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A DESCRIPTION AND EVALUATION OF TIDAL STATIONS AROUND TAIWAN

Wen-Ssn Chuang

Institute of Oceanography College of Science,

National Taiwan University

ABSTRACT

The 1991 tidal data at 15 stations around Taiwan were provided by the Central Weather Bureau
(CWB)for analysis and evaluation. Among them, only 3 stations yield complete data, others are clas-
sified as incomplete in the sense that gaps, shifting, or no detection of law water level are shown on
the records. Tidal analysis indicate that those stations are more than adequate for practical purposes
of tide forecasting, storm surge prediction and other coastal engineering needs. It is thus recom-

mended that a tidal station network consists of 10 CWB-maintained and 4 harbour authority-mainta-
ined ones should serve the general purpose.
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THE STATUS OF DATA BUOY RESEARCH AND DEVELOPMENT IN TAIWAN

Min-Chih Huang Chia-Chuen Kao
Department of Naval Architecture and Depertment of Hydraulic and
Marine Engineering Ocean Engineering
National Cheng Kung University National Cheng Kung University
ABSTRACT

At present, technical and operational experiences on the meteorological and oceanographic data
buoys are advanced slowly in Taiwan. The Council of Agriculture and the National Science Council
have jointly supported the design, assembly, and deployment of a 2-M discus data buoy over the
past four years. This paper summarizes the research and development activities conducted in this
period. The buoy was designed through detail studies of its hydrostatic characteristics, mathematical
frequency-domain and time-domain simulations of buoy- mooring-anchor responseé, and impulse
tests of prototype model in a large wave tank. The 'selaworthincss test of this buoy was then
conducted near th;Mi-Toe area for a period of eighteen .months. Instrumentations including wave
sensors, data acquisition mbdule, and line-of-sight telemetry system were designed and tested
concurrently. A fully integrated data buoy was then deployed near the Tai-Chung Harbor for long
term wave measurements. Baged on the field evaluations of buoy performance and the analysis of
wave data reported by this buoy, the areas for further research and improvements are identified and

will be addressed in the near future.

Key words: 2-M discus data buoy, hydrostatic characteristics, buoy-mooring-anchor responses, prot-

otype model, data acguisition module.
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ON THE DEVELOPMENT OF NUMERICAL MODELS OF TIDE AND
STORM SURGE AROUND TAIWAN

Hsien-Wen Li
Department of Oceanography '

National Taiwan Ocean University

ABSTRACT

Both tide and storm surge denote the sea Ievel change, but their causes are quite different.
Tide is due to the astronomical causes associated with the motion of meon-earth and sun-earth sys-
tems. The tidal phenomena are strictly periodic. Storm surge is caused by wind and air pressure
gradient. The tide can be accurately predicted in some localites with long tidal records by harmonic
method. Prediction of tide and storm surge in a large region of sea will be hopeful by means of nu-

merical models.

Key words: Tide, storm surge, Astronomical, harmonic method.
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BEESER DD TR EERS , B0 - Pacific trade wind system at interannual time
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Barnett ( i983) : Interaction of the Monsoon and Weather Review Vol 111 p.756-773.

OCEANOGRAPHIC DATA BANK IN TAIWAN

T. Y. Tang S. J. Hwang
Institute of Oceanography College of Science

National Taiwan University

ABSTRACT
A survey for the Oceznographic Data Bank in Taiwan was performed. The result indicates that the
data is diversely stored in the different institutes. The communication among the institutes is generally
poot. There almost has no data exché.ngc policy. In despite of the problem of poor communication, some
of institutes establish their own data bank successfully. As an example, the system of CTD> Data of Ocean
Researcher I is reviewed here. A national oceanographic data bank shall be based upon those individual

data banks.
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THE STATUS OF WAVE INVESTIGATION IN THE TAIWAN AREA

Chien-Kee Chang Chung-Ching Chien Hsiang-Maw Theng
Institute of Hardor and Marine Technology

ABSTRACT

The status of wave observation around Taiwan, incloding location of wave station, wave
instrument, and applicable wave data are described in this report. Six wave stations which obtained
long term wave data are analyzed and wave characteristics for different zone around Taiwan are
discussed. Wave data recorded at the Taichung station are used as an example for more intensive
statistic analysis in engineering application. Finally, the existing problems of wave observation are
mentioned and personal suggestions are proposed.

Key words: ‘Wave characteristics, intensive statistic analysis,
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AREVIEW OF WAVE MODEL IN TAIWAN

Nai-Kuang Liang
Institute of Oceanography College of Science

National Taiwan University

ABSTRACT

The domestic wave model development comamenced in the 1960s. The aim of the model is to
determine the design wave for coastal structures. They are all hindcast models and employ
significant wave to define the sea state. However, wave forecasting models have been developed,
but are not operated. These models are also"significant wave" - typed, which imply local empirical

constants and may be more snitable to the marginal sea areas,
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OPERATIONAL WAVE FORECASTING IN THE UNITED STATES

Yung-Yao Chao

National Meteorological Center, Marine Prediction Branch

ABSTRACT

The National Weather Service ( NWS) of the National Cceanic and Atmospheric
Administration (NOAA ) is responsible for issning ocean wave forecasts to the civilian sector.

The National Meteorological Center ( NMC) , which is a part of NWS, is in charge of developing:

operaticnal wave models to provide forecast guidance to NWS regional forecast offices. The Navy

»

s Fleet Numerical Oceanography Center (FENOC) , on the other hand, provides wave information

to the military sector. In this paper, the historical development of operational wave forecasting

medels in the United States, the NMC forecasting procedures, and the performance of present NMC

and FNOC wave models are presented,

Key words: NWS, Civilian sector, NMC , FNOC, military sector.
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ay=522—Caa (4)
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Q) ; : quadrature spectral density of elevation
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ON THE DATA PROCESSING OF BUOY WAVE MEASUREMENT SYSTEM

David Wei-Chi Wang

Computer Sciences Corporation

ABSTRACT

In-situ wave measurements from moored buoys provide vital information for marine weather

forecasting, safety design of offshore structures, calibration and verification of numerical models,

wave climate study, development of remote sensing techniques, and coastal zone management and

deveopment. In this paper, an overview of the data processing of an operational buoy wave

measurement system is presented. This paper introduces and discusses buoy wave measurement

theory, derivations and computations of directional wave spectrurn and wave parameters,

procedures for data processing, and automation of data quality assurance.
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ON THE OPERATIONAL STORM SURGE MODEL IN THE UNITED STATES

Jye

Chen

National Weather Service

ABSTRACT

In the recent years, the operational storm surge model in U. 8.has reached a mature stage. The

model, referred as SLOSH ( Sea, Lake, and Overland Surges from Hurricanes ) , is capable of

portraying the surge flooding conditions, such as the intrusion of seawater into bays and rivers,

overtopping levees, and over-land flows. From the past years, the analyzed data after the storm .

event has shown the model’s reliability in surge computations. However, because today’s storm

track forecasts lack the needed accuracy, it is unwise to rely on a single track forecast for the storm

surge forecast. Therefore, this model has been used as studying tool on evacuation planning instead,

so that the concerned agencies can effectively perform the disaster prevention operations.

Key words: Storm surge model, SLOSH, overtopping levees, disaster prevention operations.
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SATELLITE REMOTE SENSING FOR OCEAN APPLICATIONS

Antony K. Liu
NASA/Goddard Space Flight Center

ABSTRACT

Satellites have demonstrated a remarkable ability to measure ocean variables critical to cli-
mate as well as other national concerns including fisheries, transportation, defense, and waste dis-
posal. Different types of sensors can measure: sea surface wind, ocean wave spectmm.. sea surface
temperature, ocean color, ocean topography/current, and sea ice concentrations, With the advent of
satellite, the synoptic data on ocean properties and processes at regional and larger scales can be
obtained. Satellite instraments can be divided into two categories of sensors: passive and active,
Passive sensors record the intensity of natoral radiation either emitted or reflected from the surface
of the ocean. They generally scan the surface to observe an area beneath the satellite some
hundreds of kilometers wide. The images obtained are used to infer surface characteristics such as
temperature (AVHRR), color (CZCS), and the presence of ice {radiometer). Active sensors transmit
pulese of microwave energy and then measure properties of their reflections from the ocean surface.
The time delay and the characteristics of the returned pulse are used to provide information about
the ocean surface such as winds (scatterometer), waves (SAR), and topography/currents (altimeter).
Microwave sensors are able to penetrate clouds and thus have the important capability to operate

pight and day under all-weather conditions.
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EVALUATION OF THE WAM MODEL

Hsuan 8. Chen
NOAA/NWS/NMC, Marine Prediction Branch

ABSTRACT

We employed the WAM model and used the NMC (National Meteorological Center)winds as

forcinig to predict global ocean wave spectra. The WAM model is a third generation wave model.

It implements a more complete caculation for nonlinear wave-wave interaction and the Janssen

formulation for wave generation. The WAM waves have been compared with the NDBC (National

Data Buoy Center) buoy data and results from other models. The comparison indicates that the

WAM waves generally predict a good estimate of the significant wave height, but often under-

predict the extreme waves when compared with the buoy data. Nevertheless,its accuracy and quan-

titative measures are shown to be better than those from the other models. Its frequency spectra and

directional spectra all are very reasonable. The CPU time for a 24-hour prediction run on the NMC

Cray-YMP computer is less than 4 minutes,
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AN OPERATIONAL DATA BUOY SYSTEM

Chung-Chu Teng
Natjonal Data Buoy Center

ABSTRACT

An operational data buoy system should include the following properly-designed sub-systems:

“buoy hull", "mooring”, "measurement instrument”, "data acquisition, control, processing, and

wn

analysis","communication”, "power”, and "auxiliary” systems. In addition, a shoreside system and

an operation support system should also be included to form a complete operational data buoy

system for long-term and regular data measurement with nearly-real-time data transmission. This

paper describes and discusses the importance of the "overall system” concept for an operational

data buoy system and some details of the sub-systems in the system.

