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2. Seismicity Catalogs

The goal of this chapter is to produce a comprehensive and
self-consistent catalog of global seismicity spanning the 20th
century and with uniformly computer-determined hypocenters
whenever possible. Seismicity data spanning long periods of
time are essential for a thorough understanding of earthquake
phenomena. Seismic activity is nonuniform over time, and
the rate of seismic moment release exhibits large temporal
variations. Since the average recurrence interval for great
earthquakes along any particular plate boundary is on the
order of several decades, with longer intervals in regions
away from plate boundaries, at best only one seismic cycle
has been recorded by the modern global networks, and only
the last three decades of that cycle have been intensively
studied. Creation of a digital catalog for the century will
support and advance comprehensive seismic hazard analyses,
as well as studies of global and regional seismotectonics,
the seismic cycle, the rupture zones of large earthquakes, the
spatial-temporal pattern of seismic moment release along
seismic zones or faults, and the repeat time of large damaging
earthquakes.

We approach the problem of assembling this centennial
catalog by first combining existing global catalogs of earth-
quake locations and magnitudes into a single catalog. Second,
we assign a single magnitude to each event depending on
availability. For shallow earthquakes we preferably use the
moment magnitude M,, or the surface-wave magnitude Ms.
For earthquakes deeper than 60 km we use the moment mag-
nitude My, or the body-wave magnitude mg (broadband) or m,
(short period). Third, we use these assigned magnitudes to
determine the magnitude completeness thresholds of the
database and to assign magnitude cut-off values as a function
of time.

Finally, using a modern Earth model (ak135) and location
algorithm (Engdahl et al., 1998), we relocate all events which
are within the magnitude cut-off thresholds of the catalog and
for which there are digital phase arrival-time data.

Excellent primary and secondary sources of catalog informa-
tion about earthquake hypocenters and magnitudes can be
found in the archival systems of the International Seismological
Centre (ISC) and the US Geological Survey’s National Earth-
quake Information Center (NEIC). These systems are multi-
catalog earthquake databases of source parameters, available in
computer-readable format, that are either directly determined
by the ISC and NEIC or derived from published papers and
institutional contributions.

The most valuable catalog included in these databases for
the historical period (before 1964; Lee et al., 1988) is the one
derived from Gutenberg and Richter’s book “Seismicity of the
Earth” (Gutenberg and Richter, 1954), which provides hypo-
centers and magnitudes for most of the larger earthquakes
occurring between 1904 and 1952. Before 1904 the main
source of hypocenters and magnitudes is Abe and Noguchi
(1983a,b). Other catalogs of large earthquakes, such as Abe
(1981, 1984), Abe and Noguchi (1983a,b), Bath and Duda
(1979), Geller and Kanamori (1977), Pacheco and Sykes
(1992), Rothé (1969), and Utsu (1979, 1982a,b), are used
mainly as sources of magnitude information. All these cata-
logs (listed in Appendix 3) are combined into a single catalog
by using a hierarchical scheme to integrate the hypocenters for
matched events between catalogs and to carry along the
associated magnitude estimates. In the end, all hypocenter and
magnitude entries in these catalogs are accounted for.

3. Seismic Phase Bulletins

Bulletins differ from catalogs in that they contain reported
arrival times for P, S and additional seismic phases for each
earthquake, which are used to determine a hypocenter for that
event when enough consistent phase data are available. A his-
torical account of the international organizations involved in
the collection of phase arrival data and global teleseismic
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earthquake location can be found in Chapter 2 by Adams. The
primary sources of historical phase data are the bulletins of the
International Seismological Summary (ISS) and their pre-
decessors. Unfortunately, bulletins for the historical period are
mainly preserved in printed form and are not in a computer-
ready, digital format. Recently, a project to relocate all instru-
mentally recorded earthquakes during the period 1900-1963
was initiated (Villasefior et al., 1997). In this project the printed
bulletins are being converted into digital form by scanning the
bulletin pages and applying an optical character recognition
procedure. We also have obtained a data tape of hand-entered
observations from the ISC that contains almost all of the arrival
time data for earthquakes reported by the ISS between 1918 and
1942.

