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CWB Free-Field Strong-Motion Data from the 21 September
Chi-Chi, Taiwan, Earthquake
by W. H. K. Lee, T. C. Shin, K. W. Kuo, K. C. Chen, and C. F. Wu

Abstract The Chi-Chi earthquake occurred at 17:47 on 20 September 1999 and
is the largest earthquake (Myy, 7.6) to have occurred on land in Taiwan in the twentieth
century. This earthquake caused considerable damage and was named the “921 Chi-
Chi Great Earthquake” by the Taiwan government, as the local date was 21 Septem-
ber. Because an extensive strong-motion instrumentation program in Taiwan was
completed by the Central Weather Bureau (CWB) in 1996, over 30,000 digital strong-
motion records have been obtained from the Chi-Chi earthquake and thousands of
its aftershocks. These records form the largest set of strong-motion data recorded
from a major earthquake since strong-motion seismology studies began in the 1930s.
This data set is important to seismology and earthquake engineering because it in-
cludes over 60 recording sites within 20 km of the fault ruptures, which provides a
five-fold increase of such near-field records available for the entire world.

A prepublication CD was made available in mid-December 1999, and the data on
it have been used by many authors in dozens of articles published so far. Since then,
we examined about 10,000 strong-motion records and conducted a first-order quality
assurance procedure for all the records obtained on 20 September 1999, including
the mainshock and hundreds of the early aftershocks. We performed extensive data
processing for quality assurance and selected a total of 663 strong-motion data files
from 441 accelerographs to construct strong-motion records up to 4-min long for the
mainshock whenever possible. In this article, we present a brief description of the
processed acceleration data from the Chi-Chi earthquake. The data set (about 500
megabytes) and an extensive 562-page report (documenting the data processing and
results of the processed data) are archived on the attached CD in this Special Issue
so that users can quickly access this valuable data set for their research.

Introduction

The Chi-Chi earthquake occurred at 17:47 on 20 Sep-
tember 1999 and is the largest earthquake (My, 7.6) to have
occurred on land in Taiwan in the twentieth century (Shin
et al., 2000). This earthquake caused considerable damage
and was named the “921 Chi-Chi Great Earthquake” by the
Taiwan government because the local date was 21 Septem-
ber. The Central Weather Bureau (CWB) in Taipei has the
official duty of monitoring earthquakes in and near Taiwan
and was fortunate to have completed an extensive instru-
mentation program in 1996 at a cost of about U.S. $40 mil-
lion. Over 30,000 digital strong-motion records have been
obtained from the Chi-Chi earthquake and thousands of its
aftershocks. These records form the largest set of strong-
motion data recorded from a major earthquake since strong-
motion seismology studies began in the 1930s. This data set
is important to seismology as well as to earthquake engi-
neering because it includes over 60 recording sites within 20
km of the fault ruptures, providing a five-fold increase of

such near-field strong-motion records from major earth-
quakes for the entire world.

For the mainshock, 441 digital strong-motion records
were prepared and processed using 663 triggered data files
recorded by 441 accelerographs. A total of 640 digital ac-
celerographs were deployed at the free-field sites. However,
199 accelerographs did not record the mainshock due to vari-
ous reasons, for example, some accelerographs were under
repair, electricity to some sites was cut off due to construc-
tion, the internal battery of some accelerographs failed, or
the trigger level of some accelerographs was set too high,
and so on. There are also 55 strong-motion arrays (30-60
seismic channels) in operation in buildings and bridges, and
35 of these arrays recorded the mainshock. Although each
strong-motion array has a three-component free-field accel-
erometer, these data are not included here. Also, several
other institutions in Taiwan, especially the Academia Sinica,
operate strong-motion instruments in Taiwan.
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After the occurrence of the 921 Chi-Chi earthquake, it
was clear that CWB had recorded the best (in quantity and
quality) set of strong-motion data for a major earthquake
since studies of strong-motion seismology began in the
1930s. An intensive effort was made to perform a first-order
quality assurance procedure so that the data could be avail-
able for research as soon as possible. For practical reasons,
the free-field strong-motion data from the Chi-Chi earth-
quake was placed as computer-readable files on a CD-ROM
with explanatory notes. This task was completed on 6 De-
cember 1999, and a prepublication CD with a brochure (Lee
et al., 1999) was distributed free of charge for academic
research. Since it was prepared in such a short time, we
realized that much work remained. Due to funding and man-
power limitations, preparation of the publication version
(Lee et al., 2001a) took another year.

