015

500Hz×4 s ×6 stations:

Time: about 0.8 s in total

• Initial P-wave polarization anomalies at K-NET 

station IBR011 

2-4Hz P IBR011 P

Polarization anomalies at IBR011 has similar trend to 

those of array

Backazimuth anomalies are caused by not site effect

but subsurface structure beneath the array site

2-4Hz S2-4Hz P
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8.4km

Strike 69 deg., Dip 9 deg.

A
p

p
a
re

n
t 

v
e
lo

ci
ty

fr
o

m
 c

a
ta

lo
g

u
e

B
a
ck

a
zi

m
u

th

fr
o

m
 c

a
ta

lo
g

u
e

2-4Hz S 2-4Hz S 2-4Hz S

Poster 6

Velocity structure around array

(Cho et al., 2006)

• 2014/11/22 Northern Nagano eq. (Mw 6.3)