From 1953 to 1963 the ISS only processed events with
magnitudes greater than or equal to 6. For this period the
bulletins of the Bureau Central International de Séismologie
(BCIS) fill in the gaps, but the BCIS phase data have not yet
been converted in to a digital format and hence were not used
in this study.

For the modern period (1964—1999) instrumental phase data
for moderate-to-large earthquakes worldwide are already
available in digital form from both the ISC and the NEIC. Data
from all these sources are integrated and converted into the
ISC 96-byte data format adopted for the centennial phase
arrival-time database. (Note: please see CENT.DAT on the
Handbook CD, under the directory \41Engdahl.)

4. Earth Models and Earthquake
Location

Although earthquakes have been instrumentally recorded for
more than 100 years, source parameters (locations, magnitudes,
and focal mechanisms) for events that occurred before the full
implementation of the World-Wide Standardized Seismograph
Network (WWSSN) are in general poorly known. In most
cases, this is the result of inherent limitations in the station
distribution, timing, or low magnification of the instruments.
However, many locations for pre-1964 earthquakes are poorly
constrained because electronic computers and adequate Earth
models were not available at the time the earthquakes occurred
and the locations were produced.

In the first part of the century travel-time tables for seismic
phases, empirically derived from the historical data, were
rudimentary at best. The earliest of these, the Zoppritz—Turner
tables (used by the ISS from 1913 to 1929) were inaccurate
and incomplete, and valid only for shallow-focus earthquakes.
Deep earthquakes had to be accounted for with ad hoc cor-
rections. This situation greatly improved with the introduction
of the Jeffreys—Bullen (J-B) tables (Jeffreys and Bullen, 1940)
which provided a complete, remarkably accurate representa-
tion of P, S, and other later-arriving phases. These tables are
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still used by the ISC (the successor agency of the ISS) and the
NEIC for routine earthquake location.

Earthquake location procedures during the historical period
suffered from the lack of electronic computers to implement
them. For example, new earthquakes reported to the ISS were
commonly assigned epicenters coincident with those deter-
mined for previously reported events in the same region. A new
epicenter was only adopted if the phase data appeared sig-
nificantly incompatible with any preexisting locations. The
existence of deep earthquakes was discovered by H.H. Turner
in the late 1920s during the production of the ISS bulletins
(this discovery was also done, almost simultaneously, by
K. Wadati). However, depths for approximately 75% of the
earthquakes listed in the ISS bulletins were simply reported as
shallow (surface focus). A so-called “abnormal” focal depth
was calculated only if the phase data were clearly incompa-
tible with a shallow-focus solution. Thus, constraints on the
focal depths of many ISS hypocenters were limited.

In an effort to remedy this situation, Villasefior et al.
(1997) are extending the current global catalog of computer-
determined hypocenters by producing a comprehensive cata-
log of all globally detected earthquakes during the historical
period with locations determined in a uniform fashion.
Relocation of historical earthquakes is accomplished by using
a new algorithm for teleseismic location (Engdahl er al.,
1998). This algorithm, hereafter referred to as EHB, uses
travel-time tables derived from an improved Earth model and
incorporates P, S, and other later-arriving phases in the loca-
tion procedure. The Earth model used is ak135 (Kennett et al.,
1995), a derivation of the iasp91 model (Kennett and Engdahl,
1991). Because most seismic stations are in continental areas,
the ak135 model was developed with an average continental
crust and upper mantle. The most significant differences
between the travel times predicted by these models and the
older J-B tables are for upper mantle and core phases. The
ak135 model more accurately predicts the observed travel
times of later-arriving phases, and is in better agreement with
S-wave data than the J-B tables.

Corrections for lateral variations from the average crust and
upper mantle velocities and ellipticity have also been incor-
porated. The location procedure uses arrival times for the first
arriving P and S phases, core phases (PKP) and depth phases
(pP, pwP, and sP). By far the most significant improvements
provided by the EHB algorithm are in depth determination,
through the inclusion of the teleseismic depth phases (with
free-surface and sea-bottom bounce points) pP, pwP, and sP.
The ISS bulletins reported depth phases, primarily pP, but they
were not fully used by the ISS to calculate the hypocenter.
These phases, reidentified using a new statistical procedure
(Engdahl et al., 1998), are now used to minimize mislocation
errors introduced by lateral heterogeneity and to provide
powerful constraints on focal depth.

