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Woodward Clyde Consultants

PREFACE

This is the final report and the second of two vol umes of
docunent ation of work conpl eted by Woodward-Clyde Consul tants
for the National COceanic and Atnospheric Adm nistration (NOAA)
under Contract NA-80-RAC-000-91. The first volume is a user
manual . The conputer prograns described in the manual incor-
porate a semi-Markov nodel of |arge earthquake occurrence in
the cal culation of seismc exposure.

This volume docunents initial application of the software
package to the CGulf of Alaska study region. Figure O shows
the study region for which seismc exposure calculations were
made. Seismc inputs were devel oped by personnel of the

Sei snol ogi cal Research Unit (sruy of the Al aska Geophysica
Institute; the Lament Dougherty Geophysical Institute; the
University of Texas at Galveston; and the United States

CGeol ogi cal Survey (USGS) at Menlo Park and Denver

The seism c exposure maps are for maxi mum horizonta

accel eration, maxi mum velocity, and pseudo-relative velocity
at 5% danmping and a period of 0.8 seconds. Contours have been
mapped for each ground-notion paraneter that has a 33% | eve

of exceedance or an equival ent 100-year return period in a 40-
year future time period of interest.

Copi es of the project docunmentation can be obtained from

Dr. Peter W S10ss
NOAA/NGSDC D621
325 Broadway
Boul der, Col orado 80303
(303) 497-6521



Woodward-Clyde Consultants

DEVELOPMENT AND | NI TI AL
APPLI CATI ON OF SOFTWARE FOR
VOLUME |l - SEISM C EXPOSURE EVALUATI ON

TABLE OF CONTENTS

Page
PREFACE i
LI ST OF FI GURES P
LI ST OF TABLES IV
ACKNONLEDGVENTS
1.0 | NTRODUCTI ON 1
2.0 METHODOLOGY 2
3.0 DATA | NPUT 3
3.1 Assessnents of Inputs for the SElI SM C.
EXPOSURE Pr ogram 3
3.1.1 Earthquake Source Geonetry 3
3.1.2 Earthquake Recurrence 5
3.1.3 Fault Rupture-Length/Mgnitude 6
Rel ati onshi p
3.1.4 Attenuation Relationships 7
3.2 Assessnent of Inputs for the MARKOV
Program 10
3.2.1 Sgleﬁc-tl{/t;)rnko?/f ,\%bodne(?s for Applying the 0
3.2.2 Definition of States and Unit Tinme 11
3.2.3 Assessnent of Transition
Probabi lities, Pij 11

3.2.4 Assessnent of Probability Distribution 12
of Holding Tines, ti5(m)

3.2.5 Conpilation of Hi storical Seismicity

Dat a 13
3.2.6 Definition of Initial Seismicity

Condi tions of Each Zone 13
3.2.7 Comments on Assessnent of Subjective

Dat a 14

3.3 Summary of Data |nputs 14




Woodward-Clyde Consul tants

4.0 I NITIAL APPLI CATI ON RESULTS- - KEY FEATURES 16
4.1 Earthquake Recurrence 18
6.0 APPLI CATI ONS OF MAPPI NG PARAVETERS 19

APPENDI X A: I NPUTS FOR SEI SM C EXPOSURE EVALUATI ON

APPENDI X B:  MARKOV | NPUT/ QUTPUT SUMVARY

APPENDI X C.  ASSESSMENT OF | NPUTS FOR THE
SEMI-MARKOV MODEL

REFERENCES FOR VOLUME | |



Woodward-Clyde Consul tants

LI ST OF FI GURES

Fol | ows
Nunmber Title Page

0 Qulf of Al aska Study Area for the
Initial Application of the
SEI SM C. EXPOSURE Sof t ware Package
to CGenerate a Seism c Exposure Map

1 Schemati ¢ of SEISMIC.EXPOSURE
Sof tware Program 1

2 @il f of Al aska Thrust Benioff Zone 3
3 @il f of Alaska Seism c Sources 3

4 Approxi mate Fault Rupture-Length/
Magni t ude Rel ationship Based on
Wss (1979) 6

5 Sel ected Attenuation Relationship for
Maxi nrum Accel eration for Source
Type A - Stiff Sites 8

6 Selected Attenuation Relationship for
Maxi nrum Accel eration for Source
Type B - Stiff Sites 9

7 Comparison of Attenuation
Rel ationshi ps for Maxi num
Accel eration for Source Types
A and B, Magnitude 6.5 -
Stiff Site 9

8 Conparison of Attenuation
Rel ati onships for Maxi num
Accel eration for Source Types
A and B, Magnitude 7.5 -
Stiff Site 9

9 @l f of Al aska Sem -Markov Zones 10

10 Accel eration (cm/sec2) - Probability
of Non- Exceedance 0.667 16

11 Vel ocity (cmsee) -- Probability
of Non-Exceedance 0.667 16

12 PSV (0.8 Second Period, 5% Danpi ng)
Probability of Non-Exceedance 0. 667 16



Woodward-Clyde Consultants

LI ST OF TABLES

Nunber Title Page
1 Discrete States for the Sem -Markov Model 11
2 Fractiles of M (Mg or M) 12
3 Distribution of Holding Times for

Shumagin Gap 13
4 Shift Factors for Holding Tines of

G ven Zones 13
5 List of Al aska Earthquakes Since 1788

Wthin the Gulf of Alaska Region 13
6 Data on Transitions of Large Earthquake

Magni tudes for the Study Area 13
7 Data on Hol ding Times Between Qccurrences

of Large Earthquakes in the Study Area 13
8 Initial Conditions for the Seisnpgenic

Regions of the @il f of Al aska 13
9 Expected Nunber of Events from the

Sem - Mar kov Model 18

Vi



ACKNONLEDGEMENTS

The Devel opnent and Initial Application of Software for
Seism ¢ Exposure Eval uation project was sponsored by the
Bureau of Land Managenent (BLM) through a contract with the
Nati onal Cceanic and Atnospheric Admnistration (NOAA).

