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PREFACE TO THE READERS

Program EQRISK has been written as a portion of the on-going
effort at the University of Southern California to accurately describe
the hazard posed by earthquakes. The complete effort includes many
aspects of strong motion seismology: installation and maintenance of
strong motion accelerographs to expand the present data base, pro-
cessing of strong motion accelerograms, interpretation of strong ground
motion to understand the earthquake mechanism, scaling of strong motion
characteristics in terms of simplified parameters which describe the
earthquake source, detailed studies on the distribution of seismic
events, seismic risk analysis, interaction of seismic waves with man-

made structures and natural topography, and earthquake resistant
design. :

Program EQRISK deals with the portion of our effort to estimate the
seismic risk. It was written when we realized that the output of our
effort to describe the scaling of strong ground motion in terms of
earthquake source parameters allowed significant improvement in the
state of the art of seismic risk analysis. This is accomplished by
independent scaling of spectral amplitudes in several frequency bands,
rather than scaling in terms of a single parameter (e.g., peak accelera-
tion). McGuire (1974) had previously suggested this improvement, and
with our development of the frequency dependent scaling relations, it
became possible to implement the improved method.

The fundamental procedure for the seismic risk analysis has been
described by Cornell (1968). Anderson and Trifunac (1977a, 1978) developed
a number of improvements and generalizations, and the computer code EQRISK
is based on their formulation. This formulation is equally adaptable
to regions where the seismicity is based on magnitude or on Modified
Mercalli Intensity statistics. Anderson (1978a) presents the details

of the formulation when intensities must be used to describe the seismic
activity rates.

The program requires certain "input," or data supplied by the user
before computations can begin, and in the course of computations pro-
duces certain ''output,'" or results. Part of the input, which describes
the scaling of strong ground motion with earthquake source parameters,
is provided as a part of this program package. The user must furnish
a description of the seismicity, which is defined as a description of
the geometry of seismic source zones and the occurrence rate of events
of different sizes [magnitude (M) or epicentral Modified Mercalli In-
tensity (Ip)] within each source zone. A source zone is a faul; or
region with the property that when an earthquake occurs, the epicenter
has an equal probability of occurring anyplace in the zone.

From the first cases which we ran (Anderson and Trifunac, 1977)3 it
became evident that the output of this program is sensitive to the input
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seismicity. The program accepts the usual method of describing seis-
micity by a logN=a-bM or logN=a-b Ip relationship, where N is the
occurrence rate of events with size M or Io. The program also accepts
a table of occurrence rates per year. Finally, it allows the seismicity
to be input from a parameter which describes the slip rates on a fault,
using the procedure suggested by Anderson (1978b). Before any single
risk estimate output is accepted, for whatever method of input of the
seismicity, a thorough sensitivity study should be undertaken to see

how the risk depends on the entire range of possible seismicity models.

The output of this program is spectral amplitudes at eleven
different periods which all have the same probability of being exceeded
in strong earthquake shaking. These constitute an estimate for the
uniform risk spectrum appropriate to the site.

It is worth reiterating the comments of Anderson and Trifunac (1978),
that a uniform risk spectrum is a physically (probabilistically) well
defined functional. A seismic risk analysis hopes to estimate this func-
tional as accurately as possible, from information that is always less
complete and less accurate than what is needed.

We hope that this computer code will be a useful tool for those who
are faced with the problems of defining the seismic risk. We believe
that it will be, allowing the user to concentrate on the definition of
the seismicity, and eliminating considerable bother with the details
of procedure in going from the seismicity estimate to the risk esti-
mate.
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Introduction

Most of this report consists of a listing of the computer pro-
gram EQRISK for computing uniform risk spectra (URS) of strong ground
motion. As described by Anderson and Trifunac (1977a, 1978), URS are
found by computing the probability functions independently in several
frequency bands. From these functions, then, a complete spectrum may
be found for which the probability of it being exceeded in the selected
time interval is independent of frequency.

The computer listing contains a thorough description of the input
parameters. This section follows that listing, and expands on the
theory behind some of the options where needed, or describes which

reference gives further details.

Explanation of Options: Input Part 1
MTY, MRS, MAL:

The correlation functions are described in the references in Table
I. Additional references to these correlations are found in Trifunac
(1977a,b) and Trifunac and Anderson (1978c). The attenuation functions
of Modified Mercalli Intensity in the eastern and western United States
are from Anderson (1978a). Basic procedures for use of the magnitude

correlations are given in Anderson and Trifunac (1977a, 1978a), while

these are expanded to the intensity correlations by Anderson (1978b).

ILTL:

The program generally assumes that the seismicity rates which are input
are the mean rates of a Poisson distribution function. However, the program

can also treat these rates as certain future events, as one may wish in
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the case of an earthquake prediction. This procedure is described
by Anderson and Trifunac (1977a), and controlled by parameter ILTL.
MRL:

Relationships between the magnitude and rupture length of an
earthquake have proliferated rapidly in recent years, but is is not
clear how reliable any of them are since there is a large
scatter in the data. I often use the option MRL =6, but do not
pretend that it is better than any of the others. The program treats
earthquakes occurring at a point source or in the diffuse zone (de-
scribed in detail below) as having the rupture length according to the
selected relationship and as being unilateral straight ruptures (epi-
center is at one end of the rupture)'with any direction equally probable.
IPPC:

After the seismic source regions are read into the computer and
broken down to a set of small elements for integration, these elements
are grouped according to distance. By various procedures which depend
on the source region, each integration element is assigned an expected
number of earthquakes at each magnitude or intensity in which faulting
occurs in the element and is closest to the site. When these elements
are grouped according to distance, the result is a table giving the
expected number of earthquakes with each combination of distance and

magnitude (or intensity) that may occur.



