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Making a Temporally Homogeneous Seismic Catalog
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Institute of Seismology and Volcanology, Graduate School of Science, Hokkaido University
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We have produced a temporally homogeneous seismic catalog by the relocation of
hypocenters using arrival times of P- and S-waves and the maximum amplitude of ground
motion that are picked by the authors with careful inspection from the waveform data of
local earthquakes with M =3.0 or larger, which were recorded by Institute of Seismology and
Volcanology, Hokkaido University (ISV) from January 1, 1994 to November 30, 2000. A
group of seismographic stations for the relocation is fixed to avoid a temporal man-made
change in hypocenters and magnitudes. The temporally homogeneous seismic catalog is
valuable to monitor temporal changes in seismicity and d-value of the magnitude-frequency

relationship.
I, L & |(Z

—RICHE S & v JIERRRICEE T3 v (Habermann, 1987, 1991). Z®EEN—DI
HEBNSEOETSH S, BRSEEIS AN si3sRaghrmEL, L0
BULRBFEFEINSG L)k b, ZoR, HHOERL & LICHEINIHEOREI AL
TAT 2 &ce 5. —F, KELHWEICR - CRUSBRABEN AL L o TR I E e #
FulThHdbEEZDBEENE ., L IAVBRUSENENICE » (BFER2 T =F 2 — FMH*
RN TN TLE ) & DU G, MOTHUCIR 21 S 5. — DX EDMDEIC BT
LEILEZ T TNAEL 30 TH B, 2% magnitude shift &I1%4, 3 9 —DEIMDHEICZ L -
TITNORESHYPRLDLDOTH S, Z % magnitude stretch & 32,

HWESHENEMZEN B1213, Mogi, 1969 ; Ohtake et al, 1977 ; Wyss et al,, 1984 ;
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Kisslinger, 1988, Tayloretal, 1991 ; EM-EH, 1993 . /E-diH, 1994, Wiemer and
Wyss, 1994 ; Wysset al, 1996; Takanamietal, 1996) ##E#mT 5 & I %3BE, Bameh
FBICROLDICH MU LEDOMBICR > THENTT 528 0°% v, 20k ) WHEER2ET
% 7%, magnitude shift ® magnitude stretch 258 & 2 & 7 DB 2 85ic R LHEESE H
BELTLE) 2 EThHAB.

FrECMLNTYD L) ICHBROMBBESA X RN & J %BfkicH 5 (Ishimoto and
Iida, 1939 ; Gutenberg and Richter, 1944) :

loglo N=a—bM, (1)

7277L, N3=/=F2—FMEOKELHEOHMERER, ok bIZEERTH 5. magnitude
stretch 52 % 2 & ZORD b ELET 20 T HEORELL (B2 8, Gibowicz, 1974
f& - fib, 1981 ; Shi and Bolt, 1982 ; Jin and Aki, 1989 . Ogata and Katsura, 1993) # &%
WA L) AHALC LM LDEEILETH 5.

MicFnzAEL3ERE LT, OMEHRET 2B SOMAEEDEAL, CHETDFT A+
Ty 7V, Q)T =SB AT LANERE X ENH L. BNMIBOMILEE, TR
BEICE ARG E BEREEZ A TM2HEL R, 205BAUROMETFETLI LICE T
%5, WEREOBECIREIEBRENTRELZMIZE R TWBRH SR ZDHENEELH BN
T, FRENLCBUEOT—F2MZ 5 L FHEHFTHTLE ) Z 2%\, FRBETFOEYE
Rfbick > TFAF 30 7L v WD B ERRBTHEMT 5 2 & 4 (O RKIRBOFHIIITE
E9I2%Bd, ZDEIHBUMENT—FEHAVD LI ICL b rEMRILORIR TMEEHET2E
WROEA GBS B ik b,

AL Z MO T RIS 76l L Tz, B2 i¥ Katsumata and Kasahara (1999) #*#54%
L7z, dbERFEAREEELFARHBEREXUFRBEN L 57— (k> s—) THWIN
SYSTEM ( hER-RH, 1992) BAKED L DA H 5. 199345 Aic WIN SYSTEM #58A X 1,
T— M X T NASKIBICERE S L7z, Z ORiE TR 144~ 149 BT EEER VICHEEL 2
WEDOMEATLAPEL 0.8 NERESEALL22NTH D, F12, T—FREL 2T LDEREIT
T% <, MEBUHIOHIKESEBICLZBICOMDTIoOREErsFRENSE, tkt> 5 —T
12, 1996 F 11 AIC KRBT EX AR G FLIREX) NHBBR S 2 2D TREREEIT) L9
IC otz (—efl). BABHTREMICHAL ZOBETHLMOT LR E 2R R,
AL TIE, BAMEEEE L (RESEREOBRR & BESB L UMOBHEZITY, REEICHE
TeHigES Z v T EERL 72,
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FT—2F %\, Fig. 1 3BBEHREICRHV BB SOSE~d. Fig. 213 1 » AR 1 [mEL
J:%?JEE%%&V: FIH SN BREEOEE AR L7230 TH 5. 1994 EERHICIZIbMEE AT
B L ULEIRE, BAXFOBNE LS TH 40 8 TH -7z, Z0RAbiEIRERF R B H]
MR EN, —TOfLERNCIEA 70 Auc s L
7o, 2L T1996 48 11 AL, #REX Ol
KA Y 120 85 & -z,