We examined about 10,000 strong-motion records and
conducted a first-order quality assurance procedure for all
records obtained on 20 September 1999, including the main-
shock and hundreds of early aftershocks. We performed ex-
tensive data processing for further quality assurance and
selected a total of 663 strong-motion data files from 441
accelerographs to construct strong-motion records up to 4
min long for the mainshock whenever possible. In this ar-
ticle, we present a brief description of the processed accel-
eration data from the Chi-Chi earthquake. The article is a
condensation of the article by Lee ez al. (2001a), which has
a very limited distribution. The data set (about 500 mega-
bytes) and an extensive 562-page report (documenting the
data processing and results of the processed data) are archi-
ved on the attached CD in this Special Issue so that this
valuable data can be quickly accessed by interested readers
worldwide.

Instrumentation and Station Information

The CWB operates several types of digital accelero-
graphs (most of them are =+ 2g full scale, 200 or higher sam-
ples per second, and 16-bit or better resolution with up to
20-sec pre-event recording). About 69% of the deployed ac-
celerographs were manufactured by Geotech Instruments,
about 25% by Terra Tech, and about 6% by Kinemetrics.
Readers are referred to the manufacturers’ web sites for
further information about the accelerographs. All waveform
data are stored as integers in unit of digital counts. Conver-
sion to a physical unit, such as g, depends on the accelero-
graph model as shown below:

Numbers Data Digital
Model Deployed Full-Scale  Stored as Counts
A800 46 +1g 12-bit integer +2048
A900 and 393 +2g¢  16-bitinteger  *+32768
A900A
IDS and IDSA 163 +2¢g 16-bit integer +32768
ETNA and K2 38 +2g¢g  24-bitinteger 8388608

1371

We asked the manufacturers to provide us with a brief
description of their instruments. Geotech provided infor-
mation about their accelerographs, which is summarized be-
low. Terra Tech no longer exists as a company, and Kine-
metrics referred readers to their Web site.

Accelerographs by Geotech Instruments
(A800, A900, A900A)

The A-800 is a 12-bit digital data recorder and contains
three Geotech Model S-110 accelerometers mounted orthog-
onally inside the cast aluminum base. Data are stored in
CMOS static random-access memory (RAM) using a non-
distorting format without data compression. The A-900 has
all the features of the A-800 while being upgraded with a
16-bit analog-to-digital conversion unit (ADC), new Geotech
DC force balanced accelerometers (FBA), and the capability
to use a Global Position System (GPS) receiver for its time
synchronization source. The A-900A is an improved version
of the A-900 with modifications that provide for submersion
to a limited depth, real-time serial data output, and acceler-
ometers with improved performance.

All three units have an internal timing accuracy of *26
msec per 24 hr over the operating temperature range when
not connected to an external timing reference. The time can
be initially set by hand via a PC connected to the unit. By
monitoring the 1 pulse per sec output from the unit and com-
paring it to a reference source, they can be synchronized to
within * 10 msec via the PC interface. On the A-900 and
A-900A, a model GPS-1 receiver can be used to synchronize
the internal timing. When enabled, these units will maintain
continuous synchronization to absolute UTC time to within
* 1 msec at all times while the GPS is reporting a locked
condition. For further information, visit Geotech Instruments
at http://www.geoinstr.com.

Accelerographs by Terra Tech (IDS and IDSA)

The IDS accelerographs are 16-bit digital instruments
with 250 samples per sec sampling. They are manufactured
by Terra Technology Corp. Terra Tech was acquired
recently by Refraction Technology, Inc. (http://www.
reftek.com).