M. Rodney Combellick was the NOAA Technical Mnager for the
study .  The support, encouragenent, and guidance from M.
Combellick i S acknow edged. This study is a part of the Quter
Continental Shelf Environmental Assessnent Program (OCSEAP).
Representatives of several Seisnological Research Units have
participated in the project through their many suggestions and
their devel opnent of seismic inputs for application of
computer software to the Gulf of Alaska study region. These
representatives are |isted bel ow

M. Rodney Combellick Nat i onal CQceanic and
M. Joseph Kravitz At nospheric Adm ninstration
Dr. Hans Pulpan University of Al aska,

CGeophysical Institute

Dr. Klaus Jacob Lanment - Dougherty Geophysi cal
Institute

Dr. John Lahr USGS, Menl o Park

Dr. Robert Page USGS, Menl o Park

Dr. David Perkins USGS, Denver

The above-nanmed individuals attended two project workshops to
review and di scuss the nethodol ogy and to establish necessary
seismc inputs for the first application of the software

package. The participants also provided val uable coments and



di scussion on the first draft of the user manual. The project
t eam appreciates the participants’ support and interest in the
st udy.

The project team consisted of the follow ng personnel from
Woodward-Clyde Consul tants:

|. MIdriss Project Director
Ashok Pat war dhan Proj ect Manager

Ceorge E. Brogan, Paul Guptil, CGeol ogy
Edd O ark

Tom Turcotte, John M Hobgood, Sei snol ogy
Bar bara Bogaert, Linda Seekins

Khosrow Sadi gh Eart hquake Engi neering

Ezio alviti, Ram B. Kulkarni Probability Analysis

Vi



68° 1640 160° 1560 152° 1480 1440 1400 136° 132° 1w 124
T T 1 \ \ \ \ \ \ \ \ \

NORTON
SOUND

60¢ | .

KUSKOKWIM
BAY

(2 of tnitial Application
of software Package

56(

GULF
2 OF
ALASKA

1600 156° 152° 148° 1440 1400 136¢

o 50 120 150 Miles

0 100 200
L J ‘'m

Fig. O- Gulf of Alaska Study Area for the Initial Application of the SEISMIC. EXPOSURE
Software Package to Generate a Seismic Exposure Map



VOLUME ||

DEVELOPMENT AND | NI TI AL APPLI CATI ON OF SOFTWARE
FOR SEI SM C EXPOSURE EVALUATI ON

1.0 | NTRODUCTI ON

This report presents the scope of activities and the

nmet hodol ogy used by woodward-Clyde Consultants (WCC) in the
initial application of the seismc exposure software devel oped
under NOAA Contract NA-80-RAC-000-91. The conponents of the
sof tware package conputer program are shown schematically in
Figure 1 and are collectively referred to as the

SElI SM C. EXPOSURE software package. It consists of a main
program cal l ed SEI SM C. EXPOSURE and three other prograns:
MARKOV, coNsT.PrOB, and PLOT.ISO. \Wen the programs are used
in conjunction with one another, they can generate seismc
exposure maps for any tectonic environnent.

The MARKOV programrepresents a new approach to characterizing
t he occurrence of large and great earthquakes by using a semi-
MARKOV nodel. This nodel has a tenporal and spatial nenory of
historical seismc activity that is used in nodeling the
probability of occurrence for projected future seismcity in
subduction zone environnments.

Two wor kshops were held in San Francisco by WCC for the

Sei snol ogi cal Research Unit (SrRu) participants. The purpose
of the workshops was to review and evaluate the

SElI SM C. EXPOSURE software as it was being devel oped and to
develop initial application inputs. These inputs of source
geonetry and source seismcity for the GQulf of Al aska region
were checked for consistency and accuracy before being

i mpl emented into conputer code. Review comments on the first
trial map for the GQulf of Alaska were solicited from NOAA and
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from sel ected representatives of the sruparticipants. An

I ndependent review board of consultants provided review and
comrent on the software devel opment activities. Three seismc
exposure nmaps were produced using the SRU inputs. The ground-
motion paraneters mapped are maxi num horizontal acceleration,
maxi mum vel ocity, and pseudo-relative velocity at 5% danping
and 0.8 second peri od.

This report is organized into six sections. The follow ng
five sections provide a discussion of the methodol ogy, data
inputs, results, sunmmary and conclusions, and suggestions for
applications of the project results. Wien read in conjunction
with Volume 1, this report provides a conplete description of
the conmputer algorithms used, the mathematical theory, and the
application of the software package to seismc exposure

eval uation.