Key words: Buoy hull, mooring, auxiliary,

— 123 —



Volume 39 Number 2

Meteorological Bulletin

(Special issue)

B s o O o]
CONTENTS
Articles
Operational Wave Forecasting in the United Stateg «oeecoreeerereeees Yung-Yao Chao (63)

On the Data Processing of Buoy Wave Measurement System
..................................................................... David Wei-Chi Wang (72)

On the Operational Storm Surge Model in the United States ««seeveeveenee Jye Chen (93)
Satellite Remote Sensing for Ocean Applicationg -« essereeererencses Antony K. Liu (100)
Evaluation of the WAM Model  cecrreeeesersmmmimms Hsuan S. Chen (106)
An Operational Data Buoy System »r«-ceseececrrmmmrrrir. Chung-Chu Teng (116)

CENTRAL WEATHER BUREAU
64 Kung-Yuan Road, Taipei, Taiwan
Republic of China

HSFOCH=E>000  ZEBERE | WRHGHEUS> | BB E#E

SobcrrOW HB D F o R IRERED

g

£

5

C8LLS-SCTT0 NSSI



i P U TR 2 B VR A B K B O 43

&e
- AN S 1
2 T
F =tk ¥ =
B x
A vE
RE82FE12H 16 H A B A&
................................................... .
rhit @ Bt B REE - A Ae h
B B RS AT e F3Rn XS BURE

LR R SR g B B R — SRR
Wi B /N2 RS AT RgE HIKE

tho SR B R gt B R G T — ERHE R R IR S
15 788 1 0 ) 508 1 % T DR R R

1993 AEHEEEE - vvvvveeermrmreesommeeeannneeneennns HE g

B (125)

(132)

FEAEH
SR
Ok

{LH4EER

(151)
(165)
(174)
(187)

FAEE) (202)

oo ofe oo odv oo ofe ofe ofu oo ode ofe oo ode oo ofe oo ode ode oo ode oo oo ode oo ode oo ofe ofu ofe sde ode ofe ofe o

o e oo oo oo oo o s oo oo e o oo e oo oo oo o oo o o

bé
Lo od
*

H R & ?%ﬂ%%ﬂ%’”’#ﬁﬁi o AU~ S p e
Z 17T A K ,H Vi3 E H 3491091
EuzEs . .
i 1=K .
rgzeg o B *
S B T A # H X
F £ OOH OB OF KR B
k= s k2 R £ 3 A
2 % B R KB g
® K % F &k ow g
wOR A ¥ & H B
woow % & w1 w7
Hp ¥ ]
-5 B ¥ ES # % * #
3 B #H45%150%
ofe oo oo oo oo oo oo oo oo oo oo oo oo oo oo oo oo oo o oo oo ode oo oe ofe oe oo oe ofe o o

o3s oo ofo ofo oo oo ofe oo ofe oo oo oo oo ofe oo ofe ofe oo oo ofe ofe



RBBHE=TNER=H

R B82E12H 168 A B AL

AEN FHEY KEHR
e R S

¥

3

RES2E12H 165585495 » AHHESE T — RS SH R - BFEERIBSAE -
MRS R — RV IRE PR EARBT - ARGEZHEBES - WS EREEN
FI213E AR L FOEME B ARG IE - BRAB M A AREI120E » BilEkAaxmE
AYRE D B E SF R E I IR B K AR RO R - TR BB EFT AR THADE
ZBR BRCBBEERMERTRER  2A21HNEASHERABEEERE - BB
FRESFRFEEEHES AN G BRI T RSB B HIGE - Wi Ay 6 4 B A

CREE  RESEEC ZEEBCTER -

ol

EWERNRBEHENBEATREEY L
NEFMPFEEEERBEREABRR R
R EAHRHEBERGEY  HPXUEREHEY
W EE—HHERERERY c  EEHEHE
TEERE TS Y EEREES > HiNkA
OFES BEoyENTaw  wB-8%4
EERTERENABNSTERE N EE -
BEERNCSEFAEREERE LR SEEA R
B - Plan1906sE g LR (HIH7.1) k1258 A
T 2385 A2 FEHBRERAH _HS
- BEEBOE 12 17H R (RE71) &
HR3BAIELE » TBARE  EEHEREZHRSEH
—HE & - REBSEI1ZASAF iR E6.3) »
WERTAATET » 482 A %48 FEHER2BRA&E
MF£iK - EESSFEIFRBEETMHE (HE
6.5 BULfrEEAIME BRBEIT) B
106 AFEL- @ 650 A 5288 » GREERZBREGH=
I -

EREEREHERN I ERHNEE =

(MEILEE — MBERTILS - mERER  ’E
Wl BWBAR - QBONE — MRERRE
Bt TR - AL FEAN  BIGSARE -
(FF LB E — FH/ESRFPT RN B 12AE -

HREEHREEO IS - GRBEERG
HREEET - HESE R E - B
SRS R R A B i O 0 B AR
B BEREERISSEKEE SRR - R
AIE (1990) fitiReE B AREE G S8 E
MENEZHEGR  EESAHERRESHELR
Mm% o HRGFEIERIEN - BESBE KT
T R AT AR -

FREFNEWHRRE RSB EREY
KR PRRBRENRFER « PEASE{E
T2\ B B B R S M R A
LB 7 S R B T LD st A Y 1 B SR
W, ST A I Bk R R R
o -

=« RES2E125 16 KM E N E
BEES2E12ZAI6HEER S5 » EEHE

—125—



FRAHABME (6A#23.2188 » RAB120.5288) #  fkan T+

ET-XABES MM - MTREI3SQE - B (UFEHRFARRRE B R REEITHER
BERET ARRBRIEE > HHRARBREES OBE RFIRR.EPREEE MRS
4.6 - MR O RN L OB/ M~F-h -

B WEREBMARE - LR A MREE RIEBRAERARTHASRREHERLE
MEN—ERE > FFRBEARET - REHEY ®=# (EH) -

B NPT "

B S ——

INTY

H! REFAHCETHARSEERE&H -

(BB AT AR RETER AT 2 AR % o
TERE S RS - BeERAEEAEREERE RS E R
(A E R IEEEA RN AP L5 S SR 8o

W2 2 P R AR S S T S TSI — PR P A B SR R R S T o
—126—



BRI RAREEREGREL - B
H/NK S TBHBEE — Rk -
BUA A KRS (E2) -

(AR A ARER G ER e aH-

BEMRHESNATRESRREGHN -

=~ REI824127 16 H K4 b B pk &
AR HEEEE] (B3) - BATRRE
R TS #EE ¢ o ORen 3 MET fE  Bh T
Bl ARSI MR 1208 » B/ NEME
Bz - P SERAEIRA R AR R AL BER
EERBEARSUNIE (Seno, 1977) - Jh—HHSEAR
SRR A RE 78— 5 0 E SRR R R R
RVR B FE R R B I W B AR SR R T - T
ER B S B M MR B E T RER T FI AR
Bz—:
(LEAF2135 @ FMFEEMHI40E -

12715793 21:U49 ML=5.7

23.21°N 120.52° E DEPTH=13.5%km
Dip Strike Rake

FM 1: 50° 25 85

FM 2: o

213 96

B3 KK BMEEH (EARRIaRR o B hREy
FRASIC S L8 ZLEETED

(2B FIHI25RE » [FBRERKISOFEE -

HPBRAR BB EEEROETEHT - A
ﬁ@ﬂ[ﬁ%ﬁﬁ—{ﬁﬂﬂﬁﬁp?ﬁﬁﬁf%é@Zﬁﬁ i a)
wW—TROBRE G -

ROWEREREREES R IMEENEE
i BRI R AR BT - BTE LIRS
EEEY  BMEESEARUBOERESR - B
RUBEREEE  BEIRSEM - (RBREKE
(1992, 1993);7 itn B i 2 B LR HIA 5% » A M8 B
EEFERFRAFER FERE - -THE - BE
B~ nKEE - NEER - RO EEET
EE=FWE/D > BEEREEsRaT (E
4) :

(WVERORT - AR LREEEE '/
BMTRBEAERE  BUEEE_TAR
PAE-

(21ER - BTERER R HEEEEERT
e REEFER  BUEEZERNEEERE
—FARMT- -

ERAACE > R LRSEERF > BT
R RIEKEE  BUEZE/N -

QEEEAFE/NMGT - BERERBHAE
2 RVEfERERR - AL ZME) -

GIEXEETELR - BTERMNRSWE
AHURMREECHHE - LEERT -
& O 7 J8 2 8 F B ity 30 8T P A DA g

WO EERERRE A ESFLX
& MRFHEEERTREEIRROEE
ZATERE  EHECHRRSREER B
5 AL B S e B o S M TR (back thrust
fault) -

HEASHEHAEEREEMFRIGE - T
BAEEESTEAE  BRiRRETFHE
& ERRMTTRE SR - MEEE - Ky
T/ 3L RO T B PR o R LR IR AR
—ElTEH RS EE - MEE—SNER -

W~ REB2FI12A16AXHHBREH
ST 8245 12 B 16 H A I 3 1 6 0 0 22 79 31

—127—



1 2 3 4 5 4 M a5 R

v S— - S—
Fe 40| B
Le
SUBVE S S S
e
s b Le
AR R Ys Le
£
ok B Nt sm
AT
Y- Cl ¥s
% 3E & N
' ‘ EAMS
Wy ok A Nk

At R

B4 4 E  E E (RTEE RS > 1992) - ZERBRETRDIRE - A DT R VT AU B R M 0 B M
U AT R A SR - T4 S PR 0 o 0 P SR - i R S M T - ERAREERN (P RS A+ B
B BRTEREITEME o e S R R R T R -

—128—



12/15 1993, WTP EQ.