The EHB method has already been successfully applied to
earthquakes reported by the ISC and NEIC during the modern
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period, providing a uniform database of well-constrained,
significantly improved hypocenters. The application of this
method to historical earthquakes will also result in a com-
prehensive and homogeneous digital earthquake catalog for
the entire century. However, it is important to point out that
the EHB procedure cannot entirely account for the effects
of the Earth’s lateral heterogeneity on teleseismic earthquake
location. Most deeper-than-normal earthquakes occur in sub-
duction zones where aspherical variations in seismic wave
velocities are large (i.e., on the order of 5-10%). Such lateral
variations in seismic velocity, the uneven spatial distribution
of seismological stations, and the specific choice of seismic
data used to determine the earthquake hypocenter can easily
combine to produce bias in teleseismic earthquake locations of
up to several tens of kilometers (Engdahl et al., 1998). The
most accurate earthquake locations are best determined using
aregional velocity model with phase arrival times from a dense
local network, which may differ significantly (especially in
focal depth) from the corresponding teleseismic locations.
Similarly, for historical earthquakes (especially before the
1930s), locations obtained from macroseismic or geological
data (e.g., surface rupture) can be more accurate than tele-
seismic locations computed using arrival-time data alone.

5. Seismic Station Information

Creation of a comprehensive digital earthquake catalog also
requires a comprehensive global seismic station catalog. The
ISC and NEIC maintain listings of seismograph station codes
and coordinates for stations distributed worldwide (Presgrave
et al., 1985). These listings are an invaluable resource to
investigators using cataloged earthquake data, representing the
only nearly complete listing of station locations, codes, and
dates of operation. We have been assisting NEIC in maintaining
and updating this listing, particularly for stations operating
prior to the installation of the WWSSN, by examining a variety
of alternative sources of historical station information. This
effort has resulted in establishing consistent station codes for
stations having no prior code assigned, defining date ranges
over which station codes and coordinates are available, and
compiling lists of alternate spellings for listed stations. (Note:
please see CENT.STN on the Handbook CD, under the
directory \41Engdahl.)

6. Earthquake Magnitudes and
Catalog Completeness

Construction of the earthquake hypocenter catalog must
include magnitude information. The ISS bulletins do not list
earthquake magnitudes, and other organizations did not start
reporting magnitudes until the early 1950s. The main source for
magnitudes of historical earthquakes is Gutenberg and Richter
(1954) which reports magnitudes for approximately 13% of the
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earthquakes listed by the ISS and occurring before 1952.
Gutenberg and Richter never published the details of the
method used to compute magnitudes in “Seismicity of the
Earth” (hereafter referred to as Mgg) although their relation-
ship with other magnitude scales has been intensively investi-
gated (Geller and Kanamori, 1977; Abe, 1981). For the
historical period other commonly reported magnitudes are Mg
(surface-wave magnitude as defined by Gutenberg, 1945) and
mpg (body-wave magnitude for periods of 5-10 sec as defined in
Gutenberg and Richter, 1956). (See Chapter 44 by Utsu for a
comparison of magnitude scales.)

For recent earthquakes the main sources of magnitude
information are the bulletins of the ISC and the NEIC Pre-
liminary Determination of Epicenters (PDE). The most com-
monly reported magnitudes in this period for teleseismically
recorded earthquakes are Mg (determined using the Prague
formula; Vanék et al., 1962) and my, (body-wave magnitude
for periods around 1 sec as defined by Gutenberg and Richter,
1956). However, from 1964 to 1976 Mg was not systematically
reported by the ISC, and to compensate for this we included in
the catalog, reliable single station magnitude estimates, such
as those reported by Pasadena and Berkeley (California), and
Palisades (New York).

When available, moment magnitude (M,,) estimates based
on the scalar seismic moment M, are preferred (Kanamori,
1977; Hanks and Kanamori, 1979). These values of M, are
frequently determined with modern methods that use body
and/or surface wave waveforms (e.g., Dziewonski et al., 1980;
Sipkin, 1982). Reliable estimates of M,, are generally avail-
able from the Harvard CMT catalog for most events with Mg
larger than about 5.4 during the period 1976-1999. Pacheco
and Sykes (1992) report scalar seismic moments for large,
shallow events during 1900-1980, and Huang et al. (1994,
1997) for large, deep events during 1962-1976.