2.0 METHODOLOGY

The software presented here was devel oped in conpliance wth:
a) the scope of work proposed to NOAA; b) the recommendations
from SRU participants during the two NOAA workshops in San
Franci sco; and c) the recomrendations from the review board of
consultants. In the first workshop, software devel opnents to
that date were discussed, and SRU participants were oriented
to the inputs and the proposed al gorithm software package.
After the workshop, participants were sent copies of first
drafts of the user manuals and of the suggested seismc inputs
for their review and comment.

The second workshop was held so SRU participants could
generate inputs for source geonetry and source seismcity for
the first application of the software package to the Gulf of

Al aska data. Editorial changes for the two draft user nanuals



were discussed with the participants, and two nodifications
were suggested for the SEISM C. EXPOSURE program

The inputs were checked for consistency, and nodifications
were nmade as required. A trial map for maxi num horizonta
accel eration was generated from these inputs. The seismc
exposure map for 100-year-return-per iod accelerations in the
Qulf of Alaska for a period of interest of 40 years was sent
to NOAA and to several SRU participants for their review and
comrent. These comments were reviewed and discussed before
i mpl ementation and before the seismc exposure maps and the
user manual for the SEISM C EXPOSURE software package were
gener at ed.

3.0 DATA | NPUT

3.1 Assessnents of Inputs for the SEISMIC.EXPOSURE Program

The assessnments of source geonetry, source seismcity, fault-
| engt h/ magni tude relationships, and attenuation relationships
used in the initial application of the software were based on
results obtained fromthe research efforts of the SRU
participants. These inputs are summarized in the figures,
tables, and appendices in this volune, and are discussed in
the follow ng four sections.

3.1.1 Earthquake Source Geonetry

The SRU participants divided the earthquake sources into four
categories which are shown in the two maps in Figures 2 and 3.

Sources along the subduction zone were typically described as
bei ng doubl e dipping, froma 6-kmto 40-km depth in the

of fshore area of the Alaska Peninsula, then dipping to a 125-
km depth in the vicinity of the volcano line of the A eutian
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Peninsula (see Figure 2). This configuration was chosen on
the basis of work done by personnel of the University of

Al aska Ceophysical Institute (AGI) in the Kenai Peninsula

area, and by personnel from the Lanont GCeophysical Cbservatory
of Colunbia University in the Shumagin |Islands region of the

Al aska Peninsula. In the Yakutat-Yakataga area, personnel of
the USGS provided know edgeabl e guidance in establishing the
configuration of earthquake sources in that region. Here the
subduction zone was as shallow as 6 km dipping first to 15 km
and then to 40 km farther inland.

Normal faults, offshore faults, and the defornmed zone were
given orientations and spatial extents based upon adjustnents
to the OASES (1978) results. Random sources were selected to
underlie the entire area of earthquake sources at a shall ow
depth in order to account for abackground seismcity |evel

not correlated with mapped geologic features. These sources
are shown in Figure 3.

Eart hquake source geonetries for nost onshore faulting have
not been included in the analysis. The SRU participants felt
that, for a regional seisnmic exposure application, these
sources would not provide significant ground notions when
conpared to the selected earthquake sources. The only
exceptions were the faults associated with the Fairweather-
Denali fault system  Follow ng the workshops, limtations in
the programis ability to handle certain geonetries were

di scovered (see Volune I). Slight nodifications in some of
the source geometries were necessary. The original source
shapes were approximated as closely as the restrictions
permtted. Source geonetry information is summarized in
Appendi x A

Maxi mum earthquakes were estimated by the SRU participants on
the basis of the following: the Mscale (Hanks and Kananori



1979; Kananori, 1977), Wss (1979), and the professional
judgnents of the SRU participants based on their know edge and
experience. These values are also presented in Tables A-7

t hrough A-9.

3.1.2 Earthquake Recurrence

Assessments were nmade in two steps. First, earthquake
recurrence estinmates were established on sources for the
magni tude range Mg 5.0 to 7.8, These assessnments were estab-
l'ished by use of adjustments to Gutenberg and Richter (1956)
type nagnitude-frequency relations. The nagnitude-frequency
rel ati onships constituted a guide from which judgnents were
made by SRU participants about the nodifications required for
each distribution on the basis of their data and experience
wth the seismcity and tectonics in the respective
geographi cal areas. These adjustments were subjective and
were made after conparing and contrasting the |evels of
activity of local and regional earthquake sources in Al aska.

These estimates were checked by WCC personnel for consistency
between regional seismcity levels. A summary of the SRU
partici pant consensus on estinmates of earthquake recurrence is
shown in Table A-4. The nagnitude-frequency relationships
estimated from these recurrence characteristics are provided
in Appendix A as Figures A-1 through A-9. The magnitude-
frequency curves were broken into + 0.5 nagnitude increnents.
The nunber of earthquakes in each magnitude increnent was
calculated for a period for which the historical earthquake
data were assunmed to be conplete (75 years). The resulting
magni tude distributions for each earthquake source were
entered into the SEISM C EXPOSURE program with the appropriate
source geonetries and are shown in Table A-5.