ke I—Tldre—vVFrarra—9—
AL CREINLHMEREET— 5 oL 4
T>Twd, —RAFZFEHL T3V 7}
77 =713 WIN SYSTEM ( hER - R, 1992)
T#H 5. WIN SYSTEM ity 7— s 42
&, A2 PR, 4> F B ERIEE,
P - SEBIER ORI, BIRB L UMoORESs L
—EOREE HBIICAT . BRRECIE 4o L_J*
HYPOMH (Hirata and Matsu’ura, 1987) #%
AL, PEHEE (Vp) 3 Fig.3nk-)ih 1Kk
TETNERCTWS, ZOREREIIHI -
HHoERKE (HI-ER, 1971) & PiERD*
ZIL st oickrdoTWD, SEEE

(Vs) 12 Vp/ Vst V3 LAE L C PEGEEED
LEHET S, HIMEAMERET HI2iE, F 42°
FTUTFOREHCHAREBICM2HET S

(¥m, 1971). hy —

44°

44°

0.85 M4 —2.50=log A,+1.73log  (» <200 km), 40°
2)

2L, Mai#F B8RS Tthe /S =F2—
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B - 72 R AIRIE CHALIX cm/s, i BB T

44’

Fig. 1. Change in seismographic stations of 42°
ISV. Crosses indicate the location of the
stations (a) of January 1, 1994, (b) in
October 1996 and (c) after November
1996. The two seismographic networks +
of ISV and JMA were combined into the R 100 km
new ISV network in November 1996. 140° 142" 144" 146°
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Fig. 2. The effective number of permanent _ \\
seismographic stations of ISV network 200
every month. If stations are not used to
locate hypocenters for a month, they are
not counted. A sudden increase in num-
ber follows the unified ISV network in
November 1996.

Fig. 3. P-wave velocity model that ISV uses
routinely in the location of earthquakes.
Poisson’s ratio is assumed to be (.25 in
each layer.

BAE km ThH D, 2 L THEOBUS THESI N MOFEER ZDOMBEOME L Tnb, (2)
NI ERFEREDT 200 km IR OMERICEH T2 E Th 575, dbkt> F—DEEEHE T3 200
km Pl EDHEIZ bBAHL T 5,

BEINCETIN B —RABENE, AFIC L - TTRAEIfTbLS. —T LR IE R >~
F— L ALRE X3 B ICRBIEE S & UBIRIE 21T - Tz, —To b 9 ALIRE X TR
2iTv, ZOHABRNELE KLY F—icE&EET S (WK, 2001). 2L Cdkters—T
B ZDTARNEEFEH L CRELMZHARL T3, TENFHEEITEL kb - 2 72HOHIRE
RTIIBEITREEN L VWHELH L., 20k LHEICEHL TL, bR 7—2 8K
AT, BEEIMEREL T3,

2. B BRBRE

199441 H1HA 52000411 A 30 HE Clcdb Rt Z—o il L - EHBRHERERT— 7
N2 b T DB R THIR ZEIRL 22,

(DAEAE 41 BE~ 44 &, B0 143 £ ~146.5 B fEPH (Fig. 4 ) Area 1) $ 72i3 68 41 E~44 B,
R 140 BE~143 Eo i (Fig. 4 0 Area 2) 7z03bk% 44 E~46 &, K 140 E~146 EOH
P (Fig. 4 ? Area 3) oWt BRI EIN 5,

QM =3.0 L EDMuE,

(VP DA S 5 HLL LA DSEDFAR N HA 2 HL EoHE.
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()22 % 7= HuBESE 39337 T Th 0, = DRQINDIEHEF il 7= i3 5546 1, £ 512(3)
DI L 7 TN 5467 B Th - 72, BIRE N BRI IKESRXLIEBICE ) HELE
FRC 5, B2, 1994 4 10 Aic R L2t
A IS (M8.1) P4 E (Katsumata et 46
al, 1995)%° 2000 4 3 A DAHZRILOB A EBNIC
WS WELETHD,

