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SUMMARY

This report describes the recomputation of some 100,000 bodywave
magnitudes for earthquakes occurring in the period 1964-81 inclusive,
Compared with the existing conventional magnitude estimates the new values
are relatively free from bias introduced by data truncation, station
amplitude terms and errors in the amplitude-distance curve, The
redeterminations should enable more accurate predictions of seismicity
both globally and regionally and of amplitudes seen at individual
recording stations.

1. INTRODUCTION

This report describes the redetermination of short-period
bodywave magnitudes (m,) of earthquakes reported by the International
Seismological Centre (ISC) during the period 1964-81 inclusive, These
redeterminations were made because of the presence of bias in routine
estimations arising from three causes:

(a) Noise and/or an amplitude measurement threshold employed by
station analysts result in a differential loss or data truncation
of low values for the station magnitudes. Using the mean as
magnitude estimator gives a positive bias (eg, Herrin and Tucker
(1), Evernden and Kohler (2), Ringdahl (3,4)). In this report
this bias will be referred to as "truncation bias".

(b) Station amplitude terms (eg, North (5) Booth, Marshall and
Young (6)) are known to exist but are not routinely applied by
agencies such as the ISC,

(¢) Errors in the Gutenberg and Richter (7) amplitude distance
correction factors routinely applied are known to exist (egq,
Marshall et al (8)).

The amplitude of bias in routine magnitude estimates depends on the
disposition and number of reporting stations in the network and their
amplitude reporting thresholds, This bias will vary temporally as the
network changes and systematically with both geographical location and
magnitude itself. The redeterminations described in this report provide a
data file of magnitudes relatively free from these variations for use in
seismicity studies, prediction of individual station ground amplitudes and
the identification of "anomalous" earthquakes,




2. SUMMARY OF METHOD AND DATA USED

Ringdal (3) describes a maximum-likelihood technique for
estimating magnitudes which is intended to eliminate much of the bias
introduced by data truncation at low readings. In a recent application of
the technique Ringdal (4) describes the redetermination of the 1ISC
magnitudes for the period 1970-80, The new magnitudes appear to remove
many of the inconsistencies of previous magnitudes with respect to global
seismicity and network capability. The method used here is similar to that
of Ringdal (4) with some modifications and is described fully in
appendix A. The data used are the ISC bulletin tapes for the period
1964-81 inclusive. The technique requires a knowledge of the
amplitude-reporting thresholds of stations submitting data to the ISC and
the station amplitude terms. Details of the estimation of these are given
in appendix B. The amplitude-distance curve used is based on that of
Marshall, Bingham and Young (8) and is described fully in appendix C, To
reduce the effects of regional variations from the curve only data in the
distance range 30 to 100 degrees are used and only the magnitudes of
earthquakes with at least 1 amplitude reading within this range for the
designated station network redetermined. Some 100,000 earthquakes fall
into this category for the period 1964-81 inclusive.

3. DISCUSSION OF THE RESULTS

Figure 1 shows a plot of the mean differences between the ISC and
recomputed magnitudes as a function of recomputed magnitude using the
maximum 1likelihood estimator used by Ringdal (3,4) and a similar
formulation given by Christoffersson et al (11). The differences result
from the wuse of the new statistical procedure, alternative
amplitude-distance curve and the application of station amplitude
corrections, Apart from a baseline shift the results using Ringdal's
formulation are broadly similar to those presented in his original
publication (4) and shows that the difference or bias is maximum at
intermediate magnitudes. The fall off in bias at low magnitudes does not
occur using the Christoffersson et al (11) formulation of the likelihood
equation and, as shown below, this is in agreement with predicted results.
The baseline shift of the 0.05 units revealed at large (m, » 6.0)
magnitudes results partly from the use of an alternative amplitude
distance curve (appendix C) but mainly from baselining of the station
corrections as discussed in appendix B.