Step 2 consisted of estimating the recurrence for earthquakes
greater than Mg 7.8 occurring in a seismc gap along the
subduction zone in the Gulf of Alaska. A new feature of this
sof tware package is that these estimates can be nade on the
basis of a sem -Markov nodeling of the seismc gap seismcity
environnment. A detailed discussion of the assessnent process
for these inputs is given in Section 3.2 of this report.
Details of the sem -Markov mathematical theory and program can
be obtained by referring to Volune I, Sections 4 and B.2. The
recurrence information (probabilities of occurrence) for seis-
m c gaps (for earthquakes of nmagnitude greater than Ms 7,55)
required by the SEISM C. EXPOSURE program was generated by
first executing the MARKOV program for appropriate sem - Markov
i nputs.

3.1.3 Fault Rupture-Length/Magnitude Rel ationship

Because of the occurrence of |arge earthquakes in the Gulf of
Al aska region, it was suggested by the SRU participants that a
fault rupture-1length/magnitude relationship should be used
which reflected the characteristics of earthquakes with |arge
rupture areas. The relationship that was chosen is based upon
the Wss (1979) relationship between earthquake magnitude and
fault-rupture area. There is an inplicit assunption that
fault down-dip width of rupture along the subduction zone has
a maxi num of about 200 km while the length of the rupture can
be 1,100 km  The relationship used is shown bel ow

Ms = log A + 4.15
where A is the area of the fault rupture plane in (km?),
For the purpose of determning the rupture dinmensions for a

given magnitude, Mg was assuned to beequivalent to M,
Figure 4 shows a listing of earthquake magnitude, source area
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Fig. 4- Approximate Fault Rupture Length Magnitude Relationship
Based on Wyss (1979).



length Of  rupture, down-dip rupture width, and the relation
between the rupture width and length for which the tabul ated
values were estinmated. Conplications arose when several ot
the faults were assigned earthquakes wth rupture dinensions
that were too large to fit on the fault surtace. Therefore,
It was necessary to scale down the rupture length and w dths
for magnitudes > 8.0. (Test runs were nade conparing the
results of reduced rupture size against |ower magnitude
cutofts on the smaller faults. Reauction of the rupture size
proved to be the nore conservative option). The rupture

di mensi ons used are shown in Appendix A, Table A-3.

3.1.4 Attenuation Relationships

The consensus of the sru participants was that subduction zone
eart hquakes have source-site paths that are different from
crustal earthquakes. Although the affect on maxi num ground-
motion values can also in part or entirely be explained by
source effects, it was felt that data were insufficient for
the Al aska subduction zone environnent to attribute the
attenuation differences to specific source effects; hence, the
observational differences in source-path effects were kept in
the analysis. Consequently, the participants felt that the
attenuation relationships (WC, 1978) for transmssion for
Source Type A and transm ssion for Source Type B, valid for

di stances of less than 20 km and greater than or equal to

20 km respectively, were an appropriate start for selecting
nodi fied relationships tor this stuay. The revised relation-
ships are valid for Benioff zone sources as shallow as 6 kmin
depth (closest distance to a site), and these relationships
woul d not have a discontinuity at 20 kmin depth. Because the
non- subduction zone sources were less than 6 kmin depth, the
rel ationships for ground-notion parameters with Source Type A
curves did not change. On the other hand, the Source Type B
curve for maxi num accel eration was nodified since it changed



more dramatically as a function of distance than the other
paranmeters (e.g., displacenent and pseudo-relative velocity).
The attenuation relationship for maxi num accel eration for
Source Type A, stiff sites, is summarized bel ow

A. (median) = 191 exp (0.823 Mg*) x (R+C)~1-56

in which Amax i s t he maximum acceleration (incm/sec?), R is
the closest distance to rupture surface (in km, and C is the
di stance-normal i zing parameter which is nagnitude-dependent,
as follows:

C = 0.864 exp (0.463 M)

The plot of nedian attenuation relationships for Source
Type A stiff sites, is presented in Figure 5.

The attenuation relationships for Source Type B for QOASES
(1978) were devel oped by regression of applicable data

predom nantly clustered in the distance range 60 to 150 km

In the OASES study, a reasonable fit to the data was obtained
by conducting regression analyses with pre-selected sl ope
coefficients. The slope coefficient which was finally
selected for maximum acceleration was - 1. 05. The resulting
attenuation relationship** was considered to provide
reasonabl e estimates of peak acceleration for transm ssion
Source Type B for distances greater than 20 km

For the present study, the Source Type B relationships are
requi red by the SRU participants to beapplicable to distances
as close as 6 km Due to this condition inposed by the SRU

* or M,
" Ajax (median) = 284 exp (0.587 Ms) X (R+c)~1-05
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participants, reasonable extrapolations to such close

di stances were permtted by nodifying the Source Type B
attenuation relationship for maxi num accel eration. The
revised relationship is as follows:

Amax (median) = 21U exp (0.5 Ms) X (rR+C)~0.85
The plot of the selected relationship is shown in Figure 6.

Conmparisons of attenuation relationships for transm ssion for
Source Types A and B are shown in Figures 7 and 8 for

magni tudes 6.5 and 7.5, respectively. The following are two
maj or constraints which were taken into consideration while
deriving the revised relationships in this study for

transm ssion Path B:

(1) In the distance range where the Source Type B data are
predomnantly clustered (60 to 150 km, the revised
attenuation relationship predicts essentially the sane

maximum accelerations as the relationship for Source

Tyre B given in the wCC (1978) report.

