STATISTICAL PARAMATHRS APPLIZD TO SEISHIC REGIONALIZATION
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ABSTRACT

Previous studies on the seismicity of a small area of Western
Canada include a plot of the epicentres of all earthquakes between
1951 and 1962; a strain-energy release study; and a computation of
the formula relating magnitude and frequency of occurence of the earti-
quakes. The extreme value theorem of statistics is apolied to the same
data to calculate a) the maximum magnitude of an earthquake expected in
an area with a certain return period, and b) the maximum ground motion
expected at selected points within an area with a certain return period.
The parameters of this computation are shown to be of use in evaluating

the seismicity of an areas
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THTA00UCTION

Prior to making a study of the selsmicity of the whole of
Canada, & small area on the Pacific Coast 1s being used as a base
for testing new methods. The selswicity of this area has already
been studied to 2 certain degree (iMilne, 1964), and the results of this
study are outlined belows In this small area complete data are avail-
abla for the year 1951 to 1962, although all the earthquakes are small,

The seismicity of an area can be expressed in several ways. The
hasic method is to simply mark all the epicentres on a mape To refine
this slightly, one mignt indicate an epicentre by a circle the radius
of which is proportional to the magnitude of the earthquake represented.
dthors have expressed seismicity in terms of strain-energy relsase in
some selected unit area and time. This method seems to define the
active tectonic zones within the area under study. It is possible to
calculate the magnitude -~ frequency cf occurrence relatioanship which
indicaves the number of earthgquakes of a given magnitude per unit of time.
Another manner of expressing toe same feature is to use the extreme value
Laeorem of statistics to calculate the largest earthquake with a return
period of a certain number of years. Finally in this report, an attempt
is made to calculate the largest ground amplitude expected at points‘
within the area with a certain return period., These results are dis-
played on a contour map. In all but the latter method the attention
of the reader is focused on the epicentre of the earthquake; but in the

final case the point of observation of the event becomes the centre of

attentione.
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It is anticipated that the seismiciitv of the

whoie of Canada
can be expressed by similar methods; but in so doingz considerable
more attention can bhe pald to boundaries of Lectonic features; and

spal superficial geology than has been possible in this papers

RESULTS OF PREVIOUS STUDIAS

The area selected for this study inzludes southern Va couver

sLand, British Columbia, and some of the mainlande The earthquakes

in this area have been listed in Dominion Observatory publications
since 1951. Epicentres are within a short distence of a three-
station seismograph networke Magnitudeg have been calculated by
2ichterts method (1942) from maximum trace amplitudes recorded at
the three stationse
Insert Figure 1
Figure 1 shows tiae distribution of ail located sarthquakes during
the periods A rather randon scatter is apparents No attempt has
been made bo indicate the magnitude of the individual earthquakes on
this diagram, for the range of magnitudes is too small to present a
patiern.
The strain-energy release diagram for the area is shown as Figure 2.
Insert Figure 2
The value of the strain-energy release (El/ 2) for each earthquake is
calculated from the magnitude by the equation (Richter, 1958)
logyoE = 1les + 15 M
The area was divided into sections of 0,1° square and tie value of

El/ 2 was swmed for each unit area for the period under study. The
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results of this study indicate some tendency to follow local geological
features along the Strait of Georgia.

The relationship between magnitude and frequency of occurrence takes
the form

logioN = a + b(8-1)

where N is the number of earthquakes of magnitude M 0.5, For this area
a, and b, are found by a least squares method to be =1.26 and +0,67
respectivelys This means that in this limited area, one can expect
to find the following earthquakes in a ten year period:

0.1 earthquakes with magnitude between 7 and 8 (or 0.0l par annum)

0.5 n n n n 6 and 7 (or 0,05 n no)
340 n " n " 5 and 6 (or 0.3 ")
12 n u " u L and 5 (or 1,2 " )
58 " u " " 3and 4 (or 5.8 ")
269 " " n " 2and 3 (or27 ot n )
1000 u n " " 1 and 2 (or 100 " LI

It must be pointed out that tiais relationship was derived from data over
limited area, and is based upon observations of relatively small earthquakes

over about a ten year period.