EVENT FREQUENCY
OF EVERY 1 DAYS INTERVAL

6

[n
=
m
=
-]
=
1993 1993 1993 1983 1993 1993 1993 1893 1993
12 12 12 12 12 12 12 12 12
5 17 19 21 23 25 27 29 31
B5 KB RESEERT (EHERIERR)
120.1 120.3 120.5 120.7 120.9
, . 23.6
/(
o
i
A A
] 234 23.40 23.20  g.p
- 120.40 120.75) ¢ o
4 10.0
i £5.0
23.2 20.0
-
t o
e
o 6 ®
@ 230 ° &
/ ‘.
> 3,
2,
/ :
22.8

e AMHEFTIZHSEIFEMTER £ 0EIGHEIEEHE AR BRST - Ko EEKERE
— EALER - BRETA-ACHESG - GH  RERESTREEA-A"CHT - WRRB/FARER
B SFIRB AT - AR SRR R R 2135 + HA40ER SN EERTE -

—129—



(|S5) - FIRZAI6HBERRS BHBER - H=
BRUEZHE  BEHREERMERME
% 0 12821 0 DUk 0 R S 6 R E -

iz gowdiu. Ja gl hiuh - Fik -3 VeSFbc R
R S8{E 1t B HETT Bt S MR VRUE £ BEA3AT (JHD) » 3 DL

ERFBRENRE  Woh e EERIES T BR
oA R B 2R — FALER - RS
A—A"ZEIEZE - MRBBIFHARL KR
R B E L Rl R B EI RE g213
B MHAM0RRYHETE - B O 87 /8 7 Y R HT
R EE S - E RS - IR AR
Ry AR - RO R R - LA
SRS MLk 7R 2t R % S S PG TR P A

FRMBE MR RESWNET » FERK

-24.0

~-23.0

< ’—22.0

120.0 121.0

122.0

W7 st SR T < SR 1AIE
Eh TR -

PR~ AR DUR S R ST R AR 0 ARIE
FSREERBTAR > HHENSHEEESEN
POk - R - B HESREESR & - T
- BF - BREME R - :
HPRHRREREFEERBE S AT T E
BT REARMBYE N - BIAER Rk B
MERMER - FILHREC RERLGER -

" % B

ERE SR E KE SRR FEBE -
AFRLEMET T —EARBARRE ? Hiti
BASENTE » HRBEBEALS ARRE
RBWMTRHRBERE LF LRSI B
REEAMREREM TR SR NRE
B R—ERHAMRYERS  MReY
% . TEHPRRERERENN MRS ETX
EfF - RERMREWEE RS WL - ZRT
BELERHBENSRE  TERESEAM
BREEHE  ERTERE MBI - BN
ZERRMBMAERRET BT TS
S SRR - BRI 2 TR HE o

Btz s PRE S ERENERTZM
B2 %M - LRI - ThH
T 4 G R R Y B R R A B - TR
K teT AR A LT R 8E » 8
EENESHRSECIRE  MRENEE
Eo

S5 EHPEMRAREEGE Rkl > /8F
WM R B REEE  TRRASR ERGER
BEAHEAFETREHERA  UEEER
TRATRET @ BB R B LY S
B2 BN R T E RS R R R
HHENEES TR YIRS EARE LY
BT RE  PRA LR RIS -

N BER

S BRH(1990) BEE R L RN

B fSREE=TAEEIN > 129-136

Bk - BiEE - RED (1992) EWEITED

—130—



BB 2 i R AP (—) o fTEGR BAFRBREE - HRB BT REE82—10

EENEERE - WEMETRREGs1—22 e

Bk Seno, T. (1977) The instantancous rotation vector of
FHEA  EBEN > DEE (1993) EEETED the Philippine Sea plate relative to the Eurasian

W HEREEENFRE () o Tk plate: Tectonophysics, vol 42, 209-226.

THE DECEMBER 16, 1993 TAPU EARTHQUAKE

Kei-Wen Kueo Tzay-Chyn Shin

Seismology Center, Central Weather Bureau

ABSTRACT ‘
The December 16, 1993 Tapu earthgquake occurred in southwestern Taiwan and followed by
more than 200 aftershocks. It caused small damage in that area. The mainshock epicenter was
located at 23.21 N, 120.52 E by CWBSN. Its focal depth and local magnitude are 13.5 and 5.8,
respectively. The focal mechanism of the mainshock from traditional fault plane solution and the
distribution of earthquake sequence after the processing of Joint Hypdccntral Determination is a
thrust fault with strike 213: dip 40; and rake 96.
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Fig. 3 Comparing the NS component PGA of accelerograms of six accelerographs.
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Table 1 Comparing the component and polarity on accelerograms

COMPCNENT POLARTTY
TYPE
CH1 CH2 CH3 v N E
AS00 v NS B P vp e
IDS-3602 v NS EX up up DOWN
SRA-16 B v NS DOovey DOV up

# 2 RREHRER RREERE - BRRSE R

Table 2 Comparing the characteristics of four models accelerograyhs of CWB

f# = L 3
WY | EBAT | et | eE - - —
ECEANEE | FOORREMER | DR | BINEECIREE
ABQD 52 B0 1 MB 14 MIN 200 /S 72 dB
Teledyne
A900 Geotech 2 81 2 MB 27 MIN 200 /S 96 dB
A900 250 82 6 MB 87 MIN 200 /8 96 dB
IDS-3602 ¢ Terra Tech | 92 81 2 MB 23 MIN 250 /S 96 dB
SSA-16 Kinemetric 2 81 2 MB 28 MIN 200 /S 96 dB
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Fig. 5 Comparing the thiee component Average Relative PGA ratio accelerograms of six accelerographs.
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Table 4 Listing of Earthquakes

Crigin Time Epicentar

g

{UT}
Y MD HWMS LAT(® ' Ny | LONC B

1 119921228 5:23:25.34 235l.831 121 48,15
2 1933 123 8:59:26,31 24 4,841 121 44,57
3 |13 123 16:12:57.00 24 6,37 121 42,83
4 |1893 213 2:36: .3 23 45,73 | 121 48.47
5 1893 213 12: 2:30.43 23 55,19 121 32.89
6 |1883 221 B: 8:43.47 23 57,93 121°36.25
741993 222 3:30:56.31 23 67.34] 121 37.84
8 [1883 228 14:56:45.88 2358451 J21 37.28
9 [1593 326 10:14: .44 235064| 121 45,14
10 11893 326 16:35: 3.69 2358.771 121 36.86
11 |1993 326 16:43:1065 | 24 .95 121 37.21
12 |1893 5 4 19:15:30,52 23 59,81 121 37.98
13 11893 5 4 19:22: 7.97 23 59,21 121 38.04
14 1993 5 4 19:24:47.58 24 45| 121 38.08
15 11993 5 4 19:25:33.32 23 58,93 12t 37.24
16 1193 5 4 20: 8:34.06 2358711 121 38.31
17 1183 5 9 22:17:56.31 2390.95¢1 121 58.81
1933 517 1: 4:24.01 24 5.13¢ 121 33.07
19 11893 525 13: 2:45.83 24 2411 121 38.18
1833 525 13: 4:10.55 24 2.89 38.
2l (1833 525 15:35: 4,28 24 1.46]| 121 38.
1093 526 9: 2:43.38 24 2.53( 121 38.29
23 11993 526 9:42:37.84 24 2.8 121 3.7
24 1893 526 19:57:55.25 24 3.8l 121 37.97
1893 526 20: 2:30.86 24 3.9 37.8
1993 526 20:29: 4,59 24 2,53 121 38.41
27 | 1993 528 6:37:24.56 23 54,76 121 40.09
28 11993 529 23:20:32.47 23 55,65 121 27.83
23 11893 6 2 6:12:50.18 23 54,19 121 40,82
30 1993 6 4 7:17:10.99 23 58,71+ 121 49
3L 1983 6 5 22: 9:54.57 23 47,981 12) 47.59
32 |1833 615 15:41:45.95 2354391 121 2
33 [1933 g 21 23:31:13.83 23 55,36 | 121 28,16
1993 623 13:59:42.12 4,041 121 41.33
35 (1993 624 2:59:57.86 24 32,61 | 121 46.16
1983 624 10:39:37.1B 24 3.33] 121 43.40
37 |1993 624 20:38:38.91 24 35 1214340
38 11993 625 14: % 7.77 24 4,59 121 42,07
33 11993 626 6:51:13.17 24 6,42 121 40,41
40 11893 717 15:34:16.48 235262 121 27,44
41 (1893 816 2:31:23.61 23588 J21 38,11
42 (1993 916 12:18:45.36 23 58,18 | 121 40.34
43 11993 921 1i: 3:42.18 24 117 121 42,45
44 (1933 9 30 14:15:20.64 23 4485 121 37.45
45 1199310 1 4:10: 8,18 234549 121 3
46 11993 10 12 2:20:40.47 24 150 321 37
47 11933 10 15 10:51:55.53 234562 122 4,73
48 |1933 10 21 2: 7:42.,68 235463 ( 12l 28,06
49 1993 11 25 1: 1:30.54 235701 ( 12k 39,15
50 (189312 3 O: 1:39,58 24 17,07 1 121 49,45
6l |1993 12 9 2:48:17.68 235336 | I21 45.23
52 1199312 11 7:25: 8.20 23 46,19 121 39.18
53 11993 12 15 21:49:43.10 23 12.80| 120 31.42
1993 12 24 22:48:11.23 23 58,88 | 121 37.67
55 11993 12 24 23:31:16.72 235852 | 121 39.%5
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Origin Time (UT) Epicenter Depth ML Files
1993/ 9/18 2:31:28.61 23.98N 121.65F 23.3kM 4.14 ¢  EW—-COMPONENT
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-7 - .
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-r L
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Fig. 10 Accelerograms of EW component of No. 41 earthquake.
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Fig. 13 Fourier Spectra of EW component of No. 41 earthquake.
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#5 LMBHARTHS RS EPCAR