INPUT Part 2:

This section deals with the scaling laws for strong ground motion.
References for these have been given in Table I. The user does not normally
need to modify this section at all. If changes should ever be needed, the
documentation within the program should be adequate.

Note, however, that since the program is organized for a time sharing
computer with input from disk, it does not generally read all the data in
this input section. Thus, some.minor modification would be needed to run
this program using cards for input.

Note also that all of these scaling laws are derived from data in
California, which has primarily shallow focus events (<15 km) and fairiy
high attenuation. Thus, application outside of California always involves

some extrapolation.



INPUT Part 3:

This section deals with the seismicity model. The model consists
of point, line, diffuse, and dipping planar faults. Added sophistica-
tion could be implemented in the future, but for calculations which we
have done to date the present setup is adequate. Each source zone
requires (1) a description of the geometry of the zone, and (2) a de-
scription of the rate of earthquake occurrence within the zone.

The point source allows the epicenters to occur at only one spot,
as described by input. When an extended rupture is used, one end of
the earthquake occurs at the point, and the fault is allowed to propa-
gate for one rupture length with all directions being equally probable.
For the diffuse zone, the epicenter is assumed to occur anyplace
within the region defined by the geometry of input. When extended
ruptures are allowed, each elemental area of the diffuse zone is
treated like a point source. Rupture is allowed to extend outside of
the diffuse region.

For a dipping planar source, epicenters are allowed to occur any-
place on the plane, but extended rupture is not treated. The scaling
relationships do not account for earthquakes with depth of focus greater
than about 15 km, since they were developed from California data. As a
result, the greater depth is handled in an arbitrary manner. The dis-
tance from the site to the hypocenter is used in place of the
distance from the site to the epicenter or nearest point on the extended
fault rupture.

Line sources automatically use extended ruptures (although the choice



MRL = 1 effectively makes that rupture length negligible for all events).
In this case, since the geometrical relationships are simple, it is
possible to eliminate any assumptibn about the rupture being either
"unilateral," '"bilateral,”" or otherwise. Rather, the program automa-
tically considers all the ways that a rupture with length specified
(by MRL and the magnitude) can be fit onto the fault.

The occurrence rates of earthquakes can be input in any of four ways.
The first two (ISI = 1,2) apply when a relationship

Oa-bM

NM) 1

]

, or

a-bl

N(I) = 10

is known. In the first case (ISI=1), N(M) [or N(I)] is treated as

the number of earthquakes which occur with magnitude, M [or intensity,

I] greater than or equal to M [or I]. The input includes the maximum
size of earthquakes which may occur, as well as the numerical coefficients
a,b. The second case (ISI=2) uses the same relationships, but N(M) or
N(I) is interpreted to give the number of earthquakes in the incremental
range [M-0.25, M+0.24] or [I-0.5, I+ 0.49].

The option ISI = 3 for input of seismicity uses a procedure suggested
by Anderson (1978c). This procedure finds an occurrence rate of earth-
quakes which is consistent with the geological slip rate on the fault.

As for the two previous methods, the user is required to specify the
b-value and the maximum magnitude. In addition, the user specifies
Mo’ the geological average rate at which seismic moment is accumulated
and released. Mo is easily found from the slip rate s by

o = UA s

A is the cross-sectional area of the fault; in California, a reasonable



procedure to find it is to multiply the length of the fault by 15 km
width. The term u is the shear modulus of the region; in California,
it is reasonable to assign u = 33(:1011 dyne/cmz. Mo should have units
of dyne-cm/yr. For example, if the Garlock Fault (length 255 km) is
assumed to have a slip rate of 8 mm/year, b7lo==9.2:x1024 dyne-cm/year.
This information is input by setting AZTM=9.2 and AZTP = 24.0. The
minimum magnitude is used to avoid calculations based on smaller earth-
quakes, but does not affect the rate of larger events.

The final procedure (ISI=4) for seismicity input is to input the
rates directly. This can be used for checking, or when rates are de-
sired which differ from the exponential relationship of other options.

The program is written assuming input is from disk data files, and
the OPEN statements are appropriate for a PDP system. The internal
documentation is extensive, and thus understanding the program or modi-
fying it to other computers does not require more detailed explanations
here.

Following the listing of the program is a listing of the file
SPEC.DAT which contains the numerical constants for the scaling rela-
tionships (Input Part 2). These are followed by a sample input and

output.



Listing of the Computer Program EQRISK
and all of its Subroutines
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Listing of Part 2 of the Input
for Computer Program EQRISK

This section contains the regression parameters, and
is not normally altered by the user.
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Listing of an Example of Part I
of the Input for Computer Program EQRISK
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Listing of an Example of Part 3
of the Input for Computer Program EQRISK
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Listing of the Printer Output Generated by
Computer Program EQRISK for the Preceding Sample Inputs
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Listing of the Card Punch Output Generated by
Computer Program EQRISK for the Preceding Sample Inputs
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