MAXTMUM MAGNITUDE STUDIES

A relationship, quite similar to that of the previous paragraph,
can be found relating magnitude, and return period by means of the
extreme value theorem of statistics. The same data are used as in the

last paragraph of the preceding sectione
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If "p" is the probability that in a given series of earthquakes

the maximum magnitude will have a value less than M, it can be shown thab:

M=U+ ok [_--loge ( - logep)J

If the values of M versus L—- loge ( - loge F)/{ are plotted for several
periods of observation, U can be called the mode (or the value of M
which ocecurrs most often)s o is the slope of the line =o plotted.

U and of are parameters in this casee If N is the number of pericds.
during which observations are made, p then becomes K /(N + l}}or in
other words. p is the return period of an earthquake of magnitude M,
From this relationship it is possible to estimate the largest magnitude
to be expected with a return period of 50, 100 etc. years.

For the discussion here, an individual period is considered to be
0e5 yearse Values of 3.49 and 0.77 have been obtained for U and £X
resypectively. lMethods outlined by Gumbel (1943) have been followed.
In table I the maximum magnitude expected for certain integral return
periods are shown. Thus it can be seen that an earthquake of magnitude

7.05 has a return period of 50 years (= 100 periods).
TABLE I

Return Period No. of Years Magnitude

15 765 5.6

20 10 5.8

40 20 663
100 50 7405
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Again it must be noted that the interval during wilch observatiocns
were made is short, and the magnitudes are all small; so this may nei
be a true physical picture of this areas When a larger tectonic region
ig studied over a longer period of time;, the stronger earthquakes i1l

have more influence,
MAXTMUM GROUND AMPLITUDE STUDIZS

The original version of the Richter magnitude scale (1935) provides
a means of obtaining the magnitude (ML) of earthquakes within a &0 lﬁ_lometrg
radius of the recording station. It is stated that My is equal to the
common logarithm of the maximum trace amplitude of the horizontal Wood
Anderson seismograph minus the common logarithm of the standard earthguake,
This latter term includes the distance factor and is published in the
above paper as (-log Ag)e If the value of ¥y is known, and if the
distance is lmown so that (-log A,) can be obtained, the value of the
logarithm of the maximum trace amplitude of the earthquake as recorded
on a standard Wood Anderson seismograph can be obtaineds The constants
of the standard Wood Anderson seismograph are known, so that it is possible
to obtain the ground amplitude in millimetres. Since most seismographs
are upon bedrock, this ground amplitude calculated is that of the rocke
The earthquakes in this discussion are small, and within 600 kms. of
the seismographj thus the frequency spectrum is not wide. The published
work of authors who have studied the spectra of strong earthquakes
(Housner and Jennings, 196l) indicate that the maximum amplitude has a

frequency between 1 and 2 cep.se The same is evident for small earthquakes
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of this series. Thus the static magnification (2800) of the standard
Wood Anderson torsional seismograph can be used to calculate the ground
motione. Again it must be pointed out that this ground motion is the
horizontal component of the motion on bedrock.

Points have been selected within the area under study at which the
ground amplitude is to be determined. This process is carried out for
each earthquake in this interval. Again a period of 0.5 years is
selected, and for each point chosen, the maximum ground amplitude is
founds Proceeding as in the previous section the extreme value theorem
of statistics can be used to determine the maximum expected ground
amplitude at each point with a return period of a selected number of
yearse The return period of 20 years (= LO periods) has been chosen
for this report. On Figure, the maximum horizontal ground motion onm
bedrock with a return period of 20 years is indicated at each of the
7 points selectede Contour lines have been drawn through points of
equal ground amplitude.