Table 5 The vertical component PGA of accelerograms of six accelerographs

Origin Time PGA(GAL)
No. (Um) ABQ0 A900 IDs3602 SSAl6
¥ M D H M S o7 028 210 241
1 1992 12 28 5:23:25.34 14.83 20,58 16.74 19.32 17.34 15.11
2 11993 123 8:59:26.31 19.14 22.08 | 24.52 23.38| 21.39
3 1993 1 23 16:12:57.00 4,31 4.36 4.30 4.96 4.87
4 11983 219 2:36: .35 5.26 4.90 5.50 5.08 4.58
5 1993 2 19 12: 2:30.43 4.79 5.62 5.26 6.64 6,69
6 11993 2 21 8: 8:43.47 2.39 2.13
7 11993 2 22 3:30:56.31 12,92 | 12.86| 12.50| 15.80| 17.03
B8 1993 2 28 14:156:45.98 2.46 2.63
9 1993 3 26 10:14: .44 4.79 5.26 4.48 4,60 4.84 4.31
10 | 1993 3 26 16:35: 3.69 11.48| 10,05 10.16 9.10 9.86 9.13
11 1993 3 26 16:43:10.65 4.31 4.31 4,18 3.40 3.58 3.62
12 (1993 5 4 19:15:30.52 6.70 6.70 6.70 5.74 6.88 6.52
13 1993 5 4 19:22: 7.97 1.80 1.74
14 1993 5 4 19:24:47.58 6.22 6.70 7.12 6.34 7.66 7.42
15 (1993 5 4 "19:25:33,32 2.10
16 1993 5 4 20: 8:34.06 2.22
17 11883 5 9 22:17:56.31 1.62
18 1993 5 17 1: 4:24.01 12.441 11.48) 13.70| 12.92 15.50| 15.03
19 [ 1993 5 25 13: 2:45.83 1.56
20 1993 5 25 13: 4:10.55 2.94
21 11993 5 25 15:35: 4.28 1.74
22 1993 5 26 9: 2:49.38 9.09| 10.05 9.58 7.96 8.08 B8.49
23 1993 5 26 9:42:37.84 1.20
24 1993 5 26 19:57:55.25 8.08
25 1993 5 26 20: 2:30.86 2.10
26 11823 5 26 20:29: 4.59 1.80
27 1993 5 28 6:37:24.56 1.92
28 1993 5 29 23:20:32.47 2.16
29 {1993 6 2 6:12:50.18 1.44
30 | 1983 6 4 7:17:10.99 2.39 3.35 2.70 2.76 3.00 2.74
31 | 1993 6 5 22: 9:54.57 1.02
32 1993 6 15 15:41:45.95 0.84
33 1993 6 21 23:31:13.83 1.50
34 1993 6 23 13:59:42.12 3.35 4.79 3.40 3.52 3.58 3.36
35 11993 6 24 2:59:57.860 2.29 2.359 2.40 2.40 2.45
36 (1993 6 24 10:39:37.16 6.70 6.70 6.64 6,76 7.48 7.02
37 {1993 6 24  20:38:38.91 0.90
38 | 1993 6 25 14: 9: 7.77 1.38
39 1993 6 26 6:51:13.17 0.90
40 1993 7 17 15:34:16.48 0.96
41 | 1993 9 16 2:31:23.61 2.39 2.87 2.94 3.00 3.18 2.86
42 1993 9 16 12:18:45.36 1.91 2.39 2.10 2.40 2.22 2.18
43 1983 9 21 11: 3:42.18 2.39 .
44 1893 S 30 14:15:20.64 3.83 3.83 3.46 3.34 3.76 3.59
45 [ 1993 10 1 4:10: 8.18 1.44
46 | 1993 10 12  2:20:40.47 2,39 2.39 1.80 2.18
47 1993 10 15 10:51:55.53 1.44
48 1993 10 21 2: 7:42.69 2.39
49 1993 11 25 1: 1:30.54 1.44
50 1993 12 3 0: 1:39.58 3.83 3.83 4.18 4.12 3.92
51 1993 12 9 2:48:17.66 2.39
52 1993 12 11 Ti125: 8.20 1.91 1.56 1.68
53 1993 12 15 21:49:43.10 1.44 1.91 1.92 1.92 1.98 1.97
54 1993 12 24 22:48:11.23 5.74 5.62 5.56 5.02 5.00
55 1993 12 24 23:31:16.72 8.61 9.57 8.86 9,10 9.64 9.48
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Table 6 The NS component PGA of accelerograms of six accelerographs

Origin Time PGA(GAL)
No. {UT) A200 A900 1DS3602 SSA16
Y M D HMS 017 028 210 241

1 | 199z 12 28 5:23:25.34 59.28 57.32 52.19 64.53 65.47 60.89
2 1993 1 23 8:59:26,31 60.77 58.62 64.06 63.221 59.71
3 1993 1 23 16:12:57.00 10.05 9.98| 10.76| 10.94] 10.21
4 11993 219 2:36: ,35 13.40) 13,401 15.02 14.66 ) 13.64
5 [1993 2 19 12: 2:30.43 11.01 11.06 12.20 12.32 11.47
6 | 1993 2 21 B: 8:43,47 5.74 4.93
7 1993 2 22 3:30:56.31 46.42 53,66 56,82 58.56 | 55.36
8 | 1993 2 28 14:56:45.98 5.08 5.12
9 1993 3 26 10:14: .44 6.70 6.70 6.16 6.82 6.70 6.18
10 | 1993 3 26 16:35: 3.69 8.61 8.61 9.46 9.22 10.40 9.40
11 | 1993 3 26 16:43:10,65 " 6,70 6,22 6.76 7.42 7.36 6.94
12 11983 5 4 19:15:30.52 14.367 13.88| 14.30| 15.50| 15.44| 14.08
13 11993 5 4 219:22: 7.97 ) 4.54 5.14

14 1993 5 4 19:24:47.58 26.32 23.451 27.46 29.02 1 29.72 28.08
15 | 1993 5 4 19:25:33.32 3.18

16 (1993 S5 4 20: 8:34.06 3.28

17 [ 1983 S 9 22:17:56.31 2.94

18 1293 5 17 1: 4:24.01 25,84 23.45 26.32 28,60 29.12 | 26.74
19 | 1993 5 25 13: 2:45.83 1.86

20 1933 5 25 13: 4:10.55 4.18

21 1993 5 25 15:3%5: 4.28 2.46

22 11993 5 26 9: 2:49.38 11.01 10.53 | 11.60¢ 10.70| 13.10! 10.97
23 | 1993 5 26 9:42:37.84 1.50

24 11993 5 26 19:57:55.25 9.28

25 1993 S 26 20: 2:30.86 10.40

26 1993 5 26 20:29: 4,59 2.28

27 [1993 5 28 6:37:24.56 1.92

28 | 1993 5 29 23:20:32.47 2.88

29 11993 6 2 6:12:50.18 1.80

30 1993 6 4 7:17:10.99 7.18 7.18 6.94 7.54 7.66 6.93
31 | 1983 & B 22: 9:54.57 1.68

32 1993 6 15 15:41:45.95 1.14

33 | 1993 6 21 23:31:13.83 3.40

34 | 1993 6 23 13:59:42.12 12.44 | 1l.48 | 12.56| 13.82| 13.94| 12.57
35 1923 6 24 2:59:57.86 6.22 5.26 5.50 6.04 5.54
36 [ 1993 6 24 10:39:37.16 18.66 18.18 19.44 20.76 21.06( 19.36
37 | 1993 6 24 20:38:38.91 1.98

38 1993 6 25 14: 9: 7,77 3.52

39 1993 6 26 6:51:13.17 2.04

40 | 1993 7 17 15:34:16.48 1.74

4L 11993 9 186 2:31:23.61 6.22 5.74 5.62 6.10 6.22 5.70
42 1993 9 i6 12:18:45.36 7.18 6.70 7.30 7.84 8.08 7.27
43 1993 9 21 11: 3:42.18 2.87

44 1993 9 30 14:15:20.64 13.40 11.96 13.88 14.36 14.72 13.94
45 1993 10 1 4:10: 8,18 ' 3.83

46 1993 10 12 2:20:40,47 5.74 5.74 5.98 5.86
47 1993 10 15 10:51:55.53 2.87

48 1993 10 21 2: 7:42.69 3.35

. 49 1993 11 25 1: 1:30.54 2,87

50 1993 12 3 0: 1:39.,58 13.88 12.44 15.38 15.68 14.29
51 | 1993 12 9 2:48:17.66 . 3.83