(2) The various coefficients for the revised relationship for
Source Type B were selected such that at exceptionally
close distances, the predicted accelerations are essen-
tially the sane as those predicted for the Source Type A
relationship, as can be readily seen in Figures 7 and 8.
Consequently, at distances smaller than about 40 km and
particularly at distances closer than 20 km the revised
relationship predicts significantly |ower naxi num
accel erations than the WCC (1978) Source Type B
rel ationship.

The Source Type A and the selected Source Type B attenuation
rel ati onshi ps were used for maxi num horizontal acceleration in
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the generation of the seismc exposure maps in Section 4.
Paraneters for other ground-notion variables for the renmaining
seism c exposure maps were taken from the WCC (1978) result;
the paraneters are given in Table 10.

3.2 Assessnment of Inputs for the MARKOV Program

The assessment of inputs for the sem -Markov model in the
program MARKOV was conpleted in the follow ng steps:

Sel ecting zones for applying the sem - Markov nodel.
Defining states and unit tinme.

Assessing transition probabilities, Py 5

Assessing probability distributions of holding tines,
tij(m)'

5. Conpiling available historical seismcity data for each of

=~ e

t he sel ected zones.
6. Defining initial seismcity conditions for each zone.

A detailed discussion is given in Appendix C of how subjective
probability analysis techniques are used in nmaking the
Bayesi an analysis in the sem - Markov nodeling. These
assessnents were nmade during group neetings hela as part of
the second SRU workshop in which expert geol ogists and

sei snol ogi sts from the various research units participated.
The values reported in this section reflect the group
consensus val ues used by WCC in producing the initia
application seismc exposure naps.

3.2.1 Selection of Zones for Applying the Sem - Markov Model
Zoneswere selected primarily on the basis of their
correspondence to recogni zed seismic gaps, each of which have

been historically observed to rupture about the areas
selected. The selected zones were (see Figure 9):

10
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Yakut at Bl ock
Yakatagya Gap
PCK Gap (consisting of three sections: Prince WIIliam

Sound, Cook Inlet, and Kodi ak)
Semidi Gap (1938 earthquake rupture zone)

Shumagi n Gap

3.2.2 Definition of States and Unit Tine

The discrete magnitude states were defined in terns of the
100-second surface magnitude or M, (Kanamori, 1977, Hanks and

Kanamori, 1979). This nmeasure of the size of large and great
eart hquakes does not saturate as Ms does at nmagnitude 8 Ms
| evel s and greater. Hence, whenever available, M magnitudes

were used in the magnitude specifications for historica
seismicity greater than or equal to Mg 7.55. These states are
defined in Table 1.

A unit tine interval of five years was considered reasonable
by judging that the Iikelihood was negligible tor nore than
one large earthquake (Ms > 7.8) to occur within five years in
any one zone over the next 40 years.

3.2.3 Assessnent of Transition Probabilities, Piyy

A transition probability p, is the likelihood that the state
of the next l|arge earthquake will be j, given an earthquake in
state i at the present tine. To obtain Pyjr @ cont i nuous pro-
bability distribution on M was assessed. By discretizing the
continuous distribution into intervals defined by the states,
onecan cal cul ate P- 1y This calculation is perfornmed within

t he conputer program MARKOV. The necessary inputs to MARKOV
include the four fractiles (0.25, 0.50, 0.75, and 1.0) of M
for each i

11



TABLE 1
DI SCRETE STATES FOR THE seMi-Markov MODEL

State Index Magnitude Range (M. or M,) Representative Value

1 7.8 - 8.29 8.05
8.3 - 8.79 8.55
3 8.8 - 9.29 9.05



TABLE 2
FRACTI LES OF My (Mg or M)

Ref erence Case - The sane fractiles for all zones.

_ 0.25 0.50 0.75 1.0
State I ndex, | Fractile Fractile Fractile Fractile
1, 2, or 3 8.3 8.5 8.7 9.3

Paranetric Case - Different fractiles for the follow ng zones
m ght be used.

State 0.25 0.50 0.75 .0
Zone | ndex, i Fractile Fractile Fractile Fractile
PW or 1, 2, or 3 84 8.7 9.0 9.3
CI
Yakataga 1, 2, or 3 8.1 8.3 8.5 9.3

Gap



The fractiles of M were subjectively assessed using the
procedures described in the Volunme | user manual. The sane
fractiles were judged to be applicable to all zones. Table 2
shows the assessed fractiles.

As indicated in this table, the fractiles of M were judged to
be independent of i; that is, the likelihood that the next

| arge earthquake will be of a particular magnitude is the same
regardl ess of the nmagnitude of the last |arge earthquake. One
of the experts, however, considered it appropriate to vary
transition probabilities for sone of the zones. His assess-
ments are also shown in Table 2 and can be used in paranetric
anal ysi s.

324 Assessnent of Probability Distributions of Holding
Tinmes, tjq(m)

The program MARKOV requires the four fractiles of t,(m
(0.25, 0.50, 0.75, and 1.0) for each i and j within each
zone. The assessnent of these fractiles closely follows the
procedure described in Appendix C.

Experts generally agreed that the holding time between
successi ve earthquakes of magnitude M and M was nuch nore
dependent on M; (the magnitude of the last |arge earthquake)
than on M (magnitude of the next |arge earthquake). This
judgnment was primarily based on the seismicity nodel proposed
by Ando (1975) with which the experts were in agreenent.

