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Abstract

We have developed an easy-to-use Crustal Deformation Database (CDD) for strain, tilt and
other long-term geophysical data. WWW-based user interface is employed for operations and
the servers are connected to internet. Anyone who has internet connections and web browser,
therefore, are easily possible to refer and download data from anywhere. We have adopted the
WIN format (de facto standard format for the seismic data exchange in Japan) for data acquisition
and management, because it can treat any sampling interval data without re-sampling procedure
during data processing.

This database has following functions; 1) data drawing on the display for selected period from
1 second to 10 years, 2) data download for selected channels and period, and 3) several data
analyses, i.e., filtering, tidal analysis by BAYTAP-G program, plane strain analysis and its linkage
to seismic data.

Trial run of CDD is in operation from 2004 and 66 stations data operated by Hokkaido
University, Tohoku University, University of Tokyo, Nagoya University, Kyushu University,
Tono Research Institute of Earthquake Science, Geological Survey of Hokkaido and National
Astronomical Observatory of Japan have been stored to CDD in real time and above functions
are in use. We hope any institutions operating crustal deformation observation will join our CDD
network to establish unified CDD of Japan.

1. & U & (I

FEAFHCMEFAETC & 2 M A BB, WEEHIR (B Hz) 226 DCELETE 77 v P RIGERFEIZLD
FLERDSHIREZR S EDVKE L o T D (BIZIE, AFIEITA, 2007). LA L, ZOEREMENT— 5 ORI
WEHEEIZLTWARTOH o7, BEAWIZEEIA~BFEL Vo EHO 7T =210 LT, 77—y #OKRE L,
ZOMBNTORER T ¥ » AVOEE, A\AIWGR ) 4 ADKF (F—yiFE) 2EThs. I BEHEHO T —



48 WS - S0 fe - i - WISt - SRS - —WEs%

ZIR LT HISFEE Z oM - S ORS EHARO 5N T Wz, S5ICKERMESIE, EEoBERLoF—%
FE =TS TE TV AW ETho7r (A, 2007).

HUfE, WEBNO 7 — 7 i Tlaky:, [RET, iR ORI T — 5 2 ) TV Y A 2T B
72D Ay T =27 ThDH JDXnet BEMG SN T2 (B IZ4, 2006). £ T 20074 1 HA 5, JDXnet % Fl
FI L - i 258 7 — & il & 3BRAIC BRI L 72, BN L w2 olddeii kss, sdb ks, Waiky:, B AS
FUNKZ:, HEHERAIIFERT, dLiE B WZERr, B R CAED 8 DO Th 5. T/, duilEE K Cldin
WL TWAEREOHBLET T — 5 % ZEL, FNO5DTF—¥O—Jefbx FEZBL L7z, 2009 4 12 HBAED %
BRI D BUA T X % Figure 112, SRR OBINT— ¥ O % Table 1 (2777,

KT, Co—fbenizT— 5 2FHT L 7-DIHE L7, [ AE 7T — ¥ X—A T AT L] IZDOWTHRS.

128° 132° 136°
L L L L L L L L L
33°00' \\
44° 1
32°45'}
40° 1 3230 : .
130°00'  130°15'  130°30' @ X
36° - 36°
---------- km
32° ) - 32°
0 100 200 300
- T T
128° 132° 136° 140° 144° 148°

Fig. 1. Station distribution of strain and/or tilt meters observations participating in the trial operation of Crustal
Deformation Database (CDD) described in this paper. (a) Hokkaido University, (b) Tohoku University, (c)
National Astronomical Observatory of Japan, (d) University of Tokyo, (e) Nagoya University, (f) Kyushu
University, (g) Tono Research Institute of Earthquake Science and Nagoya University, (h) Geological Survey of
Hokkaido and Hokkaido University.
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Table 1. List of crustal deformation stations which are connected to this database. 88 sensors are installed in 66 stations.