52 1993 12 11 7:25: 8.20 3.35 3.88 3.89
53 1993 12 15 1:49:43.10 4.31 3.83 4.12 4.24 4.36 4.07
54 1993 12 24 22 48:11.23 12.92 13.40 14.30| 15.32 13.60
55 1993 12 24 23:31:16.72 28.23 25,84 28.12 30.56] 31.52 28.61
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Table 7 The EW component PGA of accelerograms of six accelerographs

origin Time PGA (GAL)
No. ) AS00 2900 MS3602 SEA16
Y M D HMS 017 028 210 241

1 ]1992 12 28  5:23:25.34 | 26.32| 26.80| 27.76| 30.02] 30.92| 27.72
2 11993 123 8:59:26.31 | 49.77 52.04 | 54.68| 57.42| 52.28
3 11993 123 16:12:57,00 | . 5.74 496 5.50! 5.44| 4,96
4 |1993 219 2:36: .35 15.79| 15.26[ 16.86| 16.98| 15.31
5 [ 1993 2 19 12: 2:30.43 12.44 | 11.12| 12.14| 12.26| 11.00
6 | 1993 221 8: 8:43.47 3.35 3.29
7 11993 2 22  3:30:56.31 28.23 | 26.02| 28.48| 28.24| 25.93
8 | 1993 2 28 14:56:45,98 3,12 3.11
9 |1993 326 10:14: .44 6.22] 7.18| 6.28] 6.88| 6.8 6.33
10 | 1993 3 26 16:35: 3.69 | 11.96| 12.44( 11.72| 12.44| 12.98| 11.47
11 | 1993 3 26 16:42:10.65 3.83| 3.83| 4.54| 4.60] 4.78| 4.45
12 {1993 5 4 19:15:30.52 5.74| 7.66| 6.28| 6.64] 6.76| 6.19
13 11993 5 4 19:22: 7.97 3.18 3.34

14 {1993 5 4 19:24:47,58 | 11.48| 13.40{ 12.44| 13.46) 13.46( 12.42
15 11993 5 4 19:25:33.32 2.16

16 | 1993 5 4 20: 8:34.06 2.16

17 [1993 5 9 22:17:56.31 2.82

18 | 1993 517  1: 4:24.01 | 22.49! 24.40| 24.70| 27.52| 27.94| 24.60

19 | 1993 5 25 13: 2:45.83 1.08

20 | 1993 525 13: 4:10.56 2.76

21 | 1993 5 25 15:35: 4.28 0.96

22 | 1993 526 9: 2:49,38 6.70{ 7.66| 7.84| 7.66| 7.60| 7.42
23 | 1993 526 9:42:37.84 1.20

24 | 1993 5 26 19:57:55.25 5.56

25 {1993 5 26 20: 2:30.86 5.50

26 | 1993 5 26 20:29: 4.59 1.02

27 | 1993 528 6:37:24.56 0.90

28 | 1993 529 23:20:32.47 2.70

29 (1993 6 2 6:12:50.18 0.72

30 {1993 6 4 7:17:10.99 7.66| 8.61| 8.44| 8.92| 09.04| 8.26
31 | 1993 6 5 22: 9:54,57 1.44

32 1993 6 15 15:41:45.95 1.02

33 | 1993 6 21 23:31:13.83 : 2.22

34 | 1993 6 23 13:59:42.12 7.18| 8.61| 8.32| 8.68| 9.10| 8.19
35 | 1993 6 24 2:59:57.86 6.70] 7.18| 7.00| 7.78 6.99
36 | 1993 6 24 10:39:37.16 | 14.36| 16.75| 16.32| 18.12| 18.06| 16.12
37 | 1993 6 24 20:38:38.91 1.32

38 | 1993 625 14: 9: 7.77 1.86

39 (1993 626 6:51:13.17 1.50

40 {1993 7 17 15:34:16.48 2.70

41 | 1993 9 16 2:31:23.61 5.36| 6.29| 5.48| 5.86| 5.92| 5.43
42 {1993 9 16 12:18:45.36 6.70{ 7.66| 7.78| 8.20| 8.26] 7.62
43 1993 9 21 11: 3:42.18 2.39

44 | 1993 9 30 14:15:20.64 | 12.44| 15.31| 14.60| 15.50| 15.50] 14.39
45 11993 10 1  4:10: 8.18 3.83

46 | 1993 10 12 2:20:40.47 4.31| a4.79| 4.84 4.70
47 | 1993 10 15 10:51:55.53 3.35

48 | 1993 10 21 2: 7:42.69 2.39

49 11993 11 25 1: 1:30.54 3.35

50 | 1993 12 3 0: 1:39.58 9.09| 11.48 11.18 | 11.60| 10.82
51 {1993 12 9 2:48:17.66 2.39

52 | 1993 12 11 7:25: 8.20 5.26[ 4.84 4.79
53 11993 12 15 21:49:43.10 4.72) 4.31) 5.38; 5.50) 5.80| 5.33
54 | 1993 12 24 22:48:11.23 8.13 8.98| 9.74| 10.40| 8.84
55 | 1993 12 24 23:31:16.72 | 19.62| 22.49| 20.52| 22.26| 22.32| 20.52

— 148~




# 8 LLASOOIRME MRS M 45 s B = 2 I PCAZ(HH 2 IRy 5{E

Table 8 The average telative PGA ration of accelerograms of six accelerographs

CoMP.\ TYPE | AS00(017) | AS0OG(028) | A900(001) | IDS(210) IDS(241) S3816
vV (%) -3.103 5,664 0 -1.049 4.858 1.209
NS (%) 1.084 -5.690 o 6.969 9.760 0.825
W (%) -6.817 3.410 0 7.027 8.782 -1.033
_ - 1991: Specifications for 1991 CWB Digital Earth-
Lo M

AXBHRRRAEF R L RE R ERUR
mAseERm b RE  EEEBELRY R
HESESHRBRA{CIEHERRTE - FAW
FERENEFIZER - TP REGH -

R BEUK
1993: B RF(1993) 1 BB EHEE.
1991: Accelocorder II /A-800 User’s Manual, Teledyne
Geotech.
1991: Preliminary Operating Instruction for Model
SSA-16 16-Bit Selid State Recording Accel-

erograph, Kinemetrics, Inc.

quake Strong-Motion Accelerographs.

1992: IDS-3602 Integrated Digital Seismograph 95-
310309, Terra Technology Corp.

1992: Specifications for 1992 CWB Digital Earth-
quake Strong-Motion Accelerographs.

1993: Accelocorder II/A-900 Operation & Mainten-
ance Manual, Teledyne Geotech.

T. C. Shin and K. 8. Liu, 1993: Analysis of Field Test
Data of Digital Strong-Motion Accelerographs
at HWA Station, Report of Technical Evaluati-
ons of Free-Field Accelerographs and Strong-
Motion Structure Array System, 535-538,
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TAIWAN STRONG-MOTION INSTRUMENTATION PROGRAM
—THE CHARACTERISTIC COMPARISON OF FREE-FIELD ACCELEROGRAPHS

Kun-Sung Liu Tzay-Chyn Shin
Seismology Center, Central Weather Bureau

W.H.K. Lee T. B. Tsai
U. 8. Geological Survey U. S. Pacific Gas and Electric Company

ABSTRACT
The Taiwan Strong-Motion Instrumentation program has called for 1000 digital strong-motion
instruments to be installed at free-field sites and buildings in the Taiwan area within a six-year
period since 1992 fiscal year. Using six digital accelerographs installed at the HWA station, the
accelerograms are analyzed to study the characteristics of different instruments. We found some
interesting results as follows : )
1. The 16 bit digital accelerographs are better than the 12 bit digital ones due to high-
resolution, lafge-dynanﬁc range, especially for small events,
2. The polarity of different type of accelerographs are different.
3. The PGA of accelerograms of SSA-16 model accelerograph is nearly equal to that of
A900 accelerograph. Their average value of difference is about 1 %. The PGA of hor-
izontal component accelerograms of ID§(210), IDS(241) are 7 % and 9 % higher than
that of A900 respictively, although the waveform of the traces are similar.
4, From the spectra analysis, the Fourier amplitudes of all accelerograms, in the fre-
quency range of 1.0 Hz to 50 Hz, are almost identical. But the amplitude spectra of

accelerograms from A800 show different trend due to the low dynamic range.
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Table 1 Station name and total number of sensor which
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install in strong-motion structure array, CWB
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Table 2 Classifications of site condition of stzong-motion structure array, CWB
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Table 3 Table of data collection

— s PRI REIEERPA VTR (TAPBAL)

ORIGIN TIME{UT) R’k wE O OME
wWw £ A B o5 B #iE #E 28 ML
1693 1 23 08 59 26.3 24,08 121.74 28.5 5.4
24,38 121,95 8.8
24,71 121.82 84.3
24,67 121,81 73.4
25,14 121.67 145.1
24.86 121.78 93.3
24,67 121.78 76.4
24.90 121.91 118.1

1993 1 26 00 04 32.1
1993 1 28 08 10 12.1
1993 5 4 10 46 21.2
1993 5 6 10 22 51.9
19%3 5 20 G0 23 0.9
1953 6 6 14 35 49.8
1993 6 17 03 01 22.1
1993 B 18 04 49 40.9
1994 1 20 05 50 15.6
1994 2 1 22 44 27.7
STEMURBERA (HWABAL)

ORIGIN TIME(UT)

HYw £ A B WSy B

24,71 122.12 65.8
24.06 121.85 49.5
24,74 122.70 113.8

J1 e
(PRI I IR I T RN R VR

R E RE
HwE SEF 22

¥ 1 1992 9 28 14 06 2.9 21.88 122.67 17.6
2 1%93 3 26 16 35 3.7 23,99 121.61 .