Because the experts felt nore confident about providing

subj ective judgments for Shumagin Gap, the distribution of
holding times was first assessed for this area. Distributions
of holding tinmes for other zones were assessed relative to the
distribution assessed for Shumagin Gap. In fact, it was

12



consi dered reasonable to represent the holding tines for a
zone by applying a sinple shift factor to the corresponding
holding times for Shumagin Gap. Followi ng the nodel by Sykes
and Quittmeyer (1980) , the shift factor for a zone was assuned
to be the ratio of width of a zone to the wdth of Shumagin
Gap (see Figure 2).

Table 3 shows the fractiles oftiTWfor the Shumagin Gap
(Part 1); Table 4 shows the shift factors for other zones.

The t,, (m)'s for the other zones are presented in Appendix B.
3.2.5 Conpilation of H storical Seismcity Data

The dates and magnitudes of |arge earthquakes that occurred in
the @ulf of Al aska region were tabulated by using available
records of historical seismicity, as shown in Table 5. The
information in Table 5 was further analyzed to obtain all the
I nstances in which an earthquake of magnitude Mfol| owed an
eart hquake of magnitude M in each of the defined zones. The
data on transitions of earthquake nmagnitudes for each zone are
shown in Table 6, while the data on holding tinmes between M
and M are summarized in Table 7.

3.2.6 Definition of Initial Seismcity Conditions of Each
Zone

The magnitude of the last |arge earthquake (M) in a zone and

the time elapsed since its occurrence (to) define the initial
seismcity conditions of the zone. The data in Table 5 were

used toestimate M and to for each of the selected zones.
Table 8 summarizes these initial conditions for several zones
in addition to those five zones used in the analysis. The
date of the last large earthquake occurring in the Yakutat

Bl ock and Shumagin Gap area is not precisely known. The
paraneter "t " was estimated to be anywhere between 200 to

13



TABLE 3
DI STRI BUTI ON OF HOLDI NG TI MES FOR SHUMAGIN GAP

Holding Tine (Years)

0.25 0.50 0.75 1.0
Fractile Fractile Fractile Fractile

t11 50 75 100 280
tyo 55 80 110 300
ti3 60 85 120 320
tog 80 115 155 410
1929 87 125 165 440
to3 94 135 175 470
'31 110 150 180 480
t3o 120 160 200 500

' 33 130 170 220 520



TABLE 4
SH FT FACTORS FOR HOLDING TIMES OF G VEN ZONES

Ref erence Zone: shumagin Gap

Zone Shift Factor
Yakataga Gap 0. 37
Yakut at Bl ock 0.75
PCK Gap

Pw Segnent 1 1.15
CI Segnent 2 1.43
K Segnent 3 1.75
Sem di Gap (1938) 1.15



Dat e
1788, July 22

1788, August 7

1844,
1847,

Apr il 20
April 16

June 30
Sept enber 28
July 14

1848,
1880,
1899,

1899,
1899,
1899,
1900,

Sept enber 4

Sept enber 10
Sept enber 10
Cctober 9

1902, January 1
reports(g)
1903, June 2

1938, Novenber 10
1946, April 1

TABLE 5

LI ST OF ALASKA EARTHQUAKES SI NCE 1788
OF ALASKA REG ON

WTH N THE GULF

LoN,w (b)
161.5 - 152.5(2)
163.0 - 160.5(b)
154.
160.5 - 156.5(?)
156.
156. 5
166.5 - 160.0
145.5 - 142(d.e)
142 + 3(09)
142 - 13g(d,e)
153(d,e)
165 + 9(9)
156(9) 4+ »
159 - 156 (k)
164.5 -0 162(k)

My
(9.0) (c)
g.o (€)

7.8
8.5

8.2
7.8

State

Partici pating Source
Reg ions

3

— b =

SHU 100% SEM 100%
PCK.1 100%

UNI 50%
ast °°%
45%

PCK.1

SHUWESt

SHlélsgst 50% SEMyest

SEM
SEM

SHU or
UNA )

YAK, 50%
YAK, ?
YAK, 50%
PCK.1 100%

SEM (UNI or

PCK.3 50%

YAK, 50%

UNA ?

(SEM and/ or PCK.1) (i)

SEM 100%
UNI 100%

Intensities drop
below VI1I to
east, no reports
to west.

No felt

Not shal |l ow, prob-
ably internedi ate
depth{(9); felt at

valdez (37 .




Dat e

1957, March 9

1958, Julyo
1964, March 27

and

1972, July 30

Foot not es:

(a) Defined for
93, and 99, 98,

Esti mat e

Limt of
That cher

— @D o O T
—_ T O — D — —

=yle)

R chter

Tarr

= X de
~
—~—

o~ o~ o o~ o~ o~ o~ o~ —~ —~ —~
~

() consensus of operators;
Wth respect

Gutenburg (1956),
(1958),
Only if shallow, which it
and Martin (1912).

Sykes (1971),
House (1981) ,

TABLE 5 (continued)

Participating Source

LON,w (b) M, State Reg ions
180 - 167 or 164.5 9.1 (3) (1) (UNA 100%)
140 - 137 8.2 1 FAI R
152 - 146.5 9.2 3 PCK.1,2,3
137 - 135 (7.8) 1 SIT

sources nor nal
103.

based on felt

to lines defined by the foll ow ng nodes: 74,

reports.

estimate by LDGO-group.
99- 98- 103.