Combining magnitudes from different types and sources
into a single catalog requires some understanding of the
relationships between the different magnitude scales. There is
an overwhelmingly large set of literature devoted to this
subject (for a review see Bath, 1981) but our goal is to produce
a set of simple rules for obtaining a single magnitude for each
event that results in an earthquake catalog which is repre-
sentative of the rate of earthquake occurrence for the century
at or above specified magnitude thresholds in time. The rules
we have used are the following: if M, is available the preferred
magnitude is My,; for earthquakes with focal depth 4 < 60km
if My is not available then Mg, mg, or my, is selected, in this
order of preference; for events with 4> 60km if M, is not
available then mg or my, is selected, in this order of preference.

Because of the different magnitude scales used, the mag-
nitudes in the resulting catalog are very heterogeneous. In
order to evaluate the completeness of the catalog and to
establish a cut-off magnitude and select the earthquakes above
that cut-off, all magnitudes must be corrected and reduced to
a common reference magnitude scale. It is worth noting that
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FIGURE 1 Comparison between magnitudes reported by different catalogs relative to surface
wave magnitudes (Ms) reported in Abe’s catalog (Abe, 1981, 1984; Abe and Noguchi, 1983a,b). The
bin width for all histograms is 0.1 magnitude units, and the number of events in each bin is shown as
a percentage of the total number of events. N, total number of events; Avg, average residual; Std,
standard deviation of the residuals. Catalogs compared: (a) Pacheco and Sykes (1992); (b) Gutenberg
and Richter (1954); (c) Bath and Duda (1979); (d) Rothé (1969); (e) Pasadena single-station mag-
nitude for events before 1960; (f) Pasadena magnitudes after 1959.
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these corrections are used exclusively to calculate the catalog
completeness (as a whole and as a function of time) and to
determine which earthquakes are included in the catalog. The
magnitudes listed in the catalog are the uncorrected values
from the original sources. We have chosen Mg as the reference
magnitude scale for the catalog, and investigated its relation-
ship with other magnitude scales.

Moment magnitude M, agrees very well with M for shallow
earthquakes larger than a magnitude of ~ 6.5, but for smaller
earthquakes M,, is larger than Ms. Ekstrom and Dziewonski
(1988) introduced an empirical moment magnitude relationship
which, for each value of M, (or M,,), provides a magnitude that
approximates the global average of Mg for that scalar moment.
We use this empirical magnitude for the purpose of event
selection and to obtain frequency—magnitude relationships. For
deeper earthquakes the relationship of reported magnitudes to
Mg is problematic and, lacking a well-determined empirical
relationship, we assume it to be equivalent to M, mg, and m,
(in order of preference).

Figure la shows the distribution of magnitude differences
between M,, from Pacheco and Sykes (1992) and Mg from Abe
(1981) for events common to both catalogs. These events have
magnitudes greater than 7.0 and the agreement between both
magnitudes is very good (the residuals are small and normally
distributed with an average value close to zero). Figure 1b
shows the comparison between Mgr (Gutenberg and Richter,
1954) and Mg (Abe, 1981). Values of Mgg are systematically
larger than Mg by 0.2 magnitude units on average, and in this
case the magnitude residuals are not normally distributed. Abe
(1981) analyzed in detail the nature of these differences and
found that the distribution of residuals changed with focal
depth. Figures 1c and 1d show comparisons between Mg (Abe,
1981) and magnitudes reported by Béath and Duda (1979) and
Rothé (1969), respectively. Figures le and 1f show differ-
ences between Mg (Abe, 1981) and magnitudes reported by
Pasadena before and after 1960, respectively. The distribution
of magnitude residuals for Pasadena before 1960 is similar to
the distribution for Mggr, with predominantly positive resi-
duals. However, after 1960 the agreement with Mg (Abe,
1981) is better, and the residual distribution has zero mean.
From this analysis we conclude that magnitudes reported by
Gutenberg and Richter (1954), Bath and Duda (1979), Rothé
(1969), and Pasadena before 1960 must be decreased by 0.2
magnitude units in order to be reduced to the common refer-
ence magnitude of the catalog. A similar magnitude bias has
been previously found by Pérez and Scholz (1984). The
correction applied here is an obvious oversimplification, but
a detailed analysis of the causes of the magnitude differences
is beyond the scope of this chapter.