¥ 3 1993- 5 4 19 1% 10.5 23.992 121.63 1.0

o 41991 6 24 02 59 57.9 24.54 121.77 65.0

5 1993 6 24 10 39 37.2 24.06 121.72 2.5

6 1991 9 16 12 18 45.7 21,87 121.67 21.2

7 1993 9 30 14 15 20,7 23.75 121.62 5.0

2 1993 12 93 00 01 39.9 24.28 121.82 64.7

v 9 1993 12 24 22 48 11.1 23.97 121.65 3.0

10 1993 12 24 23 31 16.8 23.98 121.66 2.9

11 1994 1 20 05 50 15.6 24.06 121.85 43.5

v 12 1994 2 1 22 44 27.7

13 1994 2 23 22 55 21.7

= BHETAS (cHYBAL)
ORIGIN 'TIME(UT)

W F R AR B

1 1993 5 18 10 19 34.3

24,74 122.70 113.8
23,96 121.75 1.3

L R R e H WA OWM QOO

& Al B
Wk #BE AR
19,66 122.70 188.6

©
rs
- & W Y Lo F - S
@ SOoNVRAMREURERE POCRREARDG

=B

2 1993 12 15 2% 49 44.3 23.21 120.53 10.9 5.8
M~ FaPEXRS (cHYBA2)
ORIGIN TIME(UT) BRER RE  RW
WHWY £ R AR B WmE BE LR ML
1 1992 X2 3 10 23 20.7 23.49 120.95 7.7 3.9
2 1993 12 15 21 49 44.3 23,21 120.53 14.9 5.8
3 1924 1 3 11 3 7.3 23,41 120.53 3.5 4,4
4 1994 1 20 05 50 15.6  24.06 121.85 49.5 5.5

o HWELE (CHYBAY)
ORIGIN TIME(UT) = i mE ORE
H® T R H ey B WIE ORI AR ML
1 1993 12 15 21 49 44.3 23.21 120.%3 10.9 5.8

/INEEERARERL - 3~ 4 OR12) EES T RERICE
TEE—# 47 - IR SREYEN AR R
RIE - Aot BR R EOE R -
HEAAWAEEBEMN A AR AMERE
(PGA : Peak Ground Acceleration) St~ % »
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—IRT S - HHFH PGALLIEREN PGAK » B
T =8y PCGAJLFRE /N HEHIBHY PGA | HER
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EEYEE EWPCARBEM W PGA TR
RI—EFEEh ¥ POAE M A FEE LB
b - HiTm L8y PGAEFEERERFTEMER
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WREN > ETEEMESEREE K EE
R AHEEYSEREELRRT T 8N
FERYRIE, - It B R# LRIPCA A G 8 ERYPGA
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B REERIEILE » B ENR S E R
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R BRI AE - B et B R —
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BB B B B AR L A - 7EAR SRS
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%) - HRERLLE N AR SR FETE
BB A BT » S R B
R SEAT R ol -

BRI HBAY IR A1 » R AT G
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Hardware Overview
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Fig. 1 Hardware overview of strong-motion structure array

—155—



TSR )

FENIGT © 2243

£
v & i i er ok iiiiiiiiiﬂﬁiiiiigiiiii """ .gr‘;‘i_'!iiiiii'i Hiiiiﬁiﬁﬁiﬂiiiiiiij’"" HHT J'iiiiiiiiiiiiiiiiiiﬂﬁjiﬁﬁﬂ Giak
S [uu}‘lﬁiﬁi’iiiiiEiiiﬁiﬁiiiiiiiii! """ 13350 iR ﬁiiiiiiﬁ—iﬁiiiiiiﬁﬁi it umlnmnnmlmuln T}
an - _ | s oo 17
Y NI RAR S AR AERERE ARENEG ARANAR | l
o B MMPM%SWMHWm¥wN i SR TS S AT S
g‘ EH_ iR duiee) maaa 413515 AET KL A TiTEE BaRaRd Bid i1 ﬂiﬂ" T
Sl o i ] 1
T
350

B 2 SR AR 2 5 T

Fig.2 The sensor location profile of strong-motion structare array of Ming-1Li elementary school.
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earthguake in table 3. The symbol "A" and"[]"  jndicate the

PGA values in transverse and longitude direction respectively.
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Fig. 5(a) Amplitade spectral ratio of Ming-Li elementaty school of no. 9 earthquake in table 3. Different types of line in-
dicate the spectral ratio of central part longitade record at different floors.
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Fig. 5(b} Amplitude spectral ratio of Ming-Li elementary school of ne. 9 earthquake in table 3. Different types of line in-
dicate the spectral ratio of left side longitude record at different floors.
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Fig. 5(c) Amplitede spectral ratio of Ming-Li elementary school of no. 9 earthquake in table 3. Different types of line in-
dicate the spectral ratio of right part longitude record at different floors.
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Fig. 6(a) Amplitode spectral ratio of Ming-Li elementary school of no. 1 earthquake in table 3. Different types of line in-
dicate the spectral ratio of central part longitude record at different floors.
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Fig. 6(b) Amplitude spectral ratio of Ming-Li elementary school of no. 3 earthquake in table 3. Different types of line in-
dicate the spectral ratio of central part longitude record at different floors.
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Fig. 6(c) Amplitude spectral ratio of Ming-Li elementary school of no. 4 earthquake in table 3. Different types of line in-
dicate the spectral ratio of central part longitude record at different floots.
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Fig. 6(d) Amplitude spectral ratio of Ming-Li elementary school of no. 12 earthquake in table 3. Different types of line
indicate the spectral ratio of central part longitude record at different floors.
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Fig. 7(a) Amplitude spectral ratio of Ming-Li elementary school of no. 1 earthguake in table 3. Different types of line in-
dicate the spectral ratio of central part transverse record at different floors.
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Fig. 7(b) Amplitude spectrai ratio of Ming-Li elementary school of ne. 3 earthquake in table 3. Different types of line in-

dicate the spectral ratio of central part transverse record at different floors.
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Fig. 7(c} Amplitude spectral ratio of Ming-Li elementary school of no. 4 earthquake in table 3. Different types of line in-
dicate the spectral ratio of central part transverse record at different floors.
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Fig. 7(d) Amplitude spectral ratio of Ming-Li elementary school of no. 9 earthquake in table 3, Different types of line in-
dicate the spectral ratio of central part transverse record at different floors.
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ABSTRACT

This study describes the progress of installation of the strong motion structure array under the

Taiwan Strong Motion Motion Instrumentation project from FY 1991 to FY 1994 and, fruthermore,

uses the data recorded by the strong motion strong motion structure array 2t the Ming-Li

Elementary School for the PGA value and wpectral ratio analysis.
Generally speaking, the result of the PGA value analysis shows that, in the events with large

epicenter distance, the value increase with the height of building. In the cases of short epicenter

event, however, we obtained bained basically random values. The spectral ratios of seismogram in

building to those in free field are analyzed. The dominant frequency is different for various

earthquakes and does not agree with the result obtained from the background test.
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CWB Seismic Database

0. Exit

1. Display messages
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Enter your choic :

HEAEEIREEIMTER - HpSpromtTHE
EF FISQLEEFER - ThiEE S - MMM
YRR - PR - ERAESQLEY
Xrewieve QI B FIH XHBEHBR » THBBALMIE
T REARFHE L IURERITHR » W AR
TR BN - [ R TRy B A T DA
% RALE  HRAAERELEER  HRER
ELBENE -

|ABRE I TR HRAMBER » &L

ERE
Central Weather Bureau

Seismological Observation Center

Name:

Insti:

Street:
City: St: Zip:

Email:
Phone: ()-
Fax: ()-

Mediem:-
0. Exabyte Cartridge Tape
. 1/2" 9-track Tape 6250 bpi
. 12" 9-track Tape 1600 bpi
. 172" 9-track Tape 800 bpi
. 1/4" Cartridge QIC 11
. 1/4" Cartridge QIC 24
. 1/4" Cartridge QIC 150
. Electronic (ftp-able)
8. Digital Audio Tape {Dat)
F—RE FHspuout - HEAFZFFIHHEE »
TRIFRMA TR - B XDURAARAES -
ARHENE BIH A AR B WRTERBEIEA
sprout » it Fsprout,s FERFFEE
iﬁe**-*'*******%*************%***
¥ CWB Data Management Center

& *
R R b o e o ke ol Rk
Type " show db*;" for a menu of databases.

~ N L R W N =

ok e

Type " set db=#;" to change databases.

Type " help;" for help with available commands,

PLEASE NOTE: All commands must end with a
semi-colon,
Default daiabase is CWB Database for Year 1993,
sprout:
sproutfE R ER AR - WEFSEHRA T
RREFERETER &M -
sprout: days;
Days archived by: 1. network 2. month 3. station
Enter your choice: 1
Generate report -
Data archived for 1993
1111111111222222222233
1234567890123456789012345678901
JAN  XOXXXXXXXXXXXAXXXXXXKXXXAXXKK
FEB xXxXxXXXXXXXXXXXXXXXXXXXXXXXX
HAR XXX XXXXXXXXXXXXXXXXXXXXXXXXXKXXK
APR XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
MAY XXxxxXRXXXXXXXXXXXXXXXXXXXXKXXKX
JON XXXXKXXXXKEXXXKXXEXXKXKXKEXKXXX

JUL XXXXixxXyXXXxXXXXXAXXXKXXXXXXXXXXK

AUG

SEP
OCT
NOV
DEC

FH X HEHL  RABAENRHEBEE
HRES  ERTHFEFEETERER AR
S =B TR TEETT  ARTERSH
FEH O RHEEE R 2F helpiE <y » STIRA "help;”
A AERYEE - BUEEE B2 B # Thelp
oy o BITTERA B 60 FI s o HEGE F sproutfd 4y
W AES - BERBN—28 T 4 > HE5
A HE S B BRSSO B AT -

3B Xreirieve + MABCEIRE » RMEEER
WASLAENVERERE > DUEEERSWEBEHN
HIXTRE - B4R Axretrieve B FTMHZ RE
H FHhEEF » 4B User Information - Enter
Criteria - Search  Send RequestF QuitZ1H » HEF
HFARESTHEBELS TR L BiEE L
SELECTH# MW X I RB 2 i & - User
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5. User Information
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6. Enter Criteria

Information ( B5) ZEAEEAER - Hsprout
—i > AFE-REFERALEER  FIX
DU FUR# A & 2ENE 5 Enter Criteria (H6) &
MEAFREBRCBRE  ERMAFBRERE
PEREND - RIS - GRS R BEIBRMEE
HERS B Done FRi# SELECT@ B[ Hf ; Search 2R H
EHMAZGEERAFENEFEECHEILRE
HARE L > BEFAEERF KB EIERE  Send
RequestHI 2 # A FHN B R EFBESGHRZR