Iy % VIIX; approximately the rupture zone.
and Plafker (1977).

to segnent

i nstrunent al
p. 714.

epi center, not based on felt reports.

probably is not. Suggest renoving from list.
aftershock area.

probably did not

rupture Unalaska zone,

recommend renova

75, 80, 85, 86,

Probably did not
rupture UNA

Consi der renovi ng
fromlist purposes
of conputing Pij

hi' for areal
soarces.

90, 95,

fromlist.




TABLE 6
DATA ON TRANSI TI ONS OF LARGE EARTHQUAKE MAGNI TUDES
FOR THE STUDY AREA

Magni t ude of Last Large Magni t ude of Follow ng Large
Eart hquake Eart hquake
7.8 - 8.29 7.8, 7.9, 8.2, 7.8, 9.2, 8.1
8.3 - 8.79 8.4, 8.3, 9.1, 8.4

8.8 - 9.29 8.2, 8.7



Magni tude of Last
Large Earthguake

TABLE 7

DATA ON HOLDI NG TI MES BETWEEN OCCURRENCES OF
LARGE EARTHQUAKES I N THE STUDY AREA

7.8 - 8.29
8.3 - 8.79
8.8 - 9.29

Magni tude of Follow ng
Large Earthquake

7.

8.3
8.

8 -

8.
8.
- 9.

29
79
29

.29
.79
.29

.29
.79
.29

Hol di ng Tine
(Years)

2,3,1,1
31
6

1,1
1
19

1,1



NI TIAL CONDI TIONS FOR THE SEISMOGENIC REG ONS OF THE GULF OF

TABLE 8

PARTI AL I NPUT FOR THE MARKOV PROGRAM

ALASKA

Range Range Magni t ude El apsed Ti e

Nane Cod e Longi t ude(W Dat e M, i (Years to 1 July 1981)
Unal aska* UNA 167.0-164.5 1957, March 9 9.1 3 24. 31

or 1902, January 1 (7.8) 1 79. 50*

or 1899, July 14 (7.8) 1 81. 96

or % 1845 (9.0) (3) %136. *
Uni mak* UN | 164.5-161.9 1946, April 1 (7.8) 1 35. 25
Shumagin SHU 161. 9-158.9 1903, June 2 8.3 2 78. 08

or 1899, July 14 (7.8) 1 81. 96*

or 1847, April 16 (8.5) (2) 134. 21*
Semidi S EM 158. 9- 155. 8 1938, Novenber 10 8.2 1 42. 64
Kodi ak PCK-1 155. 8-152.1 1964, WMarch 27 9.2 3 17.26
Cook I nl et PCK-2 152.1-150.1 1964, March 27 9.2 3 17.26
Prince WIIliam PCK-3 150. 1-146. 5 1964, March 27 9.2 3 17.26

Sound
Yakat aga YAG 144. 4-139. 8 1899, Septenber 4, 10 8.3 1 81.81
Yakutat YAT 139.8-136.0 % 1850 (8.0) 1 131
Fai r weat her FAI R 140 -147 1958, July 9 8.2 1 22.98
Sit ka* SIT 137 -135 1972, July 30 (7.8) 1 8.92

used in the initia

* These zones were not

sei sm c exposure application.




TABLE 9
EXPECTED NUMBER OF EVENTS FROM THE SEM - MARKOV MODEL
Total Expected

Expect ed Nunber of Events of G ven Magnitude Nunber of Events for the
E R_Pl G ven Source

Source |.D. M = 8.05 M, = 8.55 M, 9.05 E R
Shumagin Gap 0. 196 0. 084 0.024 0. 304
Sem di 0. 287 0.126 0. 032 0. 445
PCK Segment 1 0.10 0.035 0. 008 0.143
PCK Segnent 2 0.091 0. 022 0. 005 0.118
PCK Segnent 3 0. 084 0. 015 0. 004 0.103
Yakat aga Gap 0.14 0. 157 0. 058 0. 355
Yakut at Bl ock 0.014 0.018 0.003 0.035

Total nunber of expected events from all sources = 1.5



Woodward-Clyde Consultants

ERRATA
DEVELOPMENT AND | NI TI AL APPLI CATION OF SOFTWARE FOR SEI SM C EXPOSURE EVALUATI ON

VOLUME |I:  SEISM C EXPOSURE SOFTWARE APPLI CATI ON

In Figure Othe area of initial application of the software package is inaccurate.
Exact locations of the seismc sources are shown in Figures 2 and 3. The area
for which ground notion values were conputed is shown in Figures 10, 11 and 12.

p. s “Tables A=7 t hrough A-9” shoul d be “Table A-4"

p. 11  vvakutat Bl ock” should be "vakutat Gap”



1,500 years for the Yakutat Block and to be 80 to 133 years
for the Shumagin Gap. In both cases, the expected value of to
was used in the analysis. The result of varying to fromits
expected value may be examined in sensitivity analyses.

It should be noted that, since a discrete-state and discrete-
tine nodel is used, it is inportant only to know to which
interval of magnitude (or time) the last earthquake bel onged.

Changes in M (or to) that do not change the interval have no
effect on the results.