To check the consistency of the estimations and improve
confidence in the redeterminations, a data simulation experiment was
undertaken to check whether the bias observations such as in figure i are
realistic. The procedure used, which is similar to that of Evernden and
Kohler (2), is as follows:

For a simulated true magnitude and hypocentre:=-
(a) Calculate the expected amplitude at each station in the

designated network using the amplitude-distance curve (A = 30 to
100);




(b) Add normally distributed (SD = 0,35) random numbers to the
amplitudes to simulate amplitude variance. The random numbers
were truncated at : 4 standard deviations;

(c) Add normally distributed random numbers to station average
noise levels to simulate noise variance. In this case the
standard deviation appropriate to each station was used (see
table 1);

(d) signal a detection if amplitude > noise and compute
magnitude as mean for all detections, Repeat for a large sample
(say 500) of simulations at each "true" magnitude.

(e) Compute the bias as the mean difference between true and
calculated magnitudes.

To isolate the effect of truncation bias, station amplitude corrections
were not used., The 1979~-81 network was used and assumed thresholds are
given in table 1,

The observational network (ie, those stations within the distance
range 30 to 100 degrees of the epicentre) changes with epicentre location
and therefore the bias will vary geographically. Figure 2 shows the
variation of the computed bias worldwide for a source of true magnitude
m, = 5.0 for the 1978-81 network in table 1. The bias varies between 0.2
to 0.3 units with the largest values in the southern hemisphere (thus
correlating with detection threshold). For m, = 6.0 the bias drops to less
than 0.05 units almost everywhere. The observed variation will result in
apparently significant but spurious geographical variation in seismicity
parameters such as b values if conventional magnitude values are employed.

Figure 3 shows the mean difference between conventional and
maximum likelihood magnitudes for the Japan-Kuriles region as a function
of the maximum-likelihood values. Since no station corrections were
applied and the same amplitude-distance curve was used, the difference is
the result of "truncation bias", Also plotted is the bias predicted using
the simulation procedure described above, Agreement is very good for both
likelihood formulations except that the fall off at low magnitudes found
using Ringdal's equation is not predicted, Figures 4, 5 and 6 for the
Aegean, Tonga and region of high bias south of Australia (figure 2) show
the same pattern of agreement and deviation indicating that the changes
from the conventional estimates are realistic. The differences between the
two likelihood formulations are negligible at magnitudes normally used for
seismicity statistics (my 4.8 to 6.0) but in order to obtain unbiased
estimates over the maximum magnitude range the formulation of
Christoffersson et al (11) was subsequently applied.

To illustrate the use of the new data file figure 7 shows the
incremental magnitude-frequency plot for all shallow (depth < 100 km)
earthquakes for the period 1964-81, The straight line fitted using the
Page (9) method, indicates that the annual seismicity is represented by
the incremental form:

Log(N) = 7.49 - 1,06 m, cees  (1R)




or the cumulative form
Log(Ng) = 8,10 = 1,06 my, eeee  (1B)

The b value of 1,06 is higher than 0,9 found by Ringdal (4) and 0,98 found
by Lilwall and Douglas (10). This difference in the b value may reflect
the different curve fitting techniques employed as Ringdal used the Kelly
and Lacoss (19) method whilst here only data on the linear section was
utilised, The predicted annual number of earthquakes with my, 3 4.0 is
7250, which is similar to the value of 7500 found by Ringdal (4) and 7300
by Lilwall and Douglas (10). Figure 6 also shows a magnitude-frequency
plot for the Soviet Bloc (as defined in Lilwall and Douglas (10)) for
which the linear section is described by

Log(N) = 5.91 = 0.97 m,
Log(Ns) = 6.56 = 0.97 my,

The b values obtained using the redetermined magnitudes (1.06 and
0.97) are lower than those obtained using the ISC magnitudes (1.43 and
1.23, see Lilwall and Douglas (10)) and the smaller difference (0.09
compared with 0.20) suggest that b values based on the new magnitude
determinations may show less regional variation.
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APPENDIX A
MAXTMUM LIKELIHOOD DETERMINATION OF MAGNITUDES

DEFINITION OF TERMS

For ease of reference the definition of mathematical terms is as
For a network of N stations let the subscript i refer to the ith
For a seismic event of true magnitude M let

