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A Thistorical sketch of mobile strong-motion observations is illustrated with a brief review of
standard measurements of strong earthquake ground motion in Japan. A mobile strong-motion obser-
vation has generally been carried out for aftershocks and/or earthquake swarms as initiated by Kanai
et al. (1966). Great advantages of mobile array observation by organizing plural groups were found
in the aftershocks of two large Hokkaido earthquakes of 1993, Hokkaido-Nansei oki, and Kushiro
oki. A significance of mobile strong-motion observation is also described. A potable strong-motion
instrument is a key factor for mobile observation and recent developments by continuous recordings
will give us new-findings.

I. 1 C & Iz

DHRETOMEFOMRRIL 1948 FmAMELEH L L TRy, “FUE7, “WME” Hikicksn
THEEDDZ T HHEENIE DX O R LD TH DLV, WD THEMZRERM - EFEICESNT
Wik o ThD (&FE, 1975). FEPIO SMAC BUEREF SR (FiB, 1953) SnTHH
AR S Tm T L 2R AT DY VR T AN 2004 FICHE SN, FDOYURD T ATIIHT
(2006) IZ X2 BAEOHRBHRAO L € a—03MTbh, EBRIcEED-> TEXE < OMEM L
L ENENOBEREEDIHMENR 2 I, K-NET B INDET, HDWITZENLFEOEH
HHlZ S MR E LD BN TND (BB, 2006). £z, AARHMBZRRMBEHEZESN
F LD AREOMRBHRISHERR = 2 — ALY —ICY ) =X TR SN, fE> TRESH
IR ERAERQLBND DD, BEIMEBIRIORESR L Orrb Y O TEETHDLZ 1D
D UREBTRIC Bk T ATz,
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HEIREBIANT, BIGLHE CORBOMIEMBELNR L TLHEP RN THY, BHARE
TN ER W BEREL 25, HBidT 2 X 91, 1994 FLEER G HIE (M8.1) Z&EEHET
BUNHDR IR S B 205, —F THREMEANZ, Fl T RBEIEEIMEVE 2 SIXHAZER TE 2
WEE, FIEED2B0NnIEbHY, HOHED ERYVEE LLBERFETHDS. LL,
EHBITIXERLEVWEZ6 2 ) v MISREVEH I LS.

I. a8 AEHE

TR CRONCBIFR ShizifERH L, U. S. Coast Geodetic Survey Standard accelerograph — #Ef
/X Brady (2009) 2ZM—Tbh 52, BLHMLNTWVWD X 91T, RIEKWRHBIFIEATE K
[E T OB (Suyehiro, 1932) 1B WT, BWEBOHEICIIIEE#APEFHTH L Z L &5
&, ZHICMBE SN THEINIZ DD TH D, FAHAETIZ SMAC BIBREF OB A 1950 FRAl
FTHoTLOTHREDPS 20 FBNTZ LT 5. LISk, Pitftichiz b #ElgRIT L TE
3, 1995 4 i W R E IR oD JE 2R F TILRIFIR & 5 VM T HEER A B B 0 BLNIFC &R 35 o> T 72
<, 1964 FEHEHIE, 1968 FEHByhHIE, 1978 EEIRILIPHIZE, 1983 4F A AMEh i E, 1993
EHNFE S, 1994 FE=FRIT D 0P HIER & T, ThTRE—2H > THEBEFTLAT TORe
DELNTZZEICBES>TWD, Ao I E <, 1995 0 fLE B iftE O #3125, K-NET -
KiK-net (BfSERHERF), BEBIAME (KEU7, HIRH) RENEHL, [BROBEBMSLAE
BEDLY Uiz, Bk omEER, %12 K-NET ©%3 (Kinoshita, 1998) 1%, 1) &ED##*E
(YT <) ITREHFC, 2)T—FOEBELEA VT4 b (—ETIERERL TWedd),
3) 7 — & ORIREABR (Fii) 72 & 24RitL, MELBROMANPTEICEEL T, HEY - HHET
FHICE L THROIEEE TN >, £z, M Hinet ~OFMAGEHEI & L TEHL 2
KiK-net 1%, 2 IZHIRER D 5V IZZNITIAT 2 TERE TOBRMO 720, & HITEELED
DT —EBELND X ICkhole. Fiz, KRBT - BIGKROBEBRMEL, BEGAKD
FERARERIEE L LT, fTE - M =—XIR X 2EEEH > TS, 20X 5 ZefRflH
o TE DI, IEEONEE - PEOT - KHEOBFRTE TOREIMILEE OIS K5I
otz