N8B R

ExkE—HNERIE  EHE (A
=) E-ABRERENEREATFEZ AR
BEF - HATR TR TN R Ee
LhRE AR HEE A -

HPSEEDRER B —ER MR (exchangs
format) SEERRNNT - REEE - HILARHE
WG R > WHSEEDEMRSAC - AH * &
CSSZE =MW B2 s i =, (analysis format )

. bin
L ‘ BREQ_FAST.man
— dev manuals < sprout.tar.Z
ftp —— pub — 1 programs —— rdseed.tar.Z
 etc L userdata
[ usr

THApE &
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DMERA - A REEEAETFEAREBRE
sprouti2 2 5RHH - B E 4 (anonymous ) ftp
o BTSREERZ B REE K HBREQ
FAST.man 58 F#{F 7 £ A 3R EH » sprout.tar.Z5
sprout F2 5,7 SR EH » rdseed.tar ZHI 2 1% B M
Z_CE o

h-#% =&

FREBHAEDZRBMPFRE S - &
KFHERSHEMARMRE  HEZRGER

FHRB A - W HEE - HESRAEHNTER
HFEFRNER  HEERRNERTRERA
BIZhEE - MRAEZ MR - HEARHER M
BRI REERRENE - FEREBIERE
FEANRREIPRESZRBBRERARER
# > EREHEAEREEATRKRRRALTH
WY oFERA BTHEIEMEEE BTHE
RFAMEBEOUERBELESN  WpHEEHERR
54 -

TAIWAN STRONG-MOTION INSTRUMENTATION PROGRAM —TAIWAN
SEISMIC DATA MANAGEMENT SYSTEM

Jiunn-Shyong Tsai
Central Weather Bureau

ABSTRACT

The Taiwan Seismic Data Management System (TSDMS) is established as an IRIS

(Incorporated Rescarch Institutions for Seismology)-style under the "Taiwan Strong-Motion

instrumentation Program " The following design concepts were formulated:

1. The database will inclnde the weak motion data as well as strong motion data, The data

from special seismic projects and other geophysical data should be considered in the future.

2, For events of interest, the data will be made available via computer network to the seis-

mological research community.

3., After quality control the time series and its associated data will be archived on a mass stor-

age device.

4., Request for data can be achieved through interactive or batch processing.

The weak motion data in TSDMS is available from Jan. 1994,

In the next stage, the strong

motion data including free-field and building array will be atchived.
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REEFEB=+NEE=H

EEmAYEEABRTRWIE
A
o1 O 57 50 SR Hb B S s o L
W B

Bt R R R DA R E A2 E R SR SRE RS- 3 - It B8k
TR TEEHGER - EERENGER F B RE Sk TR AREEE - 2R6—8
AT iR REIRY - ASCRE T 27EEEMBIR(<I12AH) MR - R ERRE S e
AR BB AT R/ N R R > RS IERARA 2/ - B
HERERENE TAHR > O RENEZEE®  EETERE M Lel YRR
=HE - T ERFRNP0.6HzE2Hz 2 [ - iU & S WP By P e R
BB IRE » PSR RERN RN VR ERE R - RERERE(L 5 E
MR RNE - 3 B BRI 9MEN R - DERERITHRELSENE -

# © RER

EHCSEE ST B R R LM
HFEEWHME  EEBFABAIBREESS
¥ PR ETRSEERL EFLE
Pl - LeiiEERBEA Y BIRE S AH RS
Aoz H HEESnESgi 2% o Press and Ewing(1952)
FO R Let B AR B P (higher mode) FRHI7E
B R o B BT TR AT RS 0 ] TR —
B (channel wave) - H U PR H T LY
Tt o UTERZR B SEGSLER FLe AR H
TR (Nutli » 1972 ¢ Campillo et al, »
1985 ; Shin and Herrmanu » 1987) - Lg #EETIE
(scaling) BG P HOBIFRERAYMEE (North » 1985 ;
Nuttli + 1986) « i I mE BB TR
(Gregersen,1984 ; Kennett » 1986)% -

BTEREERZA ERWEEEEEN
WRT  EEHANMEBEE  SRETUEHEH
4138 HA B [ F T i (fundamental mode Rayleigh

—Hl

waves + Rg{RYMERS = FEF 5 BE SR L 57 H il
ERE IR A R E > EReHEHIA
Hi(dispersive) i 4 R LU R 8 Y 73 BE 5 (Kafka
and Reiter » 1987 ; MacBeth and Burton » 1586 ;
Yao and Do:map » 1992)

B T S R A (T 1982) - B
PR B E A D R R o AR AR
Bt AEHTHEBENBEEERT SN

- BEZTAAE  TENRERNET - S8 &

HILgi & R34 - 120788 1 B 3R T ™ (waveguide)
BREGETBRENHREBE - §2EB T ERESR
B4 3t 7 FT 8 (Campillo et al. - 1984) - K7 - Rgif
EREEEEOEERT - @A IRATM
HATRERRFDIEEBANReY - RKMEE
BRHHRERPMARR » e B Re il (Kafka
1990) - B —#ES{ERBENESEET - SEEm
BHRRETHANN RERLERNSBIREE
B35 f%(Yeh and Chung » 1993) - AT = 4R
EWIEET  HRENTSENEE  REEE
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B SR REE - BB.EL > BREREN TR
+AEBE o K o SERERBRE—EA/D
Z b BN ERERS SR EREEEN
B {ER - SWHEENEREERSEERFNR
& o T B EAES B - RN
REDEMBERERE DR R aE S
BRI E ERES -

LR S AR ERECWBSN) FAH I,
(WTC) FIPY¥AHISE(WSE) - Bx T fEH H AR 5E8
BB T SR B BRI Rg B 2 5 - BRIME K
o RAIS B AHRIRAT B (B 1 TSR
fag) - HEHE R - HERF(duration) AT RFE 205
LE - — iR BESLE AP RBREHE
(trigger leveDEBERIFT B » RERMHENEEWE - 8
MR ESBREHEINORE  RKZEB/RY
B Wy (2 L IV )T S0 4 1t R R B Sk WM B L BT 2L

#1 HE2H

SO ERB AR o RS EREE R BT
H—RieiE - SRR - RIEADNREE
AR > I B A (E B Le g i iR (F — o >
PRSI B B AU R B ERIRAE - B
BRI R RREEE - B - ERLDUN TSR
BRI R BRI S RR &
REHOMANMENBRAREETE—~FIOR
% o

=~ B
FHARERATRREFEACHE#EG
HRE - oS RO R AR R AR
(semsor) 5 =43 B S-13 B ERt =l - &
B #A4E 3R (natural frequency) 51 HzZE 5 » HuliyEh
SRR S M bR - ENEF DSOS BRI R
BURR RS 100 ¥ -

Table 1 Source parameters of events used in this study

iy bmkd BEEF HE L EERE  AMm

(LT 6y (E) (km) (N
108 B 1991703705 1:42 22°51.63 120°41.30 10.15  4.53
116 € 1991/03/12 6:54 23°13.36 120° .35 7.44  4.93
121 € 1991703712 19:16 23%12.82 120° 7.71 6.24  4.88
122 © 1991703712 19:46 23°12.37 120° 5,33 7.74 4.74
124 ¢ 1991703712 20:13 23%11.74 1209 1.48 7.71  4.1%
150 B 1991/05/16 4:50 23°12,04 120°28.97 8§.06 4.26
160 A 1991/07/20 17:42 24°34,52 120°53,10 6.80 4.16
195 B 1991/12/24 2:51 23°10.95 120943.63 7.60 4.92
220 € 1992702703 10:37 23°14.52 120° 4.03 8.03 4.51
225 ¢ 1992/02/12 0:23 23913.95 120° 3.77 8.02  4.19
235 B 1992/03/24 5:03 23°938.77 120°54.86 5.19  4.65
248 A 1992/04/20 16:16 24°27.05 120742.86 8.80 5.14
258 A 1992/04/29 16:54 24°27.64 120%44.02 11.13 4.02
275 B 1992/08/24 18:37 23933,36 120°40.95 9.33  4.71
305 B 1993702708 0:27 23923.97 120°39.47 6.08  4.24
310 B 1993704707 8:17 22955.18 120°49.74 2.07  4.88
312 B 1993704716 21:10 23° 9.50 120°49.20 4.69  4.87
315 B 1993/04/25 22:14 239 7.01 120°40.62 5.63  -4.40
366 B 1993/09/19 18:35 23°926.09 120923.74 4.83 4.13
387 B 1993/12/17 2:00 23°931.92 1209356.71 5.95  4.23
3gl B 1993/12/20 3:32 23%13.05 120°31.06 11.21 4.4
395 B 1993/12/22 16:22 23°12.63 120°30.62 11.71  4.63
401 B 1994701702 19:15 23° 0.70 120°56.9% 3.21  4.32
402 B 199401702 19:19 23° 0.44 120°57.47 4.16 4.09
402 B 1994701702 21:04 23° 0.68 120°57.83 2.70 4.26
404 B 1994/01/03 9:01 23°24.59 120°31.75 3.54  4.39
405 B 1994/01/03 9:12 23%924.62 120%32.15 4.48  4.37
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Fig. 1 Examples of seismograms(the arrows indicate the waves discussed in this study).
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1991.03-1954.01

W 2 EMEHHE IR A - KR ERTR A AT AT 2T E AR B0 T SRR A S AT R R
(WTC) RISE B PUHIWSE) JRSEAIE - BRatsr RAL TSR (Sun and Hsu, 1991) -