D be the subset of the N station indices i for which the station
reports on amplitude

aj be the ground amplitude (Log®/T) at ith station

m; be the associated station magnitude given by equation (3)
below

Bi be the distance-depth correction for ith station
oy be the SD of my about M
S; be the station amplitude term

g; be the average (50%) threshold for reported amplitudes at jth
s%ation

74 be the SD of the threshold about gj

G; be the earthquake magnitude corresponding to noise amplitude
gi given by equation (4) below

Paj; be the probability that a given station is inoperative
Some of the above terms are related by the following equations:
my = a3 + By ceee (3)
This is the definition of station magnitude nj.

Gi =gi + By ceee (4)
defines the "noise magnitude" threshold Gj.

THEQRY OF METHOD

Routine estimates of the true magnitude M are the mean of the

observed station magnitudes mj(ieD)

ie,

ﬁ=zmi/z 100 ) LU ] (5)
ie¢D ieD




The station magnitudes m; are assumed to be normally distributed about the
true magnitude (Freedman (12)). If the observed set mj (ieD) is randomly
sampled then the mean should be unbiased, Unfortunately ground noise, and
thresholds applied by the analyst result in a truncation of lower my
values and the resulting mean is positively biased. The method used to
estimate magnitudes described in this report is similar to that of Ringdal
(3,4) and is intended to remove this truncation bias. Simultaneously the
nethod applies station terms S;. The basic theory is as follows:

For a given earthquake, true magnitude M let the network of
observing stations be divided into two sets namely

Set A: Stations which report an amplitude a; (ie, ieD)
Set B: Stations not reporting an amplitude (ie, igD)
For earthquakes of true magnitude M the conditional probability

distributions of observations in sets A and B are as given by
Christoffersson et al (11) are:

mj =G4 my-(M+841)
s : (Mg = —_— cese
et A P...L(ml/M) ® 7 ¢ o1 (6)
1eD
Gi = (M#Sy)
Set B Pj(no detect/M) = ¢ |———— eess (7)

igD

where ¢ and ¢ are the normal and cumulative normal distributions
respectively. If in addition there is a probability Pa; of the station not
operating the equation (6) is multiplied by (1-Pa) and (7) modified to

Gi-(M+Si)
Pi = Pai + (l-Pai) ¢ —— LU N (8)
ilD 6;i2+012

The likelihood function for the total set of observations in sets A and B
is the product of the individual probabilities (6) and (8)

N mi-G4] [my-(M+sq)] N Gy-(M+Sy)
L= n (i-Pag) & |——|¢ i?n Paj+(1-Pay )¢ |————|| / P2

ieD i 51 ¢9i5+oi!

ceee (9)




where

N Gy~ (M+5;)
P, =1,0 - n |Paj+(1-Paj) & |——e—u0- cees (10)
1 =g | 1 i G TrogT

The factor Py is necessary to make the probabilities conditional to at
least one station reporting an amplitude. In Ringdal's (3,4) formulation
the detection probability of the amplitude observations and P; in equation
(9) are omitted. Both formulations were tried and compared (see section

2). The maximum likelihood estimate ¥ of M can be found by maximising L in
(9) numerically for variation in M using the observations m;(ie¢D) and
predetermined values for o Gl, 74, 54 and Paj. Details of the estimatlon
of these is given in appen ix

Ringdal (4) has extended the procedure to include stations which
report an arrival time (ie, detections) but give no amplitude. In this
third group the probability used in his likelihood function is

[M+51'Gi ]
Py =0 |[—— ceee (11)

This is so, provided the station is not also reporting amplitudes. The
threshold G; may be lower than the amplitude reporting threshold.