For the historical period (1900-1963) a frequency—
magnitude plot (Fig. 2a) shows a gentle roll-off in the number
of earthquakes per year for Mg < 7.0 (both for incremental and
cumulative number of events). The irregular shape of the
curve for the incremental number of events is caused by
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FIGURE 2 Frequency—magnitude (Gutenberg and Richter) rela-
tions for the centennial catalog. Open circles represent single fre-
quencies (incremental number of earthquakes with magnitudes in
M £+ 6M/2) and filled circles represent cumulative frequencies (total
number of earthquakes with magnitudes > M). The width of the
magnitude interval 6M is 0.1 magnitude units. The single and
cumulative frequencies are normalized to events per year, and the
magnitudes have been adjusted to Mg (see text): (a) historical seis-
micity (1900-1963), and (b) recent seismicity (1964—1999).

magnitudes reported with precisions of 0.25 and 0.5 magni-
tude units. Most missed earthquakes in the Mg = 6.5-7.0 range
probably occur during the 1900-1930 period. Hence, to
include as many events as possible we have chosen a magni-
tude of 6.5 as our magnitude cut-off for the historical period.
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FIGURE 3 Number of events in the centennial catalog as a function of time for the three
magnitude levels specified in the legend: (a) number of events per year; (b) number of events
in 10y intervals. The total number of events in each interval is divided by the interval width
to allow direct comparison between the two histograms.

For the modern period (1964-1999) Engdahl et al. (1998)
have shown that the global catalog is nearly complete to
a magnitude of 5.2, where the magnitude is defined as (in
descending order of preference) either M, Mg, or my,
depending on availability. A frequency—magnitude plot for the
modern period (Fig. 2b) shows that the number of earthquakes
per year is consistent with a magnitude threshold of at least Mg
5.5. Hence, with the possible exception of the 1960s when
less-reliable magnitudes were available and taking into account

normal yearly fluctuations in the rate of occurrence (Fig. 3a),
the centennial catalog seems to be complete to at least Mg 6.5
during the period 1930-1963 and Mg 5.5 during the period
1964-1999, and complete to Mg 7.0 for the entire century.

If our magnitude assumptions are valid, then the rate of
earthquake occurrence at any given magnitude threshold
should be constant provided that the global rates of seismicity
are assumed constant on a timescale of decades (Pacheco and
Sykes, 1992) and the catalog is complete at that threshold.
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TABLE 2 Frequency—Magnitude
Distribution for 1900-1999

Incremental Cumulative
<M< Eventsy ' M> Events y '

55 6.0 164° 5.5 264*
6.0 6.5 62" 6.0 100*
6.5 70 22 6.5 38

7.0 75 12 7.0 16

7.5 8.0 3 7.5 4

8.0 — 0.7 8.0 0.7

“For magnitudes smaller than 6.5 the number
of events is based on the period 1964-1999.

Figure 3b shows a histogram of the number of events per
10-year period in different magnitude intervals for the entire
century. We note a slight increase in the number of earth-
quakes with magnitudes greater than or equal to 6.5 during the
1940-1960 period. Most of the magnitudes for events less than
magnitude 7 during this period were those listed by Gutenberg
and Richter (1954), suggesting that many of the Mgr magni-
tudes, even after applying the correction previously described,
may remain too high when compared to other magnitudes such
as those reported by Abe (1981).

In summary, our full global earthquake database is given
in CENT.CAT on the Handbook CD, under the directory
\41Engdahl, and a subset of earthquakes with magnitude
greater than or equal to 7.0 is given in CENT7.CAT in the
same directory. For general reference, essential information
from CENT7.CAT is listed in Table 1 with names for some
well-known earthquakes. According to our analysis, this list is
complete for the 20th century. Frequency—magnitude dis-
tributions for the century have been estimated from our
database and are presented in Table 2. We believe these dis-
tributions to be reasonably representative of the rate of
earthquake occurrence during the last century.