Accelerographs by Kinemetrics (ETNA)

The ETNA is a digital accelerograph with 18-bit reso-
Iution at 200 samples per sec. For further information,
visit Kinemetrics at Kinemetrics, Inc. (http://www.
kinmetrics.com).

Station Location, Site Classification,
and Instrument Information

Locations of 441 accelerograph stations that recorded
the mainshock are shown in Figure 1. Since some station
sites have more than one accelerograph, there are 412 unique
station sites. Station coordinates, site classification according
to C. T. Lee (2001), and instrument information are given
in Table 2 on the attached CD (Lee et al., 2001b).
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Figure 1. Locations of 441 accelerograph stations
that recorded the mainshock (shown as *). Surface
ruptures on the Chelungpu fault are shown to the left
of the mainshock.

Preparation for the Publication Version

It is well known that a large collection of data from
hundreds of instruments requires extensive quality assur-
ance, because to err is human. In this case, the data collection
was also complicated by 4 distinct types of accelerographs,
each having a different data format. A first-order quality
control check was performed on the recorded free-field
strong-motion data in the preparation of the prepublication
CD as described by Lee et al. (1999).

Assurance of Data Quality

The CWB strong-motion data were collected by four
academic groups (under the direction of Mr. Chun-Chi Liu
of Academia Sinica, Prof. Gwo-Bin Ou of National Chung
Cheng University, and Prof. Chien-Ying Wang and Prof.
Kuo-Liang Wen of National Central University). The col-
lected data were centralized at the CWB headquarters, and
the CWB staff provided the strong-motion data recorded by
the CWB free-field accelerographs on three CDs to the first
author. These were raw data taken from the accelerographs
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of four types: Models A800, A900, and A900A of Teledyne
Geotech, Models IDS and IDSA of Terra Tech, and Model
ETNA of Kinemetrics.

Approximately 10,000 strong-motion records were col-
lected from about 450 digital accelerographs at the free-field
sites during a time period of about 6 hr 13 min from the Chi-
Chi mainshock, that is, from about 17:47 through 24:00 of
20 September, 1999 UTC. An earthquake will trigger an
accelerograph recording (up to a prespecified maximum
length, typically 90 sec long) if its waveform amplitudes
exceed a certain threshold level. Since there were hundreds
of aftershocks immediately after the mainshock, up to 128
triggered records could be obtained from an accelerograph
until the memory storage of the accelerograph was full.
Some of the triggered records are overlapping because there
are pre-event memory (up to 20 sec) before the triggered
time. Several quality control tasks were performed on the
recorded data to assure data quality. The principal tool we
used was an interactive computer program called SMQC
written by Doug Dodge for performing quality assurance
tasks (see section C of the report by Teng and Lee, [2000]).

Header Information

Although information about the unit serial number, sta-
tion name, coordinates, timing device, and so on are encoded
in the header of each strong-motion data file, we found many
errors. Because this header information must be entered
manually by a technician, it is easy to make mistakes. We
corrected many errors using a master file of station infor-
mation maintained at the CWB headquarters. We devoted a
considerable amount of time in building up a reliable master
file of station information, especially with respect to station
coordinates and timing, as described next.

Station Coordinates

We found many errors in the station coordinates that
were entered into the accelerographs and recorded in the
header of the strong-motion data files. After the Chi-Chi
earthquake, the CWB staff reread the station coordinates
from their field maps (scale 1:25,000). We took about half
of these revised coordinates and plotted them on 1:25,000
maps. We compared the plotted locations against the
1:25,000 published maps and verified the results. About 20
station locations, which were in doubt, were further verified
by the CWB staff. In addition, we obtained GPS-surveyed
coordinates of schools conducted by the Ministry of Edu-
cation. Since most of the CWB free-field accelerographs are
located in schools, we compared our coordinates to the GPS-
surveyed coordinates and assumed agreement if the differ-
ence in distance was less than 250 m. We allow this differ-
ence because the school’s reference point is not the same as
the accelerograph site in that school. Station coordinates
with site classification (according to C. T. Lee, [2001]) and
instrument information are given in Table 2 on the attached
CD (Lee et al., 2001b).
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Absolute Timing