Comparison of the mean ISC magnitude for which a station reports
amplitudes to that for arrival times as suggested by Ringdal indicates
that this threshold difference was most frequently 0.2 to 0.3 units.
Clearly where a station reports arrival times alone, and sometimes both
arrival times and amplitude during a given time, then they are adopting
the reasonable practice of reporting an amplitude only where there is
adequate signal to noise (ie, ~ 2.0), The difference in threshold is an
unfortunate complication if this extra group of observations is used
because it is difficult to estimate the lower thresholds accurately from
bulletin data, In addition a further problem arises from the need to
distinguish when stations are reporting detections only, in which case
equation (11) holds, from when both amplitudes and detections are being
reported but with differing thresholds. In the latter case the probability
will be the difference of two functions of the form (11) but with the
different thresholds. The simplified likelihood function (9) is therefore
used here and the information content of the *"arrival time" data
disregarded.

A3, PRACTICAL CONSIDERATIONS

The data used are those published by the ISC for the period
1964-81 inclusive and are available on magnetic tape. Since non-reporting
stations contribute to the results at a given time it is important that
the observing network is selected carefully to reduce the effect of non-
operating stations not fully allowed for in the probability Paj. To enable
this and also to remove stations during periods of apparently erratic
reporting, stations were flagged in or out of the network on a monthly
basis, Stations were chosen if they have contributed sufficient data to
permit reasonable estimates of the station correction and reporting
thresholds, Many more of the less sensitive stations have beeen included




here than were used by Ringdal (4). The reasons for this are twofold;
firstly the inclusion of such stations reduces the bias for large
magnitude (m, > 6.0) that results from the loss of data from stations
which have clipped recordings (von Seggern and Rivers (13), Ringdal (14));
secondly the greater geographical extent of the network should give a
better baseline to the station terms.

To determine the periods when each station was used, the data
submitted to the ISC by each station were displayed in terms of the number
of events and the average amplitude reported each month. Periods when the
station was wholly inoperative are obvious and the station was flagged out
of the network during these months. Although many stations appear to show
consistent performance over long time periods, others including some
sensitive stations exhibit trends or even discontinuous changes with time,
This variation has many possible causes including genuine changes in the
background noise levels, variation in the seismogram analyst's practice,
correction or introduction of errors either by the analyst or in
transmission to the ISC and changes in instrument type or calibration, For
these reasons the thresholds gj and even the station terms S; (see North
(5)) may vary with time, The full time period 1964-81 was therefore
divided into four sub-periods 1964-69, 1970-73, 1974-77 and 1978-81 and
separate values for constants gj, 7, Sy and oy and Paj estimated, Four
years is about the minimum required to obtain sufficient data to enable
stable estimates of these constants at the less sensitive stations, If
even within these shorter time periods strong variation in reporting is
apparent the station was flagged inoperative when appropriate.

Two problems not considered in the theory concern the possible
interference to events whose P arrival falls in the coda of another and
the 1loss of amplitude data resulting from clipped or saturated
recordings.

The effect of overlapping coda is to temporarily raise the
effective noise level and may result in a significant extra loss of
amplitude data. Underestimation of the magnitude will occur if the average
noise level is assumed. To reduce this problem, coda amplitudes from other
earthquakes were predicted for the arrival time of each event. If the coda
levels were similar to or greater than the average thresholds then the
latter were temporarily increased assuming both coda and true noise added
as random noise, Coda levels were predicted using the results of Sweetser,
Cohen and Tillman (15), Sweetser and Cohen (16,17). Application of coda
corrections has little impact on overall seismicity statistics but in
isolated individual cases significant changes (0.2 to 0.3 my, units) are
found,

For the higher magnitudes (m, > 5.5), amplitude readings may be
absent because the seismograms are clipped. This clipping results in a
negative bias in routine magnitude estimates (von Seggern and Rivers (13),
Ringdal (14)). This bias can be inadvertantly increased if such missed
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readings are assumed to result from non-detections., No attempt is made
here to fully correct for clipping because clipping levels are not easily
available, but the latter effect was reduced by identifying stations
suspected to have clipped and not including them in the operating network.
Clipping levels and reporting thresholds are well separated so the former
can be ldentified because for such an eventuality the station only reports

an arrival time for an earthquake with a predicted station magnitude well
above the threshold.
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APPENDIX B