SREEBLHI ORI O L ITAHBO - (2006) ICHEANICFL I TV A, #1105 SMAC #lif
At ORICEDS E T2 18 (1930~1950 %), SMAC A, XEH D RFT-250 A - SMA-1
B b o7rn 7 XREF OB - BEMZE 2 85 (1960~1970 F£R#%), 7YX MBS
7 U TRE AT D05 3 (1970 AEAREH~1995 4F)  LHIFE (1996 4ELIKE) o 4 HIC
30, 55 3 WILIRE O IREBLN & B 2 B CFL S A2, Table 1 &Table 2 ICHFER L L TFEL TH
fo. 72B, EPRRBNERICRESNTND Z LICEBWZEE 2., & 3MOF#ERE (1995
I R AR LA I DWW TR (1994) 12005 HMliciiil L Th 5.

TEH B D WILEERREBIN O EAZER L Fig. 1ITRTX51C, RKESLHAPLRDTH
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Table 1. Outline of the third stage in strong-motion observation

209

Year

Remarkable earthquakes

Strong-motion
instruments

Topics in Japan

Oversea affairs

1977 Velocity-type
sensor
1978 |Near Izu Oshima M7.0,, DSA-1 Act on Special Measures Con-|Workshop on Strong Mo-
Off Miyagi M7.4 cerning Countermeasures for |tion Instrument Arrays (1978,
Large-Scale Earthquake. Hawaii; NSF, UNESCO)
Recommendation for Strong-
Motion Observation (Science
Council of Japan
Strong-motion array observa-
tion by joint research of elec-
tric companies
1979 | Imperial Valley, Near-field array data, Very
California M6.5 high vertical acceleration
1983 | Central Japan Sea M7.7 | Development | Near-field strong-motion re-

of Digital re-
corder made

cords (Furofushi, Ohgata mura)
Long-period strong motion (Nii-

in Japan ADC | gata, Tomakomai)
of 12 bits
1984 | West Nagano M6.8 SMAD Utilize the deep borehole strong-

motion data

1985

Mexico (Michoacan)
MS8.0

Near source, Site effects,
Long-period strong motion
records

1987

Off East Chiba M6.7

JMAS87

Distribution of instruments with
ADC of 16 bits

1989

Earthquake swarms
near Ito City

Submarine volcanic eruption
and earthquake swarm near
Ito City, Shizuoka Pref. Near-
field records by mobile obser-
vation.

1992

SMAC-MD

ESG International Symposium
(Odawara)

1993

Off Kushiro M7.4
Off Southwest
Hokkaido M7.8

Cooperative mobile strong-m
otion observation by university
groups, High acceleration re-
cord of 1.6g at Otobe-cho,
Hokkaido

CUBE (Caltech-USGS
Broadcast of Earthquake)

1994

Off East Hokkaido M8.4
Far Off Sanriku M7.5
Northridge, M6.7

Highly dense strong-motion
observation in Kushiro City,
Hokkaido by the ESG group

Tarzana (1.8g)

1995

Southern Hyogo M7.3

Historically heavy damage in
Kobe and vicinities, Strong-
motion records in the area of
intensity 7, Cooperative strong-
motion observation for after-
shocks

Establishment of the Headquart
ers for Earthquake Research
Promotion

TriNet (CIT, USGS, CSMIP)
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Table 2. Outline of the forth stage (present) in strong-motion observation

Remarkable Strong-motion L .