Most of the CWB free-field accelerographs were pur-
chased during the period of 1991-1995 before a GPS timing
device became the standard means for providing accurate
timing in accelerographs. However, the importance of ab-
solute timing was recognized by CWB. The GPS timing de-
vices were installed in the newer accelerographs, and some
of the older accelerographs were upgraded with a GPS timing
device. Unfortunately, these upgrades were being carried out
when the Chi-Chi earthquake occurred. Because only a frac-
tion of the CWB free-field accelerographs were equipped
with a GPS timing device, timing for most of the strong-
motion records is approximate, as it is based on the acceler-
ograph’s internal clock. The internal clock is initialized man-
ually and is no better than about 1 sec initially. Since it is
easy to enter the initial time incorrectly, and since the inter-
nal clock drifts, timing for most of the strong-motion records
is only approximate.

Even for the stations with a GPS timing device, timing
may still be uncertain. For example, the default for the A900/
A900A accelerographs is to use the internal clock, and some
accelerographs with a GPS timing device were not set cor-
rectly to override the internal clock. Even if an accelerograph
was set correctly, GPS synchronization occurs only every 2
hr (the default). The recorded data file does not have infor-
mation about the status of time synchronization. However,
the file header contains information on whether or not the
1-sec pulse of GPS is being received.

More detailed information about the GPS timing status
is available from the IDSA accelerographs. Data files re-
corded by the ETNA accelerographs contain detailed infor-
mation about GPS timing status and on the time drift of the
internal clock.

After careful examination of the file header information
of the original strong-motion records and with generous sup-
port from the manufacturers, we identified 39 accelerographs
(equipped with a GPS timing device) that had absolute tim-
ing during the Chi-Chi mainshock. A listing of these acce-
lerographs with station and instrument model information
are given in Table 3 on the attached CD, and their locations
are shown in figure 2 of Lee et al. (2001a), also on the
attached CD(Lee et al., 2001b).

Time Corrections

We developed a method to assess the quality of timing
for the CWB strong-motion records. The Chi-Chi mainshock
and 84 aftershocks were carefully timed, and a simultaneous
inversion for locations and velocity corrections were per-
formed using a version of the VELEST program by Kissling
(1992), which is based on a technique originally developed
by Aki and Lee (1976). We then computed the theoretical
P-arrival time with our picked P time. For the 39 accelero-
graphs with GPS timing devices which were identified pre-
viously, we found close enough agreement in the times to
convince us that these accelerographs had reliable absolute
times. For the remaining accelerographs with GPS timing

1373

devices, we could not tell, or we concluded that the absolute
timing was not reliable.

For accelerographs that do not have GPS timing devices
or bad GPS timing, we made time corrections only if nec-
essary and possible. If the P-time residual was larger than 1
sec for accelerographs at epicentral distance less than 50 km
or larger than 2 sec at epicentral distance less than 100 km,
and so forth, we made a time correction such that the theo-
retical P time is the same as the picked P time. In other
words, we use the P-time residual as the clock correction for
these accelerographs. By this method, we believe that the
timing for most of the processed CWB strong-motion records
(for the Chi-Chi main shock) is good to 1-4 sec depending
on the epicentral distance of the accelerographs (the larger
the distance, the larger the uncertainty).

Details of the timing correction information are given
in Table 4 on the attached CD (Lee et al., 2001b). If absolute
timing is important, users should use the corrected start time
for strong-motion data files as: Start Time + Time_Cor,
where Start_time is the original recorded file start time and
Time_Cor is the time correction. If Time_Cor is zero, then
either the accelerograph has absolute timing with a working
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Figure 2.  Contour map of PGA values in g (E-W
component) for the Chi-Chi mainshock.
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GPS timing device or the P residual is within the expected
error range. If Time_Cor is blank in Table 4 on the attached
CD (Lee et al., 2001b), this means that we could not pick
the first P arrival because the accelerograph was triggered
late.