ESTIMATION OF STATION AMPLITUDE REPORTING THRESHOLDS,
AMPLITUDE TERMS AND THE PROBABILITIES THAT A STATION
IS IN OPERATION

Bl, AMPLITUDE MEASUREMENT THRESHOLDS (g; _and 7i)

The average (50%) threshold g; for amplitude measurements at a
station together with its SD yj can be estimated by the method of Kelly
and Lacoss (19). This technique also estimates the seismicity parameters
of the well known Gutenberg-Richter (7) magnitude frequency relation:

LogN = a-bm vees  (12)

Fortunately estimates of both g; and y; are insensitive to variation in b
(Lacoss and Chinnery (18)) and so in this study b was set to 1.0 (eg,
Lilwall and Douglas (10)). The data required are the raw amplitude
(Log™/T) measurements for each station over a time period long enough to
enable sufficient data to be collected. The data sources used were the ISC
bulletin tapes for the period 1964-81, Since some temporal variation in
the thresholds is likely this overall period was divided into four sub
periods (1964-69, 1970-73, 1974-77, 1978-81) and separate values for gj
and 7y; estimated for each. Only data in the distance range 30 to 90
degrees and from months in which the station was flagged as operative (see
section A3) were included.

Table 1 gives the thresholds gi and their sD's 7i. The former
vary from just above 0.0 up to over 2.0 in terms of Log(A/T). These are
not necessarily the lowest thresholds possible since they also reflect
individual station analyst's choice of the minimum amplitude to be
measured and submitted to the ISC. Values of y; are typically 0.2,

Thresholds for the most sensitive stations will be too large in
table 1 because of the loss of data which the ISC was unable to associate
with locatable earthquakes. This data loss starts at near my = 5.0 and.
progressively increases at lower my, values (eg, Lilwall and Douglas (10)).
Magnitude m, = 5.0 corresponds to an amplitude (Logh/T), over most of the
teleseismic range A = 30 to 90, of 1.2, Above this the thresholds should
be reliable but below this they will be progressively overestimated.
Ringdal (4) assumed that little error in the magnitude estimates will be
introduced by ignoring this since the sensitive stations nearly always
report amplitudes and then thresholds do not enter into his likelihood
function. This is not true, for the full 1likelihood equation (9) and
thresholds of less than Log(A/T) of 1.2 were therefore adjusted downwards
using an empirical relation based on a few stations whose true reporting
thresholds have been determined independently of the ISC data. These
stations are the VELA arrays (data for 1966) CPO, BMO, TFO, UBO, WMO;
NORSAR array NAO (mid 1970's), NB2 (late 1970's); Warramunga array, WRA;
Gauribidanur array, GBA; and Eskdalemuir array, EKA. Thresholds for these
arrays using the complete data output are given in Lilwall and Douglas
(10). Figure 8 shows the true thresholds plotted against those found using
the ISC data alone, Although sparse, the plot indicates that the
thresholds using the latter data alone are overestimated by about 0.2
units for the most sensitive stations. The straight line:

12




g = 1.2197g¢-0.25 eeee (13)

is fitted to the data by least squares but constrained through the point
(1.2,1.,2) where we expect the difference to approach zero, Thresholds
below 1,2 were adjusted using the above equation and are marked with an
asterisk in table 1,

B2, STATION AMPLITUDE TERMS (S4,04) AND NON-OPERATION
PROBABILITY (Pa;)

A simple method of estimating the average amplitude terms for
each station is described by North (5). Estimates of S; are the mean
difference between the observed station magnitudes mjy(keD) for a set of
NE earthquakes and the mean magnitudes My

where  ajp = ground amplitude at ith station for kI event

Bijx = amplitude distance factor for ith station for kxth event
D = set of indices for reporting stations
Then
NE NE
85§ = L (mjxMx)/ L 1.0
keD XeD ceee  (15)

