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VI.4 Seismic energy and stress drop from moment tensor analysis 

In the previous semiannual summary we discussed suitable ways of extra­

polating low-frequency approximations of the source spectrum to higher 

frequencies. A typical low-frequency approximation is the source repre- ·· 

sentation by moments of low degree, and a suitable extrapolation, at 

least for practical purposes, was suggested to be given by a Gaussian 

spectrum. The w-square model was given as an alternative. It should be 

noted that each of these spectral source models provides an estimate 

of seismic energy and apparent stress, and the second degree moments 

in each model can be interpreted in terms of source dimensions from 

which an estimate of static stress drop may be inferred. A number of 

practical procedures for estimating the parameters in these source 

models is under development; at this stage the restriction is that the 

source be not too shallow. This is due to our present treatment of 

Green's functions in the inversion procedure. Here we summarize the 

procedure and give preliminary· results for a deep event as an example. 

A more detailed treatment is given in Doornbos (1982). 

For a bounded source function with zero degree moment tensor ~' an 

expression for the total radiated seismic energy is 

E s 

1 

where a and B are P and s velocities, ~P and'~s are the assbdafed 

slowness vectors, Yi are direction cosines, and we have introduced 

the energy E and spectral bandwidth B of a pulse by 

+oo dw +00 dw 
E(f) = f _jF(z;;,w) 12 , 

-oo 21T -
B2(z;;} = f '_w2 jF(z;;,w) j2/E(l;) 

-oo 21r - -

(1) 

(2) 
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For the Gaussian and w-square models with second degree moment tens·or 

!::(2)= 

(2) 

x 1/4 'lr-t (Gaussian) 

x = 1/12 (w-square) 

In general the integral over solid angle in equation (1) should be,evaluated 

numerically. Only for a point source is there an analytic solution.·. It is 

more convenient to rewrite the quadratic form in equation (2) in the principal 
A A 

axes sys tern of F ~m, the spatial part of X( 2). Let E i be. the unit 

eigenvectors of F~m and Ai2 the associated (positive) eigenvalues. 

Then: 

A·2 
r 1 2 

l; F ( 2 ) l; = -( y- p. ) 
- == - 2 - -l. c 

2 ... 
+ - F (y•pl) + FTT P1, T - -c 

(3) 

where c is the wave velocity, and rupture is supposed to extend along the 

major principal axis. An interpretation of the spatial moments Ai 2 and 
A 

temporal moment FTT in terms of an equ;l.valent uniform source :region 

is 

20 
Vu=~ 'Ir A1A2A3 ' 

3 

(4) 

where Vu is a volume, Su is a surface appropriate for a plane fault, and 

Tu is a time length. A stochastic interpretation of the moments leads to 

slightly different constants in the' expressions for V and T. 
} ' 

~ '_ 
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If Green's functions are determined by only one asymptotic, wave, an esti­

mate of the 'travel time residual' for each station and phase, ATi, can be 

obtained by standard travel time analysis, and determining the first degree 

moment tensor !(l) from the linear system 

(5) 

would then amount to the usual procedure of estimating source location. This 

will not be further pursued here. Simple Green's functions in the above 

sense can be decomposed, and the system of equations for determining the 

moments of degree zero and two becomes 

(6) 

with 

(7) 

(8) 

where ~ is the unit displacement vector of the wave in the source reference 

point ~· Although equations (7) and (8) are both linear systems, it is 
,.. 

recommended to estimate ~( 2 ) by nonlinear inversion using equation (6) 

directly, and to use physically plausible constraints in the procedure. 

As an example of the procedure, we have inverted long- and short-period 

SRO data from a deep-focus event. The observations are displayed in figure 1, 

and pertinent results for three cases (point source, circular source and 

general ellipsoidal source) are given in table 1. In the context of a 

shear dislocation model, the apparent stress ncr may be obtained from 

scalar moment M and seismic energy Es, and the stress drop Ao may be ob­

tained from scalar moment and fault shape and surface area (e.g., Aki, 1972). 

The stress drops listed in table 1 were simply for a circular fault shape. 

Despite the rather different constraints the results of cases (a) and (c) 



- 55 -

are reasonably close, suggesting that reasonable estimates of seismic 

energy and stress drop can be obtained without knowing the fault geometry 

and rupture history in detail. Nevertheless a number of practical problems 

remains and figure 2 serves to illustrate some of them, namely, the possible 

effects of limited .bandwidth of the digital SRO system, and frequency 

dependence of Q. These problems were already identified previously. 

D.J. Doornbos 
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If-hi F~T RMS M N ;\ - .:\.., L. .:\ -

1 3 
(1025 dyne • c::i) ,_(km2) (km•s) ( s L.) error 

(a) 1.92 0 .17 16.8 15.7 1.5 2.0 0 .145 44 Es = 2.4 x ln 19erg 

(±0.06) ( ±n. os) ( ±n. 9) (±1.3) ( ±3. 5) ( ±0 .1) ( ±0. 06) s = 204 km2 
ticr=l6 bar 
no=l.5 bar 

( b) 1.92 0.17 0 0 0 0 0.33 148 Es =4. 4xl019 erg 
(±0.06) (±0.05) (±0.02) 

(c) 1.92 0.17 9.4 9.4 0 0 0.25 155 E =3.2 x 1019 ero 
s . 2 b 

(±0.06) ( ±0. 05) ( ±1. 2) ( ±1. 2) (±0.02) S=llR km 
llcr= 36 bar 
no=2.o bar 

Table VI.4.1 Fiji Islands event with PDE origin time 1980, June 17, 8 hr, 42 m, 56.9 s, location 
20.175°s, 178.443°w, depth ~80 km, mb 5.6. M and N ate scalar moments of major 
and minor double couple, ;\i are ~ositive eigenvalues of the spatial moment 
tensor, FTT is temporal moment. jF~Tj is length of spatial-temporal 
moment, Es is total radiated seismic energy, S is fault surface area, llcr is stress 
drop, no is apparent stress. Standard deviations in parentheses. Results for (a) 
general model, (b) point source, (c) prescribed rupture on circular fault. 
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Fig. VI.4.1 SRO and ASRO records from Fiji Islands events (see Table VI.4.1 for details) with 
vertical components of P, PKP or SKP. Different amplitude scale for long- and 
short-period sections. Long-period record length is 4 minutes, short-period 
record length is 12 seconds. 
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Fig. VI.4.2 Gaussian excitation spectra (1), (2), (3), for spatial point 
source with finite temporal moment obtained by fitting long­
period amplitudes and short-period ene~gy. (1): short-period 
bandwidth 0.5-2.0 Hz, tem~oral moment F,

1 
= 0.33 s 2; 

(2): bandwidth 0-1.0 Hz, F,, = 0.82 s 2; l3) bandwidth 
0-0.5 Hz, Fn = 1.47 s 2• The curve (a) indicates the 
digital short-period SRO response, (b) and (c) indicate 
a typical Green's function in a standard earth model, for 
P at teleseismic distance. (b) PREM Q-model (used with the 
long-period data), (c) Q-model from Archambeau et al (used 
with the short-period data). Different amplitude scales for 
the different functions. 