WEUHOBRNS L VBEOBREICHAH  44°
L7804 % Table 1icmRd. MB5EM % Fig
412RT &S 7 3 o/ (Area 1~3) 1045
#L 7. AAGEBN CRE L2 HER Tablel 4o
5 L U Fig 4 10RT & 5 B AOM A &8
CRIMLE X My et L7, BiRE MO
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b oiz, BER(AKK) I, 19954 4 A 27 HicdE
~NHITOmEEn S tic BRI N, &R
(IWN)IZ, 199442 H18 HIZ®X 100 m DR
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44°

Fig. 4. Seismographic stations used in the
relocation of hypocenters. Only arrival
times of P-wave were picked at the 44°
stations indicated by open and closed
triangles. Arrival times of both P- and
S-waves were picked at the stations in-
dicated by open and closed circles.
Magnitudes were calculated from the 42°
maximum amplitude at the stations in-
dicated by closed circles and closed tri-

angles. The study area was divided into —
three regions: Area 1 (41—44°N, 143— 4 100 km
146.5°E), Area 2 (41—44°N, 140—143°E) 40°

and Area 3 (44—46°N, 140—146°E). 1400 142° 144" 146
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Table 1. Seismographic stations used for the relocation of hypocenters.
i i Altit
No. Code La(tf;;;de Lon(;gElzt)ude (Ilnl;de Areal Area2 Area3
1 NMR 43.3650 145.7425 20 P P
2 AKK 43.0167 144.8437 80 PSM P,SM
3 TES 43.4832 144.4029 220 PS PS
4 KNP 43.7602 143.7122 180 P P
5 URH 42.9261 143.6738 100 P,SM P,SM
6 AIB 43.9068 142.6461 265 P P P
7 HRK 43.4663 143.1286 695 PS PS P,S
8 IWN 42,6705 143.0462 135 PS PS PS
9 MYR 42.2920 143.2874 80 PSM PSM PSM
10 KMU 42.2387 142.9673 185 P, M P,S M P,SM
11 MSN 42.4225 142.5419 90 P P P
12 MUJ 42.2830 142.5857 35 P, M P,SM P,SM
13 HIC 42.8903 142.4586 210 P P
14 HAM 43.6132 141.3830 —2 P P
15 HSS 42,9647 141.2325 215 PSM PSM
16 ESH 41.8842 141.0112 40 P P
17 KKJ 41.7775 140.1758 30 P P
P, S indicate that arrival times of P- and S-waves are used to calculate hypocenters.
M indicates that a magnitude is estimated.
Table 2. Dynamic ranges.
No. Code Period Comp. Dynamic range Rus
(cm/s) (km)
2 AKK 94/01/01—95/12/20 v 1.2X10~°—2.5 3
H 7.7X107%—25 3
94/12/21—00/11/30 V,H 2.4X107~7.8X10"2 14
3 TES 94/01/01—95/05/09 V,H 1.9X1075—9.8X10* 320
95/05/10~00/11/30 V.H 1.2X10-%—3.9X107* 38
5 URH 94/01/01—00/11/30 V.,H 1.9X1075—6.2 X102 29
7 HRK 94/01/01—95/12/20 \' 9.4X1077—1.1X10-° 428
H 2.4%X10""—1.5X10"2 66
95/12/21—97/05/11 v 15%1078—4.9X 10~ 447
H 15X10"8—7.8X103 96
97/05/12—00/11/30 V,H 74X107"—1.6 4
8 IWN 94/01/01—94/02/18 V,H 2.4X107—7.9% 102 25
94/02/19—95/01/25 v 1.1X10"¢—3.5X10? 41
H 1.4X1075—4.4 X102 35
95/01/26—95/06/01 V,H 1.2X107%—4.0x10"2 37
95/06/01—00/11/30 v 2.1X107%-8.8 2
H 1.5X1075—-5.0X102 33
9 MYR 94/01/01—98/11/12 V.H 1.9X1075—6.2 X102 29
98/11/12—00/11/30 \' 4.7X1077—2.5X10! 13
H 4.7X10-7—1.5X10"? 66
10 KMU 94/01/01—-98/11/11 V.,H 1.9X1075—6.2X 102 29
98/11/11—00/11/30 V.H 4.7X1077—1.5X 102 66
12 MUJ 94/01/01—97/04/21 V.H 1.9X105—6.2X 102 29
97/04/22—00/11/30 V.H 9.4%1077—2.0 4
15 HSS 94/01/01-00/11/30 V,H 1.9X1075—6.2%X10"2 29

Ru.s: If an earthquake of M4.5 occurs farther than Rus.s, waveforms are recorded without satura-

tion.