These values for S; will be reliable if the magnitudes M) are unbiased and
the station magni%ude observations not truncated, In practice if 1ISC
magnitudes are used for stations with high thresholds neither of these
assumptions are valid and a truncation bias similar to that found in the
mean magnitudes may be introduced. At the expense of the quantity of data
used, these problems were reduced by using larger well recorded
earthquakes only, and in addition the following alternative analysis was
performed which parallels the maximum-likelihood technique described in
section A2,

Suppose we have NE earthquakes of true magnitude My for the xth.
Suppose these are observed by a network of N stations each signalling
detections with measured amplitudes or giving "no data". The overall
likelihood equation for all the observations is similar to that given of
Christoffersson et al (11) and is the product of the likelihoods given by
equation (9) for the NE earthquakes ie,

NE 4 (X mik-Gi| [mix-(Mx+Si)
L= n — in (1-Paj )® T ¢ ,

k=1 P1k [ieD !
N Gy~ (My+51))
n (Paj+(1-Paj)e |———— ceee  (16)
ieD jitoy?
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If, in addition, only relatively large earthquakes are considered then all
the factors Pyy given by equation (10) can be set to 1.0, Given that M,
Gij, 7i are known, the above function can be maximised to give estimates of
Mg, Si, Paj and oj. The numbers of unknowns (M+3N) to be determined is
very large (> 1000) and to maximise this function the following piecewise
iterative scheme was employed.

(a) Assuming approximate values of Paj, S; and oj (eg, 0.15,
0.0, 0.35) estimates of the magnitudes My were obtained by
maximising the likelihood in equation (9).

(b) Using these magnitude estimates My the likelihood (equation
16) was maximised to give new values of Paj, S; and oy. :

(c) Repeat (a) and (b) iteratively until the overall likelihood
is maximised.

In practice, to allow for any temporal variations in the values for Paj,
S§ and o% the analysis was repeated for the same four time periods used
for the thresholds (section Bi1). A lower magnitude limit of my, 5.4 was
employed which gives sufficient data to enable stable estimates for the
less sensitive stations. It was found that after three iterations the
function was effectively maximised and variations in the estimates s;
between iterations were less than 0.01.

Approximate confidence limits on the S; estimates were produced
by exploring the likelihood with variation of S about its
maximum-likelihood value and computing the ratio ).

A= L1/L2 eees  (17)

where L, is the maximum likelihood value and L; is the 1likelihood
naxinised for variation of o and P, for a test value of S. Confidence
limits are estimated assuming =-2log ) is distributed as x* (1) (Brownlee
(20)) and are given in table 2 (under + or =),

The four sets of corrections so determined are baselined so that
their total sum for each group is near zero. Since the network has evolved
in time both in extent and geographical distribution, the effective
baseline applied to the terms will vary. A common baseline was applied to
the total set of station tiﬁps as follows.t Iet C(I,J) be the estimated
station correction for the IR station and JtP time period. Then let

C(I,J) = B(J) + S(I) + €(I,J) cee.  (18)
where B(J) is the unknown base%%ge correction for the Jth period and S(I)
is the station term for the I station. ¢(I,J) accounts for errors in
the C(I,J) estimates and any other random cause of variation. Values of

B(J) and S{I) were estimated by least squares as described by Douglas (21)
under the constraint,

IS(I) = 0 ceer (19)
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The individual equations of condition (18) were weighted by the reciprocal
of the standard confidence 1limit on the individual C(I,J) values. The
values of S resulting from this analysis are given in -table 2 and the
baseline values B(J) are as follows:

1964-69 + 0,066

1970-73 + 0,052
1974-77 + 0,047
1978-81 - 0,004

Some of the apparent variation of the terms C(I,J) with time (J) may be
real (eg, North (5)) and therefore for the final magnitude determinations
the rebaselined values

Sp(1,J) = ¢(1,J) - B(J). ceee (20)

were used rather than the overall estimates S(I). The baselined values §j
together with o and P, are given in table 2, The gradual change in the
baseline values B with time reflects a shift of the world network from
locations on sites with low amplitudes (such as W North America) to a
greater number of sites on or underlain by old shield type crusts which
tend to give high amplitudes. This means that published magnitudes in the
period 1964-77 are underestimated by some 0,05 units compared with the
most recent period (1978-81) and accounts for most of the baseline shift
revealed in figure 1 at high (my > 6.0) magnitudes.