DC-Offset Corrections and Peak
Ground Acceleration Values

Whenever possible, we have removed the direct-current
offsets (based on the pre-event data) in the processed strong-
motion records. We then determined the peak ground accel-
eration (PGA) values in units of g (981 cm/sec?) from the
processed strong-motion records. The details are given in
Table 5 on the attached CD (Lee et al., 2001b), and con-
toured maps of PGA values for the Chi-Chi mainshock are
shown in Figure 2 (EW component), Figure 3 (NS compo-
nent), and Figure 4 (Vertical component).

Contents in the Attached CD

For documentation purposes, we included all relevant
data files, including those that have defects, such as spikes,
bad data channel(s), late triggering, and soon, on the attached
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Figure 3. Contour map of PGA values in g (N-S
component) for the Chi-Chi mainshock.
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CD (Lee et al., 2001b). Users should select the data files that
are appropriate for their needs. For example, if a user wishes
to use the data for picking P arrivals in an earthquake lo-
cation study, then one should use only the data files that have
absolute timing.

We classify the recorded data files into four quality
groups. Since the recorded strong-motion data are based on
a triggering algorithm, a main concern is whether the record
has pre-event data and whether the record is long enough to
cover the entire duration of the ground shaking at that sta-
tion. In addition, we are concerned whether the record has
defects (e.g., spikes, or a component was not recorded), and
whether the record has absolute timing. In general, QA-class
records are the best and can be used for any studies. The
QB-class records are the next best, except most of them do
not have absolute timing. The QC-class records cover the
principal strong motions but may not have adequate preevent
data and/or post-strong-motion data. The QD-class records
have some defects; they are included here for completeness
and should not be used for most studies. Since most A800
accelerographs have a colocated A900 or A900A accelero-
graph, the user should use the A900 or A900A data files
whenever possible.
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Figure 4. Contour map of PGA values in g (verti-
cal component) for the Chi-Chi mainshock.
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Figure 5.

Record QA-14: File QT173000.263 at station TCUO75 (Code, T075), Site

Class, D. Lat. = 23.9827° N, Kong. = 120. 6778°E, elev. = 96 m, distance = 18.4
km, model A 900, S/N = 173, fullscale = 2G.

There is a “readme” file and six directories containing
the data files described in this article on the attached CD.
Details are given by Lee et al. (2001b).

Conclusions

Extensive seismic instrumentation in most countries is
usually carried out in response to a disastrous earthquake.
We are fortunate that the extensive seismic instrumentation
in Taiwan (including about 1200 modern digital accelero-
graphs installed at free-field sites and in building and
bridges) was carried out before the disastrous Chi-Chi earth-
quake. As a result, CWB obtained a very large set of strong-
motion data before and after the earthquake. The total num-
ber of digital strong-motion records obtained by CWB from
the accelerographs at the free-field sites is about 60,000 in
the 10-year period from 1991 to 2000. It is comparable in
volume to all the available strong-motion records obtained
elsewhere in the world since studies of strong-motion seis-
mology began in the 1930s. This extensive strong-motion

instrumentation program was first proposed by Yi-Ben Tsai,
and implementation and operation have been carried out by
a large group of people.

Since only a limited amount of information can be pub-
lished on paper, we have placed about 500 megabytes of
data on the attached CD of this Special Issue (Lee et al.,
2001b). This allows us to archive a detailed report/CD (Lee
et al., 2001b), which has a very limited distribution. The
detailed report contains plots of all the accelerograms archi-
ved (an example is shown in Fig. 5). We believe that such
accelerogram plots will let any researcher browse the avail-
able strong-motion records and retrieve the desired data files
on the attached CD quickly.
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