Institution Station Type Sensor Station Number
Strain 13
Vault -
Tilt 6
Hokkaido Univ. 3component Strain 6
Borehole -
Tilt 5
Other Proton Magnetometer 1
Vault Strain 11
. 3component Strain 6
Tohoku Univ. Borehole - -
Volmetric Strain 15
Other Gravity 2
Strain 3
Vault -
. Tilt 3
Tokyo Univ. -
Strain 1
Borehole :
Tilt 1
. Vault Strain 4
Nagoya Univ. -
Borehole 4component Strain 1
Kyushu Univ. Borehole Tilt 4
NAO *! Vault Strain 1
GSH ** + Hokkaido Univ. Other Water Level 4
TRIES *? + Nagoya Univ. Borehole 4component Strain 1

*1 NAO : National Astronomical Observatory of Japan
%2 GSH : Geological Survey of Hokkaido
*3 TRIES : Tono Research Institute of Earthquake Science
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Fig. 2. Data flow of Crustal Deformation Database through JDXnet from each station to database server and

internet protocol for user connection to database server.

Table 2. Specification and installed software of the database server.

Processor AMD Athlon 64 Processor 3000 +
Memory 2GByte
Hardware Hard drive 120GByte
External Strage 2TByte
Network interface 10/100/1000Mbps (Ethernet)
Operating system FreeBSD7.2R
HTTP Server apache2.2
Database mysql5.0
Software -
Graphic GMT4.2.0
. The Yahoo! User Interface Library
Ajax -
jQuery
PHP5
programming language c
html
perl
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Fig. 3. An example of drawing figure function. Strain data of MYR station (Fig. 1) operated by Hokkaido
University is shown.

(a) 1/60 Hz data during 2009/1/12-2009/1/13, (b) 100 Hz sampling data for one minute showing an earthquake
with magnitude 5.4 determined by Japan Meteorological Agency (JMA). The part enclosed by broken line in (a)
display window is common to Fig.4, 5 and 6.
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START END CODE | SAMPLING | FILTER | BAYTAP | EDIT INFO
2009/01/12 00:00:00 | 2009/01/13 00:00:00 | myr | 1/60Hz |nofiter| NO NO

I7 A VEERRLELT,
LIFOU PERFLT TS,

B 20090112000000_myr_vs_txt

Fig. 4. An example of data downloading screen page is shown. Users can select the data type from text, csv, PDF,
WIN format and K-NET format. Extension of file name (txt) indicates text-formatted data.

TAP-G & M F720E QW% % pdf TH 7> u—F§5Z LN TES.
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Figure 6 LT ETEAD A RL, WRITIERAR/NEEADOHMERESEZRL TS, B, FEADKEE,
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75 (b)DOFHH (FN130° E) I2HA > THIBIHEN A T2t E 2 6N5. $/2, EAATy IO Sz
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2009/01/02 00:00:00 | 2009/01/03 00:00:00 1/60Hz | nofiter| NO NO

START END ‘CODE | SAMPLING | FILTER | BAYTAP | EDIT INFO
myr

E myr_vs_EXW.ypower
=] myr_vs_EYW.ypower
=] myr_vs_EZF ypower

SPECTRUM

104 L
1075 4 B
10 i

T
104 102 102

[Hz]

Fig. 5. An example of spectral analysis result by GMT's spectrum1d command is shown. Downloadable text files
are shown in the upper side.
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Fig. 6. Results of the principal strain direction analysis applied to the strain-seismograms of the 2003 Tokachi-
oki earthquake recorded at MYR station are shown. Top; Azimuth variation of principal strain axis is measured
clockwise positive from north. Middle; Amplitude variation of the maximum and minimum principal strain are
shown. Red and blue lines show expansion and compression, respectively. Bottom; Original records of the strain-
seismograms during two minutes.
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WrLCwab, BARIZIE, Figure 9 OO X TORKAIREY 2 4 A(N), @OKXEToORKEREE > 7V (S) &
LC, SINIA 25 D LG, EAMEHLHEL CLEHBL TN T —%22F5. I —HMEIIFERAI(/
A X% WiEB) & A F 72 3R 2 ) A XD 07\ X5 AT CHIERER], FE L~V Z25k) DR L CiE L7z
ZO [Nd] IFHED ) A XNV Y 7 VLN, B FOR L 72— 212) » 7 LCw5 (Figure 10). 22T
1 TSIN ISR E o 72E], [HEIBEEEAST WIE] (B~ 2 2 2 EASCE, ZXh LR/ T - D5y v u—
HEPCTEL, FEBSOWIEOY L RA NVFIRE TED (Figure 11).