Year carthquakes instruments Topics in Japan Oversea affairs
1996 K-NET95, Establishment of new observa-

Intensity me-| tion networks: K-NET (1000

ters sites), KiK-net by NIED, inten-

(ADC:24bits) | sity by JMA (600 sites) and

local governments (3255 sites)
1997 | Northwest Kagoshima |New instru-
M6.6 ment for

mobile obser-
vation

1998 ESG International Symposium
(Yokohama)
1999 | Kocaeli Turkey M?7.6, Mobile observations for two lar-|Many near-field records

ChiChi Taiwan M7.7

ge earthquakes by Japanese group

(Large velocity, large dis-
placement, fling step)
were obtained and re-
leased

2000

West Tottori M7.3
Near Miyakejima M6.5

Establishment of Metropolitan
Strong Motion Observation Net-
work by university groups

2001

Geiyo M6.7

2003

Off Tokachi, M8.0
Off Miyagi M7.1
North Miyagi

Long-period strong motion from
large earthquakes. Damage of
large storage oil tanks

2004

Niigata Chuetsu M6.8

Sumatra M9.0

High acceleration records of 2g
and exceeding 1g at many sites
Symposium “The 50th Anniver-
sary of Strong-Motion Earthg.
Obs. in Japan”

Parkfield M6.0 (Very dense
array records near the
fault)

No strong motion records
from the Sumatra earthq.?

2005

Off West Fukuoka MT7.0

Off Miyagi M7.2

Kashimir, Pakistan M?7.7,
(heavily damaged), no
strong motion record?

2006 Revision of |Quasi real time data release by
K-NET instr- | K-NET
ument

2007 | Noto Peninsula M6.9 Strong earthquake immediately

Off Niigata Chuetsu
M6.8

beneath the nuclear
plant

Began the service of earthquake
early warning by JMA through

media outlets (10/01)

power

2008

Iwate - Miyagi M7.2

Very high acceleration record of
4¢g (KiK-net)

Sichuan China M7.9

AH, AHAMNTG VAT BRETIOPEEL L, ENr—22HL Th, IEZL LIFEVE

W, fAL,

7z.

FHZR OB R, FIFEMER S0 BRI ORRBICK E REBE 52 TE
1970 FREF2 6 1990 SEZ A E TET 1 VA NVREFF~ORBEROE VD IBITHICH -

EEALD. 128y PO ADEBPLIBED, BELLLTITI6 By FB—RIEL TnoT
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Policy,

: Instal!ation A N| Instruments
) Planning N—/ & System

Public use, II II <:||]I Mobile
Administration Observation

Analysis. & : :Vl\ Maintenances |}
Application & Organizations

of Records

Stationary observation and system

Fig. 1. Major requirements for strong-motion observation and their reciprocal relationship.

M, 128y FEETIE, AT OXAF Iy I L Y% O S AREET I 00T 5l A
EB T (Kudo et al, 1984). F7z, @A LI EY hT—TRHIC AEY —, NT
NAFEY —RECHRBIZILZDOD, YEED AT ) —FEIZDRL, BEEL T /A & Tiski
ORI H Z &b LIZLIETH o2, EVHITEND, FEEUEEOLLODOET VT =Y
MEEICRY, B TREERREAFN 2 GRYEFEN2E) O, Fx 21T TidkrokfE
Thd. Fic, ZIFFENHK FEREFIAT 256035 <, ZORSFICIILZOHE2LTEE L.
F— AR S <RRIITATDOIL TV, ZHICLERORABD >, TS ORMEE,
MBI OB TH o122 LITHEPTH S 90, KOFIHD 5 WITHREEHIBRE OHLFER% &
WO (BGE, T ANER) BRbrokl b ZOHERDO—D2EE x5, K-NET £ THLE
D EBIRIPSTEDR, BBREO AL LTEERILLEEDLID2ER .