The mean value of o in table 2 is 0,35 which is the same as that

adopted by Ringdal (4). Following Ringdal this overall value was used in
the estimation of earthquake magnitudes rather than individual values ojy.

15




APPENDIX C

ALTERNATIVE AMPLITUDE-DISTANCE CURVE
Magnitude my, of an earthquake is calculated using the equation

m, = Log(3/T) + B(a,h) cees (23)

with A the ground amplitude (in microns) of the first few cycles of the P
wave on short period instruments, T the period. B(A,h) corrects for
epicentral distance and focal depth and allows for geometrical spreading
and attenuation. Values of B were originally determined by Gutenberg and
Richter (7) and are still used for routine determinations., Several
possible revisions of this curve are now available (Veith and Clawson
(22), Booth et al (6), Vanek et al (23), Marshall et al (8), Apart from
baselines all these curves are very similar for the distance range A = 30
to 100 degrees and indicate that many of the irregularities on the
existing B(a,h) curve are not representative of the world average
especially for shallow depths (< 100 km), The curve published by Marshall
et al (8) was therefore used although any of the others would give similar
results at least for shallow sources.

It is desirable that use of a new curve should not unduly change
and the overall world seismicity obtained using the Gutenberg and Richter
curve., For sources at depths less than 100 km the curve was therefore
baselined so that the mean correction in the 30 to 90 degree distance
range is equivalent to the Gutenberg-Richter (7) value. Below this depth
range the original Gutenberg-Richter (7) corrections were used but as
noted by Veith and Clawson (19) this probably overestimates the size of
deep focus earthquakes as compared with shallow. Baseline changes
resulting from use of the new curve are therefore minimised in the
redeterminations but cannot allow for the removal of data in the range 20
to 30 degrees nor for uneven distributions of observations over the total
distance range (30 to 100 degrees).
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TABLE 1, Values of Station Reporting Threshold g and Threshold Standard
Deviation (y) for the Four Time Periods Used in this Study,