Insert Figure 3 &

0f equal interest are the values of "U" and Kfor the seven points

of Figure 3, These are listed in Table 2, and plotted on Figure Le
Insert Table 2

nyn is the zero intercept as has been pointed out; or alternmatively it

is called the mode, that is, the value of logarithm of the amplitude

wnich occurrs most frequently. MU' thus indicates the general level of

seismic activity. "oX " is the slope of the line obtained or jhe

dispersion when amplitude is plotted versus C" ’2"3’{(—%@\:
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It is used to estimate the probable maximum value of the amplitude at
some future date. If for one site (such as Alberni), a low value of
uy* but a relatively high value of " { " is obtained one would expect
few small earthquakes with a very strong one from time to time. At
another location, for example Victoria, a larger “U", with a small mal ony
would mean that there are many moderate sized earthquakes, with few
large eventse A relatively large "U" and " ;A ", indicates the presence
of a dangerous situation, whereas low values of both parameters point
to the absence of any serious earthquake condition. Thus if a structure
Insert Figure L
were designed for temporary use the "U" term should be the guide, for
it establishes the background level of seismic activity. However, if
the structure is to have a long life, the " (X " term, which indicates
the maximum event expected, must also be considered.

Values of these parameters would be related to the geological
structure in nearby areass A high mode would be found at sites where
there are many small earthquakes in a much faulted geological structure.
In these cases the strength of the earth's crust would be weake. Where
a high value of " o " is found, the system of fault must be such that a
large accumulation of strain energy arises which must be followed by a
rather large earthquake.

The pattern of Figure 3 is what one might expect. A magnitude
6 earthquake northwest of Alberni influences this station greatly.

The contours seem to follow the geological features on this map, but
this need not be so when large earthquakes are experienced in the map

areas When such a routine is carried out for all Canada, a map will
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be available showing the maximum expected horizontal ground motion on
bedrock with frequencies within a narrow bande

The next step in such a process is to predict the amplitudes on any
soil structure, given the amplitude on bedrock. This has been attempted

by Kanai (1956) by the use of an admittance function,
SUMMARY AND CONCLUSIONS

The use of the statistical parameters, U and -{ is suggested as
a practical measure of seismicity of an area. With these values one
can define the background level of seismic activity at location, and
can also estimate the duration of large events from this backgrounde.
The value of the parameters in this case refers to a very special area,
but a similar program has been prepared to cover all of Canada.

When the computation has been completed for a large area, an
attempt will be made to relate the values of the parameters with local

geological featureses
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TABLE

II

pestion | TR0 | B0 | 1 e | for B 0 penrn
Alberni 18 70 2675 »201
Victoria «68 o51 2,55 2130
Vancouver oli5 «30 1.55 2012
(1) <38 59 217 +105
(2) #30 52 2,22 4059
(3 <58 ok3 2,16 051
(L) 58 060 2.78 215
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FIG.I

FIG.2
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STATISTICAL PARAMETERS APPLIED TO SEISMIC REGIONALISATION
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QUESTION BY:

AUTHORS' REPLYs

BY W.G, MILNE AND A.G. DAVENPORT

J.4., FISCHER ~ U.S.A.

Are all your present seismograph stations, and those
proposed for the near future, on bedrock?

The seismographs operated in Canada are now on com~
petent bedrock. In the area included in this paper
the bedrock is granite or granidiorite. We have only
a few more sites to finish in the Canadian network and
bedrock is available at these sites.

R.D. ADAMS - NEW ZEALAND

I noticed the very fine detail of your figures. Could
you tell us the width between the contours and if you
consider this detail to be significant.

In the area covered by this paper the sarthquakes are
within the seismograph network, and they are all small,
This paper is an attempt to define the seismicity of
the area on the basis of these earthquakes. Since the
method works in this case, we now propose to include
the whole of Canada in a similar study using a longer
period of time and larger earthquakes. The contours
on the mape in the paper are thus significant only for
the study of this select series of earthquakes. In
the maps the width of the whole area is some 150
kilometers,

D,S. CARDER -~ U.S.A.

What are the limits of magnitude of earthquakes in S.W.
Canada and adjoining N,W., United States.

The lower limit of magnitude is 2. This is chosen to
eliminate many earthquakes recoxrding on one station
only, and to eliminate blasts. The largest eaxrthquake
of the series is one of magnitude 6 at the north west
tip of the map, The next magnitude is 4.5 and the
majority are smaller than this,
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