WES DERRIE L Z BRLICIZERE L WS ORH 5. iR EIE, AD ZHE oSk E
fbZbhd & LT, ERDO KRR, GPSITX2BAEH, BE0TF —F 5% EDERMN
RBEHHOKREFREZAREIC L E Vo THHE TIIRY., EERE2EOENER S RERN 2%
HEb (BEGHLF0—F), ZEEEZELTWS., —F 7T, K&ifitkilk, L, HEZR~D
FHAbLEATNS,

II. #BHRAOERLER

1. B0 EROEHEEA

1978 B SN EE U — 27 v 3 v 7 [Strong Motion Instrument Arrays] (Iwan, 1978) I
WEBROMTICKERA NI e b 2 le, OORMBRMEBAE TRICESE, BEERET
DIET U—8INE T 2RETH 72D, ZHICEDEFHE S 7z Guerrero (Mexico) 7 L —IT
IV 1985 FD A X ahiE M81) OHERT—FPHELNIZ LIFFEIND, BPETY
U—7vay TOREEZITT, REHE, EWRMHEREEZS -7y b & L oEE S
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PENL SN (B TREBELITE A RVAY) ., BRI 2003 FOMELH Y, M TiEdH D
5, HVEHIERIIRBATH Y HIIIREMRE S A L 5. BIED K-NET, EEHINMEAER S
TWDHIRI T, FRIUVOEZRITIREISELL TWD 0, YEFESL L BRI C OB
2009 4 8 A OBETEI OB THRENMDILD & 2 A b L., Ho lcFEbSTh K
MWEPEE L Z LT, BEEETIE R L5 22E2VWL, 797 —EBRREERED
K-NET 28 ZH L TWH DL, HWEZED SBRMOEL S ZFHAL TWDH b0z d. Lat,
WNEOHFEHE M6~7 27 7 R) OBFEOYA NORBEZI G2 213 &5 28RS Rl E
TRZBRWEENRL <, REBRIZR S X2 MBBLINAGREMIAZEHES 2L b LITLIEERI N
T&T.

ZDOU—2 3 a3y 75, IAEE (International Association for Earthquake Engineering) ® % &
\Z ISMAC (International Strong-Motion Array Council) AR 41, B < TR HE T3S H%
TOREEDH ST, ZORIBZISLEDZERPR NPT, TOISMAC D—20HKREL L
T, BEIT7T LA BHIOZESIEO NI, BEAMEHIIE<ENEEERFEL L2 LI
Ths. HENTHEHRL THWRWILRE - STEROBEHBIHIOEBRICEN A -7 X 5 TH D05,
FEIRRAICIZENLL LI L WRED S Eh, BB OBSEOREN R TS ThoTe 2 e L,
B T ieholcbE2 XD,

138" 139" e 1417

43

712

a7

41 D—— |
138 1397 140° 141°
Fig. 2. A Map showing the stations of the first cooperative strong-motion observation by university group
for aftershocks of the 1993 Off Coast of Southwest Hokkaido (Hokkaido Nansei oki) earthquake (Sa-
satani, 1996).
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2. BEBAOEE

FBETOMBHIC L D EEENNE, Kanai et al. (1966) 1T X 2 IMURERHE (1965 FI2hh
£2) OB EHEELLTEY, HF - (1981) 12X 5 1980 FEOFE BT #E DM BRE OB
BI~ED7203% . 1980 OB Tk SMAC-B DI MO RFE TH - 7c T 4 U X IVIRE
FDSA-1 VLN TWD, FEEEPEDLY 2OH DM, YRHE—HBETOHBIC 5 THE
FEBUIR O, ERSFRBRICHIRARD VD, ZHEIIC X 2 LRIBIIAE M S e 2 L Ii3HR
DZETHD., KEFEMOLFRBPEANCESL L 72D ITAL KIS, TR, BB
£ % 1993 FEALHER B ORBBB TH S, U, BIFEICIT VB AR T 0O 5REEIE
IFEBRIERT & AR T IR BT 2 BRTIZEETH o2, ZO7), BED K-NET £V HH WA
& Tldd 525 Fig. 2 OEFFRFEIAIMENEZE L 72, FHA - ZE OEF H GERNCS T 5 oD izid,
LHEHE RFIC LD ZIT AN - AR RAIR Thole, ZOBPEOEBUCLY, EEBORELS
S REPBENIRND, 8 A 8 HICERIEI LN L Y OJTEM THAL 72 M 6.3 DHIEIC
LV, CERET THRKEE) TIIH R RO 1.6 g BB S e (T - i, 1994). TH3&E -5
e, ER DB - AT D S (4, 1996). 723, 1994 4F 1 A @ Northridge
HEE T Tarzana TOFEE (1.8g) ICL-TZoMR—-IFBVEZ SN,