1964-69 1970-73 1974-77 1978-81

g 7 g v g v g v
ABQ - - - - 0,17 0.17 - -
ABU 2.27 0.30 - - - - 2.22 0,19
AD- 2,11 0,27 - - - - - -
ADE - - - - 2.01 0.21 2.21 0.28
ADK - - 1.89 0.29 - - - -
AFR - - - - 2.00 0.33 1.92 0.23
AKU - - - - - - 1.47 0.17
ALE 1.53 0.24 *1.14 0.14 *0.80 0.18 *0.81 0. 21
ALQ *0,77 0,22 *1.05 0.19 *0.98 0.23 *0,54 0.16
AMN - - - - - - 1.93 0.19
ANG 2.22 0.10 - - - - - -
ANP 2.21 0.27 - - - - - -
ANR - - - - - - 1.59 0.16
APA - - - - - - 1.80 0.29
APT - - - - 1.50 0.30 - -
ARU - - - - - - 1.62 0.20
ASH - - - - - - 2.19 0.33
ASP - - 1.41 0.30 1.40 0.32 1.77 0.22
AVF - - - - - - *1,02 0.21
BAG 1.88 0.31 1.89 0.24 1.86 0.19 2.02 0.22
BDT - - - - - - 1.60 0.34
BOW - - - - - - *0.79 0.25
BER - - 1.53 0.17 - - - -
BHA *0.66 0.20 *0.,71 0.15 *0.80 0.05 - -
BKR - - - - - - 1.42 0.21
BKS 1.92 0.26 1.58 0.19 1.60 0.23 1.56 0.20
BLA 2.01 0.37 - - - - - -
BMN - - - - - - *0,73 0.25
BMO «0.24 0.17 *0.27 0.17 *0.34 0.22 - -
BNG - - *0.63 0.17 *0.72 0,17 *0.85 0.12
BNS 1.62 0.19 1.63 0.25 - - - -
80D - - - - - - *1.10 0.14
802 *0,97 0.22 - - - - - -
BRG - - *0.94 0.13 *0.95 0,13 «0.98 0.08
BSF - - - - *1.12 0.18 *1.17 0.22
BUD - - - - 1.74 0.32 1.78 0.26
BUH 1.57 0.26 - - - - - -
BUL *0.77 0.16 =0.81 0.11 *0.88 0.11 +*0.80 0.11
CAN 1.50 0,26 1.65 0.27 - - - -
CAR 1.50 0.16 1.54 0.1 1.65 0.16 1.66 0.14
ceM - - - - - - 1.31 0.26
CDF - - - - *1.09 0.20 *1.03 0.20
CHG *0.82 0,19 - - *0.78 0.19 *1.07 0.1
CIR *0.66 0.16 *0.72 0.12 *0.82 0,06 *0.74 C.05
CLK *0.67 0,16 *0.74 0.11 «0.85 0.07 *0.82 0.07
CLL 1.57 0.23 1.21 0.12 *1.16 0.1 *1.18 0.12
CMC 1.85 0.19 - - - - - -
CNN 1.80 0.24 - - - - - -
coL *0.89 0.21 *0.99 0.14 *1.01 0.14 *0.97 0.13
cop 1.89 0.13 1.81 0.18 1.91 0.18 1.91 0.19
PO *0.61 0.21 *0.82 0.15 *0.79 0.16 - -
CTA - - - - - - 1.52 0.24
CVF - - - - 1.47 0.25 1.43 0.30
DAG - - - - *1.00 0.20 *1.00 0.15
DAR - - 1.63 0.19 - - - -
DBN 2.80 0.18 - - - - - -
DCN - - - - - - 1.83 0.28
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FIGURE 1, MEAN DIFFERENCE
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EN ISC MAGNITUDES RECOMP

D

MAGNITUDES AS A F ION OF RECOMPUTED MAGNITUDE FOR THE

PERIOD 1964~-81,

Dots and crosses are for recomputed magnitude using the

Christoffersson et al
formulations respectively.
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FIG 3, PREDICTED BIAS (LINE) FOR THE KURILES-JAPAN REGION T 40
TO 50N; LONG 143 TO 157E) AS A FUNCTION OF "TRUE" MAGNITUDE,

Observed bias (dots and crosses as in figure 1) is the mean
difference between the recomputed magnitudes and the
conventional mean magnitude estimates using the same data and is
plotted as a function of the computed magnitude,
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FIGURE 4, PREDICTED BIAS FOR THE AEGEAN REGION (LAT 30 TO 40N; LONG 20
TO 30E) AS A FUNCTION OF "TRUE" MAGNITUDE,

Observed bias (dots and crosses as in figure 1) is the mean
difference between the recomputed magnitudes and conventional
mean magnitude estimates using the same data and is plotted as a
function of recomputed magnitude.
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FIGURE 5, PREDICTED BIAS FOR THE TONGA REGION (LAT 14 TO 24S3; LONG 170

TO 180W A FUNCTION OF “"TRUE" MAGNITUDE

Observed bias (dots and crosses as in figure 1) is the mean
difference between the recomputed magnitudes and conventional
mean magnitude estimates using the same data and is plotted as a
function of recomputed magnitude.
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BIAS PREDICTED IN FIGURE 2 IN THE REGION S OF AUSTRALIA (LAT
45 TO 65S; LONG 150 TO 180E),
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FIGURE 7, ANNUAL INCREMENTAL MAGNITUDE FREQUENCY PLOT (TRIANGLES) FOR

EARTHQUAKES WORLDWIDE USING RECOMPUTED MAGNITUDES FOR THE
PERIOD 1964-81 INCLUSIVE,

Straight line based on data in the interval 4.8 < m, < 6.1, Dots
show a similar plot for Soviet Union earthquakes.
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Straight line fitted by least squares but constrained through
point (1.2,1,2).
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