V and H indicate vertical and horizontal components.
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Table 2 i2 FBR S DEGETEERE L2 R L 72, 2720, =7 =F 2 — FOREICHWLBRAL
RRSEDBERFZHEL 2BMSAOAEZRLTH D, EFDORusY, M4.5 OHEIEIIER
RyssTHREL 12854, BARIESZ OB SORGTRERD FIREICH L 252 L %2RT.
Thbb, ZOBRE T Ru LR THIUTEAT 5 2 & & { M4.5 DIENRKIRIG % 505 T
& 5, AIRIE# 5248 - 2 EA (AKK), ##E (URH), & (MYR), _H#A (KMU), =1 (MU))
B & RS (HSS) o L TEK3, 133+ LG E8EE AL Tnwb, 2, SEEHAR- T2
BREOW, BTR(TES) TiF 1995 4 5 A 9 ALIBNII ST Re i o IE B Ic b - 72, 5 510
B CAREIS EC8R T R E P A5 [ - 72 4%, LR & DA R R D726, SEIRIEAT1.0X 10 °cm/s % &
AL, SEHBFERZRAIMS LWL HicLi.

Table 3 i £BB &0 ETEF G CTHE L 28 ) 4 v ~nERL, /A XE—HONT
LRFHIFIC & -0, FRFHORMBIC L > TOEE~10 FREREET 527, RICIRARNLE
HIRENTV B, Rusld 7 4 v =N e RR) 2B THEL 2 M3.0 DHEDOBRHIRRER LR L
T3, Areal B & UF Area 2 DAL, ABB A HBRMICRAE L 2M3.0 U LoE > +5
ICHRHI T2 5. Area 3 DILIHEBIZRIRAE ) &N TH 3,

Table 3. Noise levels.

No. Code (Ij(c;los_escl:/esl) (f:;:) Location of seismograph
1 NMR 26 320 Vault 25m long

2 AKK 27 313 Ground surface

3 TES 22 352 Vault 25m long

4 KNP 7 683 Vault 25m long

5 URH 15 440 Vault 25m long

6 AIB 7 683 Vault 25m long

7 HRK 14 458 Ground surface

8 IWN 21 362 Borehole 100m depth
9 MYR 9 591 Vault 25m long

10 KMU 6 747 Vault 10m long

11 MSN 9 591 Ground surface

12 MUJ 13 478 Vault 25m long

13 HIC 9 591 Borehole 100m depth
14 HAM 28 307 Borehole 100m depth
15 HSS 19 384 Vault at 24m depth
16 ESH 13 478 Vauit 25m long

17 KKJ 8 633 Vault 25m long

Rus: the maximum epicentral distance for detection of an earthquake with M3.0, which is
calculated from two times of the noise level.
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5.
Fig. 8 I3 FHE S N72HED 10 HEDORBHESMTH 5. 4161 BOMBEAHN, M3 L EOME
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721996 4 11 AfhE 2 RCLFEEV — Bz Ront v, M35 LB L UML L EOME
DRBUT ZENZEH, 1631 B L T8 TH 5. SV — I ZNEN19.7H/AB L8 9.4 18/
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AFICTIE, BRMEEEE L CRFEEOBRN & BRE L UMOBRER1T- 72, 1994 F 1
A1H% 520004 11 A 30 H & TOHRMICFEE L2 M3 DL RICB L Tl Ry 8 4 iE
TR ERTEEELLNE, SRIIERENTMESL S0 72 4H 1L T, BEFHESD
R OEPELERRT 5 FETH 5.

BE  JLBE KRR EERF SRR B E X LR BN 2 S —DOEEHEBRBICRA I E N
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Bic i3 GMT (Wessel and Smith, 1991) % w72,
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Fig. 5. Epicentral distributions of the original and relocated earthquakes.
range and the number of earthquakes are shown in the top left or the bottom right
corners of each map. (a)-(d): the original catalog, (e)-(h): the relocated catalog.
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= 4 Fig. 6. Comparison of the magnitudes before
and after the relocation. Mold and
Mnew indicate the magnitudes of the
31 original and the relocated catalogs,
respectively.
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Fig. 7. Histograms of magnitude every 0.1 for (a) the original catalog and (b) the
relocated catalog. (c) Magnitude-frequency relation for the two catalogs: the
original catalog and the relocated catalog indicated by open and closed
circles, respectively. The b-value denotes the slope of the relation.
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