7. Discussion

The earthquake locations listed in our catalog for the historical
period are of variable quality, as not all of the phase data listed
in ISS bulletins have been converted into digital format and we
were only able to relocate events during the 1918-1942 and
19561999 periods. Hence, hypocentral errors, especially in
depth, may remain quite large during the missing years (as well
as for many relocated events before 1930). Maps of the dis-
tribution of earthquake locations in our catalog are shown in
Color Plates 15 and 16.

Magnitude issues, such as the hierarchical selection process,
are more contentious, especially for earthquakes less than
about magnitude 6.5. Since the seismic moment M is a more
stable measurement than Mg we chose to convert the
Harvard M, (when available) to an empirical Mg using the
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relationship derived by Ekstrom and Dziewonski (1988).
This empirical Mg approximates the global average value
of Mg observed for that scalar moment and thereby ensures
that the assignment of magnitudes for most of the modern
period (1976-1999) remains reasonably consistent with
reported magnitudes for earlier periods, which are largely Ms.
We also confirmed that magnitude estimates listed by Abe
(1981, 1984) and by Pacheco and Sykes (1992) for larger
events were consistent with Harvard M,, estimates. However,
when we made a similar comparison to magnitudes reported
by Gutenberg and Richter (1954) and by Bath and Duda
(1979), we found that those estimates were consistently about
0.2 magnitude units higher than the Abe (1981, 1984) values.
Moreover, it was impossible to match the seismicity rates of
the historical period to those of the modern period without
making a reduction in the older magnitudes by about 0.2 units.
However, final resolution of this problem is presently beyond
the scope of this study so that, for example, the apparent
higher seismicity rate during the 1940-1960 period (Fig. 3b)
will remain problematic.

Our magnitude adjustment and selection process will
undoubtedly raise concerns about earthquakes which have
been cited in the literature as reputedly higher magnitude than
we are able to confirm. However, many of these earthquakes
cannot be found in our catalog simply because the selection
process put them below the magnitude cut-off of 6.5 for the
historical period or 5.5 for the modern period.

Both the location and magnitude issues raised here mean
that correcting and updating our catalog will be an ongoing
process. Hence, as new versions of the catalog are produced,
we will make every effort to have them generally available
to the global seismological community via the World Wide
Web, CD-ROMs, and technical and general publications.

8. Summary and Conclusions

The goal of this research was to produce a comprehensive
digital hypocenter and phase arrival-time database for most
globally detected earthquakes during the 20th century, includ-
ing a complete station list with codes, locations, and dates of
operation. For the historical period (1900-1963) we have
chosen a magnitude cut-off value of 6.5 although the resulting
catalog is complete only to magnitude 7.0. For the recent period
(1964-1999) the magnitude cut-off is 5.5, and the catalog is
complete at this magnitude threshold.

For the earthquake research community, this database
should provide a reliable starting point for a wide range of
studies, including (but not limited to) source parameter studies,
delineation of rupture zones of large earthquakes from after-
shock distributions, further improvements in Earth models,
and detailed studies of the seismicity of active regions. The
new database may also be of great utility in providing funda-
mental information for reliable seismic hazard assessment,
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especially in developing countries located in active seismic
belts whose seismic history is poorly known.
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Appendix 1. Centennial Catalog
Format Description

The file CENT.CAT, or CENT7.CAT, may be read by the
following FORTRAN read statement:

read(1l, 100) icat, asol, isol, yr, mon, day, hr, min, sec,
&glat, glon, dep, greg, ntel, (mag(k), msc(k), mdo(k), k=1, 8)
100 format (a6, al, a5, 12, 213, 1x, 213, £6.2, 1x, 2£8.3, f6.1, 2i4,
&8(f4.1, 1x, a2, 1x, a5))

Variable definitions are:
icat source catalog
EHB =EHB origin time and hypocenter (other-
wise from other catalogs)
open azimuth of teleseismic stations (delta > 28°)
used
for the period 1900-1963
blank = unknown
A=<180deg
B=<210deg and >180deg
C=<240deg and >210deg
D =< 270deg and >240 deg
F=>270deg
for the period 1964-1999
blank = < 180 deg
Z=2>180deg
solution type
HEQ = origin time and hypocenter fixed
DEQ = depth free
LEQ = depth fixed by program
FEQ = depth fixed by Engdahl based
on independent information
XEQ = poor solution