EHE S TS ESG MH2E R B OMFOMT T, 1993 4F 8 A #%:0 & #IlHE T o SRR EELH
DA S Te, 1993 I HIE CHE M OMA, BRI &{KH1 (PHRD) ToOME#HO®E (K
IEE IR 2 f502E) CHFB L TEBINZDL DT, 5kmX 6km BREOHAMHIC 23 EHTO
BEBBINESRL, BARTEDA95, Y40 1 FEHOHAHHTTH o BNERE L BT
1994 FEdbEE R A (M 8.1) OEKRHMBEZEIIIL 2 (ESGHZERES, 1995). KFELEHHRE
HAFZERT 72 EOWMRENC L D BB L2 b D TH DA, BRSO A0 HE (i X i) [ R JbyEE K4 %
% - EREEEE (L) OZRDOBYTHD Z L EFLL TR E W, T b ORGSO
H A 0D T PRI 1995 4RI IR B AR 3 38 A2 U 7o, mUHR AR Bh SKAFSE I 0> 25 e 22 1 3
FLOEEZH, ZINFIHEOSHEL MO E FICHFBRANCSML, #0ES ik T8
WZ2BRAE L 7z, SIFETH TORBRD > 7o o DI AR IC B AR E SNic & B2 D, #HK
HTOBRIIRERTH DY, BAOBHBIBEE IR SRR ZEL L 0REE 21T TEZRW
ThAo. PAHBERPES THEMNTE 2/ VUREOFHEMABICMIE SN, BIFHEERHE
T XV EBESOFHRAGRE 2R TR TE 2 (THE, 1998) Z &b, HEEHAUSREEIE OFEER
DHIPAEENTCODEFA LS. 2Dk, FHREIOMEET 1999 4 kv aiFE, 1999 F£57E
H5E, 2000 4FBHURTEEHIEE, 2004 FEHlkHhFE 72 & CIRRE L 2.

BEBLINIZHTZ L THELND Z LD RWEELZ 4550, FAEHR—&EE E OB
MEHELTNTY, RBFEREOHINCIIRPT I EDOHRBRWFETIIRPA S0, ThE
T, HWEEREBIN G REREAOHIRA S, NI H—FRICKDZEREh o7z, LirL, fil
DRSO RBEACICHE Y, HGEHIAFREL 2> TRY, FIZIE, F - (2009 OFEEE
OHEFEMNNIIFH L WA 2 L 763 2 & 2R S 5.
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V. RELEE -—FEDIIRAT

1996 GELAREICERE (BEE) BRI TEBECRoT. Lrl, BROEM I 2HEFET 5
2B ESE XD THAS 9 h. 2004 4F Parkfield HIFE T, BHFRIBICRIT 2K L EEEDOE
HIFEEENRE Bz (B 21F, Shakal et al., 2006). EIRE TOMBEIOBEM S OB ICIZIZ DR
EEERBRNEE LWEIEE 2, BHEMNRGEIIEL V. E7z, 2007 508 R Eimh #iE T,
TR X T C OB AE S OB e hr o T2 B A, BIRGITIE > 72 b DI/ > TW I RIREMED
H55. EHNOMBEEIREESE 2 RERN» LIRS 2 Z L2, MBS FROEBELO—
o TWDA, EHIREBERIRFEPIRETE T, ﬁ@£%®kmkﬁ@%ﬁm®fﬁ%
HDWEITHEALDHL SITR>TEWRWEA S, I HICERIA () 23 2 LI
FTERANIID TEFPKREIWTH A 525, LHEIC L2 AR D ANBLRIEIERE, £72F
RAENR L, (AN EESHBERBE TRIINEHROFEMITHL < 2o TRV, i) 7
VB A LAHITERS KIEMOMERTITE 72 E~OMIFHIKR E V. ZOBOFRBRKNCESLDTDHITIE,
BB TH D, POEEENS WIREENER & 130 %, WEROEEEMRER EomitE L bic
S DI LB EZRDO TWSRER D D O TR, T LWERE & & b I SE BT R &
RLHD, TULA—FERAERENLIE, BEELIS &0 THEGEBIR A HERER SN, T—F2FHA -
PREFEHR ST B S 5.