Fig. 2 Epicenters in western Taiwan, The 27 earthquakes selected for analyzing are denoted by the solid circles. The locat-

ions of station WTC and WSF are denoted by the solid squares. The shadow zone represents Peikang Ridge(Sun and

Hsu, 1991).
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Fig. 3 Relationship between Lg wave((a),(b)), horizontal slow wave(HISW)((c),(d)) and epicentral distance. Group A, B,

and C are represented in different symbols respectively. The top of each vertical bar means the onset velocity of the

wave.
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Fig. 4 Relationship between average amplitude ratio of HSW and Lg and epicentral distance.
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Fig. 6 The running spectrum of the N-S component of WSF sgismogra.m for earthquake No. 235,
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Fig. 7 Fourier spectral ratios of HSW and Lg.
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(b) PARTICLE MOTION
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PRELIMINARY STUDY ON THE SHORT PERIOD SURFACE
WAVES IN WESTERN TAIWAN

Jen-Kuang Chung

Seismology Center, Ceniral Weather Bureau

ABSTRACT

Since the major update of the Central Weather Bureau Seismic Network(CWBSN) was
undertaken, groups of strong waves are usually observed on the horizontal seismograms of the two
stations coded as WTC and WSF. There are 27 local earthquakes of focal depth shallower than 12
km 1o be analyzed in this study, By the amplitude and velocity analyses, these waves propagate
with the group velocity between 1 km/sec and 2 km/sec and are amplified in three times larger than
the average amplitude of vertical Lg waves in the case of the events shallower than 7 km in depth.
This kind of slow group waves might be interpreted as the short period surface waves in
coorperation with the path effect of seismic waves and the features of the geological structures in
weatern Taiwan. The polarized particle locuses show the Love type motions and are seriously
inclined due to the lateral heterogeneities.

Key words: sarface waves
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Fig.5(a) Seismicity and seismic moment distribution of Taiwan area(1991-1953).
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Table 1 Source parameters of focal mechanism solutions

No. DATE TIME | LAT LON DEP |MAG| NODALPLANE | NODAL PLANE
YM/D H:M °N °E (KM) | (Mp) |DIP STRK RAKE |DIP STRK RAKE

1] 910309 § 2215 | 23.83) 12085 302 4.6 41 31 -10{ 84] 48] -131

2| 910312 [ 0604 | 2325 120.07] 123] 5.7 80| 23 170{ 80} 322} 10

31 910328 | 0716 | 23.82) 12086] 276 4.1) 70| 23 1701 81) 324, 20

4 | 910623 | 1803 | 23.17] 120.54] 106 4.6/ 52| 15 63| 45 15 120

51 910806 | 1731 23.87 12077, 278 4.1} 30} 33 70| 44} 180y 112

6| 910808 | 2022 | 23.41| 12047 7.8 37t 70/ 1B 52| 42{ 74 149

71 911029 | 0821 ; 23.82) 120.74) 146] 44 58 20 64; 40] 70| 125

8 | 911222 .1 2135 | 23.63] 120.60; 14.6] 3.5/ 80 8 175[ 85 171{ 10

9 1 511224 | 0251 23.18] 12073 7.6) 49 33, 24 152} 75 0] 60

10 | 920203 1037 | 23.24] 12007 83 4.6 80 32 40| 51} 222] 167
117 920204 | 1005 ) 23.16 120.40; 158 4.7 50; 31 41 60] 195 132
12 ] 920324 | 0503 | 23.65] 12091 52 4.7 90 7 180] 90} 162 0
13 ] 520824 | 1837 | 23.56] 12068 93] 4'H 50| 24 90y 40] 60 90
14 | 921122 | 1425 | 23.34] 12067 12.1] 4.1 62 5 140} 55| 167 35
15 ] 930119 | 1035 | 23.44] 120.43] 122 43 85 7 170] 80} 165 5
161 930416 | 2110 | 23.16| 120.82f 471 49| 75| 34 0] 90| 250{ 165
17:] 930425 | 2214 | 23.12] 12068 56| 4.4} 8l 32 -30] 60] 60] -170
18 | 930628 | 1226 | 23.77| 120.78] 254| 4.1| 61l 22 132 50| 340 40
191 930816 | 1637 | 23.30| 120,16] 10.7] 4.7 82] 3| -140] 50| 300 -10
20| 930816 | 1711 2330, 120.15 11.5] 44} 80 2 -170] 80| 290; -10
21 ] 930817 | 1246 | 2330 120.13] 12.6/ 4.3] 80] 2] 170] 80| 302 10
22| 930919 | 1835 | 23.43] 12048} 48| 4.1] 54| 16 53] 501 35| 130
23 | 930922 | 2243 | -23.38] 120.53 83| 39| 40{ 18 96| 50 0] 85
24| 930929 | 0732 { 2277 120.82] 147] 4.5 44 20 112 50| 350; 70
25| 931126 | 1922 | 22.85 120.67] 152| 4.8] 46/ 20 50[ 45) 35| 100
26 | 931203 1023 23.49] 12095 7.1} 39 B8O 32 -30 61 61f -169
27| 931215 | 2149 | 23.21] 120.52] 10.8] 57 56 20 971 35 10f 80
28 | 931217 | 0159 | 23.53] 12095 59 42| 62/ 31 -23| 70| 60| -150
20 1 931217 { 0231 23.52f 12095] 6.6] 4.4 65 32 -5t 86 52| -155
30| 931220 | 0332 | 23.22{ 120.52] 10.6] 44| 41/ 15 49 60| 20[ 120
31 ] 931221 | 0314 | 23.21] 120.53) 10.4| 4.5/ 50 16 40l 50l 45| 120
32 931222 | 1622 | 2321 12051) 11.7f 4.6{ 89 4 170 80{ 130 1
331 940103 | 0902 | 2341} 12054] 3.5/ 44 6l 26 132 501  20] 40
34| 540103 | 0911 23.41] 12054 38 43/ 70 2 60| 36| 259] 144
357 940131 | 2327 | 23.61] 121.000 59 4.1 701 33 -11] 80] 65] -160
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FOCAL MECHANISM AND TECTONIC STRESS
ANALYSIS IN CHIANAN AREA

Jiun-Shi Jiang
Seismology Center, Central Weather Bureau

ABSTRACT

The conventional first motion focal mechanism solution was used to estimate the tectonic
strain and stress state in the Chianan area. The P. B. T axis both indicate the principal direction of
seismic moment tensor and seismic strain tensor. The moment tensor of each earthquake was
constructed from the individual focal mechanism solutions and from an estimate of the scalar
moment derived from the moment-magnitued relationship. The sitress inversion uses both
graphical and numerical methods to resolve the fault plane identification(ambiguity} and the
compatible regional stress problem. '

The result shows that the average tectonic strain state is dominated by SE-NW compressicn
in the Chianan area. All of the different focal mechanism solutions should be not due to a single
stress tensor. In average, the maximum principal stress oriented W-E and deviatoric stress ratio is

about 0.6,

Key words: Focal mechanism, momtent tensor, stress tensor.
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1993 6 24 17 22 11,23 24 23.73 122 3.82 24.89 4.11
1993 6 28 12 26 52.72 23 46.45 120 46.85  25.44 4.07
1993 7 2 2 39 11.41 23 5.71 121 22.81 I7.22 4.16
1993 7 5 4 57 51.64 22 52.90 121 30.50 16.82 4.37
1993 -7 11 14 30 40.47 24 22,44 122 .84 24.57 £.43
1993 7 25 3 3 26.12 24 21.28 121 S1.25 9.08 4.53
1993 7 28 15 42 6.27 23 11.44 121 30.73 33 39 4.32
1993 8 3 22 2 51.88 22 24.49 121 37.52  10.68 4.31
1993 8 10 13 18 19.15 24 18,30 121 35.74  54.04 4.79
1993 8 10 15 24 2.83 24 6.03 121 .77 29.32 4.10
1993 8 12 16 50 34.81 24 22.06 121 49.67 B.35 4.53
1993 8 16 16 37 2.43 23 17.82 120 9.32 10.72 4,69
1993 8 16 17 11 46.84 23 17.72 120 8.89 11.46 4.40
1993 8 26 11 13 2.83 24 2.96 121 44.33  26.39 4.11
1993 8 27 0 29 31.61 23 47.72 121 43.15 27.56 4.03
1993 9 19 18 35 9.68 23 26.09 120 28.74 4.33 4.13
1993 9 21 §1 3 42.18 24 1.17 121 42.45  27.85 4.46
1993 9 29 7 32 54.24 22 46.39 120 49.18 14.71 4.50
1993 10 21 22 48 43.60 24 26.15 121 43.04 58.17 4.55
1993 10 24 18 3 51.56 23 11.19 121 41.45  30.07 4.93
1993 i1 13 11 18 58.53 22 44,51 121 23.50 29.22 4.36
1993 11 26 19 22 36.75 22 50.72 120 40.24 15,24 4.78
1953 11 30 19 2 26.08 23 1.59 121 38.78 8.35 1.82
1993 12 3 0 1 39.58 24 17.07 121 49.45 64 69 5.35
1998 12 15 21 49 43.10 23 12.80 120 31.42 12.50 5.70
1993 12 17. 2 0 7.37 23 31.92 120 56.71 5.95 1.23
1993 12 17 2 31 38.33 23 31.38 120 57.14 6.61 4.39
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. 19893 1 23 8 59 26.31 24 4.84
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EARTHQUAKES IN 1993

Zein-Shen Chang

Tzay-Chyn Shin

Seismology Center, Central Weather Bureau

ABSTRACT

This paper studies the 5446 earthquakes detected by the Central Weather Bureau Seismic

Network in 1993, The tectonic meanings from the view of their spatial distributions and activities are

discussed, The stress analysis of the Taiwan area in the same time period is also studied by using

the focal mechanism of 61 earthquakes including 3 earthguake sequences.
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