asol

isol

other info

M = focal mechanism available
yr year
mon month

Engdahl and Villaserior

day day

hr origin hour (UTC)

min origin minute

sec origin second

glat geographic latitude (degrees: negative value =
south)

glon geographic longitude (degrees: negative value =
west)

dep focal depth (kilometers)

greg Flinn—Engdahl geographic region number (Flinn
et al., 1974)

ntel number of teleseismic observations (delta > 28°)

used in solution
magnitudes (up to 8): first listed is magnitude adopted for the
event

mag magnitude
msc scale
mdo source

Appendix 2. Magnitude Scale (msc)
Descriptors

Moment magnitude (M,,): Value is computed from the scalar
moment (My). M,, is related to the scalar moment by the for-
mula M, =2/31og My — 10.7 (Hanks and Kanamori, 1979).

Surface-wave magnitude (Mg): Value is computed by ISC/
NEIC for earthquakes at depths generally less than 50 km
(NEIC) or 60km (ISC) based on the maximum ground
amplitude of surface waves with periods between 18 and 22 sec
that are recorded at distances between 20 and 160 deg.

Energy magnitude (Mg): Value is computed by NEIC from the
seismic radiated energy (Es) obtained from energy spectral
density of broadband P waves using the formula Mg =2/3
log Es — 2.9 (Choy and Boatwright, 1995).

Broadband body-wave magnitude (mg): Value is computed as
defined by Gutenberg and Richter (1956) based on the max-
imum ground amplitude of seismic body waves with periods of
5-10sec that are recorded at distances greater than or equal to
5 deg.

Body-wave magnitude (mg): Value is computed by ISC/
NEIC based on the maximum ground amplitude of seismic
body waves with periods of 0.1-3 sec that are recorded at
distances greater than or equal to 5 deg.

Japan Meteorological Agency magnitude (Mj): Value is com-
puted using either maximum ground displacement or maximum
ground velocity.

Unknown magnitudes (UK): The computational method was
unknown and could not be determined from published sources.
Examples of unknown magnitudes are the ones calculated by
Gutenberg and Richter (1954) (MgR)-
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Appendix 3. Source Catalog (icat)
and Magnitude Source (mdo)
Descriptors

ABE: Catalog of large earthquakes, mostly magnitude 6.8 and
larger, 1897-1980, from Abe (1981, 1984) and Abe and
Noguchi (1983a,b). The magnitude sources AN1, AN2, ABE1
and ABE2 listed in the mdo column of Tablel are from this
catalog.

B&D: Catalog of large earthquakes, 18971977, compiled by
Bath and Duda (1979).

BRK: Magnitudes reported by the Seismographic Station,
University of California, Berkeley, USA.

BIJI: Catalog of hypocenters and magnitudes reported by the
State Seismological Bureau, Beijing, China.

G&R: Catalog of hypocenters and magnitudes, 1904-1952
(Gutenberg and Richter, 1954).

ISC: Hypocenters and magnitudes from bulletins prepared by
the International Seismological Centre, Newbury, UK, 1964—
1998.

ISS: Hypocenters listed in the International Seismological
Summary, 1918-1963. The same code is used for hypocenters
listed in the British Association for the Advancement of
Science bulletins (1913—-1917), the predecessor of the ISS.

JMA: Catalog of hypocenters and magnitudes, 1926-present,
reported by the Japan Meteorological Agency, Tokyo, Japan.

MOS: Catalog of earthquakes occurring in the former USSR,
1950-1961.

P&S: Complete and uniform catalog of worldwide earthquakes
with Mg magnitudes of 7.0 and larger at depths less than or
equal to 70 km, 1900-1989 (Pacheco and Sykes, 1992).

PAS: Magnitudes reported by the California Institute of
Technology, Pasadena, USA.

NEIC, NEIS and C&GS: Catalogs of earthquakes located by the
US Geological Survey’s NEIC and its predecessors.

ROTHE: Catalog of worldwide earthquakes with magnitudes of
5.5 or larger, 1953-1965 (Rothé, 1969).

UTSU: Catalog of earthquakes in the Japan region, 1885-1925
(Utsu, 1979, 1982a,b).
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Editor’s Note

Computer readable data files for this Chapter are given on the
Handbook CD, under the directory \41Engdahl.