BEE ARRRIL 2009 FE ARKEVEBHRSAIBERK 7 +—F & REHFES VRO Y
b —RDNEKMB LG ARRE S DRBRHNE -] TORRICPLFELLEZLOTT. #a
EHZTOWIEW, S - R ZEEREAICEILR L L5, £, AimiRHicSY,
INMHE=SRAEICIIZ S DR KR IREZTHE £ L. E<ELHAL ETFET.

EFEBE IR BN, EERFITERERADPELNIPD ZEEBL LD TY. T
WRBHED ZIEL TRNICRE AR LT

X #

Brady, A. G., 2009. Strong-motion accelerographs: Early history, Earthq. Eng. & Struct. Dynamics, 38, 1121-1134.

ESG Hf#EZ B4, 1995, JIFETHICH 1T 5 ILFIRMEMBIA — 1994 FALiEE R T E —, BIETHHE

WOERK - SR - MR —, 2009, AR PRI FEFERTIC R T D EE RISk o v T 7/7\%76?,
HAHIE T4 K4S 2009 FEHEAE, 186-187.

Iwan, W. D. (ed), 1978. Proceedings of the International Workshop on Strong-Motion Instrument Arrays, Hawaii,
NSF and UNESCO.

Kanai, K., K. Hirano, S. Yoshizawa and T. Asada, 1966. Observation of strong earthquake motions in Matsushiro ar-
ea, Part 1, Bull. Earthq. Res. Institute, 44, 1269-1296.

& 1, 1975, MUBHFZEATAINL IR OB 2, BORRFHETFERT, 104-107.

Kinoshita, S., 1998. Kyoshin Net (K-NET), Seism. Res. Lett., 69, 309-332.
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TRE—3 - 8% - WHEIG - FHESR - W EE - mfBIER, 1994, 1993 FAbifEiE R vE I HIEE O RERE O IRE LR,
AT, 544 No. 7, 95-101.

THE—3 (F7efREa), 1998, MEBIHRE T L o BUAI0 720 O/ MR B O RUE L Bl - i~ = =2 7 )L OfE
B, SERT ~ 9 EERSAIE MBI TEARIE(A) ) BFZERCR R E, 176 pp.

R B (WeAERE), 1996, ALHEERTFE IR AEIC X o TEIH S U7 Rp R 2 B Bh sl o0 BRI S B 3 2 4,
SR T AEEERMA TSR R B & [ —fRAFSE (B) 1 WFFERCR ARG, 196 pp.

Shakal A., H. Haddadi, V. Graizer, K. Lin and M. Huang, 2006. Some key features of the strong-motion data from
the M 6.0 Parkfield, California, earthquake of 28 September 2004 Bull. Seis. Soc. Am., 96 : S 90-S 118.
Suyehiro K., 1932. Engineering Seismology, Notes on American Lectures., Proc. Amer. Soc. Civil Engs., 58-4, 45-110.

EIRGEEACRE, 1953, SMAC BUiRERt, B, 6, 117-121.

R E = - Sk 52 KRR - FHIROER, 1981 1980 4 34 55 U5 i AR J6 o ORI 8 M AR oD sk BE i i e ik
ERHKMRE T — &, WO R HB TR SE TR, 55, 1043-1064

HHE T, 2006, D 3EOEREEHIZELED 2R VKo T—IEEREF O & 915 X OB 0B —,
AT VAT Y L TAROREBN 50 4] — L &R —3RHE, b KR A NI pTirse &kt 264 =, 7-
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