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Application of linear statistical models of earthquake 

magnitude versus fault length in estimating maximum 

expectable earthquakes

Robert K. Mark

U.S. Geological Survey, Menlo Park, Calif

Abstract

Correlation or linear regression estimates of 

earthquake magnitude from historic magnitude and length 

of surface rupture data should be based upon the 

correct regression. For example, the regression of 

magnitude on log(length) can be used to estimate 

magnitude, but the regression of log(length) on 

magnitude cannot. Regression estimates are most 

probable values and estimates of maximum values require 

consideration of one-sided confidence limits.
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In estimating maximum expectable earthquakes, it is 

common practice to assume a maximum length of surface 

rupture (typically one half the fault length) and use 

'lines of best fit 1 to estimate maximum magnitude from 

graphs comparing historic earthquake magnitudes and 

associated surface fault-rupture lengths. This note 

discusses the interpretation and use of linear 

regression or correlation models for making statistical 

inferences from data on historical events. For 

example, Bonilla and Buchanan (1970) report length of 

surface rupture (L) and Richter magnitude (M) for those 

earthquakes for which these data were available and 

presented "best fit" equations of the form log(L)=a+bM, 

that is, the linear regressions of log(length) on 

magnitude (fig. 1. line AA f ). Other authors (eg. 

Tocher, 1958; lida, 1965) have calculated regressions 

of magnitude on log(length) (fig. 1, lines BB } and 

CC').

I will argue that all these regression lines have been 

used incorrectly to estimate maximum earthquake 

magnitudes from maximum fault rupture lengths. That 

is. the wrong regression line (log(length) on 

magnitude) has been used to estimate magnitude from



maximum rupture length, or regression estimates have 

been interpreted as maximum rather than most likely 

magnitudes (e.g. Greene and others, 1973; Wentworth and 

others, 1973; Wesson and others, 197^ and 1975).

A correlation model

Many models can be used to draw statistical inferences 

from the data on magnitude and length of rupture. A 

transformation to logflength) is used because it tends 

to normalize the data and to enhance the linear 

relationship. For the purpose of this discussion, a 

correlation model is postulated in which it is assumed 

that the magnitude - log(length) data are randomly 

drawn from the population of earthquakes with 

associated surface rupture and that such a population 

has a bivariate normal distribution (fig. 2). As 

indicated below, these assumptions are more restrictive 

than necessary. As indicated in figure 2, the 

regression line of Y on X. or Y=^<+£?X, passes through 

the most probable value of Y for each X and is the 

appropriate line to estimate Y given X. The other 

regression line, the regression of X on Y, passes 

through the most probable value of X for each Y and 

will not provide an unbiased estimate of Y given X.



Thus, the line of Bonilla and Buchanan in figure 1 is 

not the correct regression line for estimating 

earthquake magnitude from fault length. Rather, the 

appropriate regression of magnitude on log(length), 

calculated using their strike-slip fault data, is line 

DD 1 (fig. 1). It is similar to the equivalent 

regression lines of the other authors.

Estimation of maximum earthquake magnitudes

The regression lines of magnitude on log(length) can be 

used to estimate the most likely magnitude for a given 

maximum rupture. It must be stressed that such an 

estimate is not a maximum magnitude, but rather the 

magnitude that could be. expected to be exceeded in 50% 

of the earthquakes associated with that rupture length.

It is possible to use the statistical model to estimate 

the magnitude, as a function of length, that could be 

expected to be exceeded in a given fraction 1-o<of 

surface-rupture occurrences, using a one-sided 

confidence limit (Wonnacott and Wonnacott, 1972, p. 

280):



X- /

where M(L) is the regression value. t,_^is the critical 

value of the t distribution with (n-2) degrees of 

freedom, and s is the standard error of the regression. 

That is. the curve M^CL) is the locus of points such 

that for a particular L, 1~o< is -the probability that 

the magnitude will exceed M^. Note that the regression 

line M(L) is equivalent to M0. 5 (L).

As an example. Bonilla and Buchanan (1970) report data 

on strike-slip faults (n=20) and calculate the 

regression line (L in meters)

log(L)=1.915+0.389M r=.?0 s=.52

The regression of M on log(L) yields

M=1.235+1.2431og(L) r=.?0 s=.93

These lines are plotted in figure 3. along with the 

data points. Also plotted are the curves M a75 and H 0.^s 

for the regression of M on log(L). A magnitude value 

from the regression line M(L) can be referred to as the 

most likely magnitude for a given rupture length, and a



value from M^CL) as a maximum expectable earthquake 

magnitude at exceedance probability 1-<x.

The line EE f 6n figure 3 connects the points that form 

the right-side envelope of the data. This field lies 

entirely to the left of M 0>7? , and on the basis of the 

model, there are potential events larger than EE 1 that 

have probabilities in excess of 5%.

The preceding numerical results are somewhat model 

dependent, in that they depend on the population 

distribution and sample selection, but the general 

implications have wide application. Estimates of most 

likely earthquake magnitudes for a given value of an 

'independent variable' (such as rupture length or fault 

displacement) must be based on the correct regression, 

and estimates of 'maximum magnitude 1 require 

consideration of the distribution about the regression 

line and the application of one-sided confidence 

limits.

These results can also be derived from a less 

restrictive linear regression model in which log(L) is 

treated as an independent variable and M is assumed to



be normally distributed about the regression line (M on 

log(L)) with variance independent of L (Hays, 1973? ch. 

15). If the data warrant, these models could be 

expanded to include additional 'independent variables' 

such as tectonic setting and hypocentral depth. A 

statistical approach is also needed to estimate the 

maximum surface rupture (at some exceedance 

probability) for a given total fault length.
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FIGURE CAPTIONS

Figure 1. Length of observed surface rupture in 

relation to earthquake magnitude. Line AA' is a 

regression line of log(length) on magnitude. Lines 

BB 1 . CC 1 , and DD f are regression lines of magnitude on 

log(length). Lines AA 1 and DD f are based on the same 

data.

Figure 2. The two regression lines in a bivariate 

normal population. The contours are equal probability 

density. Modified from Wonnacott and Wonnacott (1972)

Figure 3- Length of observed surface rupture in 

relation to earthquake magnitude for the strike-slip 

fault data of Bonilla and Buchanan(1970). Line AA f is 

the regression line of log(length) on magnitude and 

could be used to estimate the most likely rupture 

length associated with a given magnitude earthquake. 

Line BB 1 is the regression line of magnitude on 

log(length) and could be used to estimate the most 

likely earthquake magnitude associated with a given



length of surface rupture. On the basis of the 

correlation model, half the earthquakes associated with 

a given length of surface rupture could be expected to 

be larger than BB f . The magnitudes given by curve DD 1 

could be expected to exceed 95$ of the earthquakes 

associated with a given length of surface rupture. The 

broken line EE' is the right-side envelope of observed 

data,
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