n

G S | @AnruRn

EVENT LIST

Eventlist HmE

DataBase START END M [ Lt Lon.

oo 2007/01/01 | 2007/06/30 | 5~ 9| 35~ 40 | 133 ~ 144

ORIGIN TIME Area M) [Mw| Mech. |Nd.| Lat. | Lon. |Dep.

2007/03/25 09:41:57 OFF NOTO PENINSULA |6.9 | 6.7 | NEID_CMT |22 [37.22|136.68| 10
2007/03/25 09:43:12 | NOTO PENINSULA REGION | 5.1 B 22 [37.25|13672] ©
2007/03/25 18:11:45 | NOTO PENINSULA REGION | 5.3 5.2 |NEID_CMT |6 | 37.30|136.83| 13
2007/03/26 07:16:36 OFF NOTO PENINSULA |5.3|5.0 | NEID_CMT |5 |37.16]13648] o©
2007/05/21 07:19:39 SEAOF JAPAN |5.3|5.2 | NEID_CMT |29 | 37.89 | 13567 | 374
2007/06/11 03:45:13 OFF NOTO PENINSULA | 5.0 |4.8 | NEID_CMT |25 [37.24[ 13665 7
2007/06/20 23:00:25 | E OFF BOSO PENINSULA | 5.0 | 5.1 | NEID_CMT |27 | 35.23|141.29| 24

Fig. 7. An example of earthquake event list screen with several parameters is shown.
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HN37.89, E135.67
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RAKE=64:177

38" - am

*
Q
ae‘ B w L 3g*
INC» ®MIN
2491
-,
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Fig. 8. An example of earthquake information screen is shown. This screen is linked the “Area” button listed in
Fig. 7. Magnitude, hypocenter location and origin time provided by JMA and moment tensor solution determined
by National Research Institute for Earth Science and Disaster Prevention are shown.
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®Tmin @14min

d >l N
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Fig. 9. Schematic illustration of triggering criterion for auto filing strain-seismogram data is shown. The peak
amplitudes for periods @ and 2 are defined as noise level (N) and signal level (S), respectively. The server
starts to trigger the data, when S/N ratio is larger than 2.5.

| @ BNy SRUAN
DETAILS | 20070611 D3:45(J5T) Mi5.0 OFF NOTO PENINSULA
Fantht a U;N'ms Reset  Draw DataL " tabieDL
DataBase r - - - .-
Logout chk - ST HAME o | ¢ [Noise ¢ Sgnal ¢ Detaikm) s
r INU_vs 15.44 D27 415 213
r 2 MZN_vs1 4350 033 1431 214
r 3 (ASA_vs1 46.50 009 438 233
r ] INB_vs1 25517 0.05 1327 240
r 5 ATM_sa 000 0.00 027 302
r & T8S_sa 200 004 008 333
r 7 KM2_sa 6502 004 024 355
r ] MR3_bs 403 004 015 359
r B WH2_sa 109 022 090 373
r 10 |KTAvs 1069 014 154 377
r " HOJ_sa 148 003 004 384
r 12 W3_bs 100 027 D27 396
r 13 SNG_bs 161 288 464 400

Fig. 10. An example of detailed earthquake information is shown. This screen is linked the “ND” button listed in
Fig.7. User can sort the order by several parameters. Thumbnail of strain-seismograms is displayed by clicking
View icon.
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Fig. 11. An example of thumbnail view of strain-seismograms.
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