3.2.7 Comments on Assessment of Subjective Data

The SRU participants in the group assessnent meetings believed
that the subjectively assessed data could vary significantly,
dependi ng upon which experts were interviewed. The variations
in the assessed values of earthquake magnitude can be + 0.3
units, and those in the assessed holding times can vary by a
factor of 2 (i.e., multiplied or divided by 2). A reasonable
way to investigate such variation is through sensitivity

anal ysi s. It should be noted that, as the amount of objective
data (historical seismicity data) increases, the influence of
the subjective opinions on the final results decreases. Thus ,
the question of which expert judgment to use in the analysis
may not be inportant when such judgments are conmbined with a
significant amount of objective data.

3.3 Summary of Data Inputs

Seismic exposure inputs for the MARROV program as devel oped

during the SRU participant’s workshop, were checked and inple-
ment ed. The program was executed and the output was used as a
part of the input to the SEISM C EXPOSURE program Because of
geonetry considerations, the Shumagin Gap was subdivided into

14



three zones in the sem -Mirkov analysis. The output fromthe
SEI SM C. EXPOSURE program consi sted of probabilities of
occurrence of various nunbers of earthquakes occurring in
states 1, 2 or 3 for each of the defined zones of the
subduction zone bordering the Gulf of A aska. The input data
for the markov program and the program output is shown in
Tabl es B-1 through B-5 and Figure B-1 of Appendix B. Thi s
program out put was then used as a part of the input data to

t he SFI SM C. EXPOCSURE pr ogram

4.0 |INTIAL APPLI CATI ON RESULTS- - KEY FEATURES

The SEISMIC.EXPOSURE program generated probabilities of
exceedance for three paraneters: maxi mum hori zontal acceler-
ation, maxi mum horizontal velocity, and maxi num pseudo-
relative velocity at 0.8 second perioa, and danping of 5%

The | evel of exceedance probabilities were for the time period
1981 through 2221 and for the 33% | evel or the equivalent 100-
year return period val ues. These were selected at 96 grid
points in the Gulf of Al aska study area. These inputs were
used by the CONST.PROB and PLOT.ISO progranms in order to
obtain seismc exposure naps. These program i nputs and
outputs are summarized in Appendix B, and the seismc exposure
maps are discussed in the follow ng section.

Results of the seismc exposure analysis for all three maps
are presented in Figures 10 through 12 and show high-relief
areas in the areas of seismc gaps in the shumagin Islands,
Semidi, Yakataga and the Yakutat areas. These areas of
relatively high ground notion values are due to several
effects. These effects will be discussed after inportant
features of the seismc exposure nodeling are discussed bel ow

First, the source seismcity not only is described for earth-
quakes of Ms < 7.8, but also for |arge nagnitude earthquakes
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Fig. 10- Acceleration (cm/sec?)
Probability of Non-exceedence .667
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in seismc gaps along the subduction zone. The future
frequency of occurrence, probabilities ot occurrence, and
earthquake size (M > 7.8 and M_ < 9.05) have been estimated
based upon a semi-Markov sinmulation. This sinmulation has used
quantified judgnents of the SRU participants and avail abl e

hi storical seismicity data. Sinmul ation results generate fewer
eart hquakes of Ms > 7.8 than the OASES (1978) study.

Secondly, the SRU participants felt that, with the project
scope of work, the appropriate description of pertinent
faulting would involve few onshore faults. O fshore faults
and inportant geologic structural and seisnol ogical trends
shoul d be included along with the subduction zone and ranaom
sour ces. The areal extent of the subduction zone has

i ncreased for the Shumagin Gap and Semidi areas. The focal
depth, at 6 km for the shallow portion of the subduction zone
is 1/3 to 1/2 the depth for the previous OASES (1978)

results. Thirdly, the Sru participants regarded the typical
faul t-rupture/ magni tude relationships, based on world-w de
data, were not adequate for Gulf of Al aska subduction zone

t ect oni cs. The choi ce was nade to develop a new rel ationship
whi ch incorporates the concept of fault rupture related to the
down-dip wdth of the subduction zone segnents. Thi s

relationship has the feature that down-dip rupture w dths on
the subduction zone are limitea to about 200 km but rupture
wi dt hs could be as nmuch as four tines this w dth.

Fourthly, an attenuation relationship for maxi num horizonta
acceleration for stiff-soil sites was nodified to accommodate
a subduction zone at a closer distance as shallow as 6 km
Maxi mum magni t ude earthquakes on the subduction zone were
permtted to have nagnitudes as high as 9.05 + 0.25 M.
Hence, dispersion in the attenuation relationship aclose-in
di stances could cause artificially high accel eration val ues.
Consequently for earthquakes of Mg or M > 8.5, the
attenuation curve for acceleration was adjusted so that they

16



trend near the value for non-subduction zone sources at around
1 km di stance. Al though, the subduction source attenuation
curve is only valid for distances up to a 6-km cl osest

di stance of approach, the participants considered this
flattening of the attenuation curve for maxi num accel eration
to be consistent with the general observation of limting

maxi mum accel erations in the near-source region of a fault as
eart hquake magni tudes becone | arger. In the distance range to
6 to 20 km the selected attenuation relationship for Source
Type B doubles the ground notion values over the WCC (1978)
results for the subduction zone.

4.1 Earthquake Recurrence

Above magnitude 7.8 Ms, earthquake recurrence was determ ned
based on the semi~markov results. A conparison can be nade
bet ween the expected nunber of earthquakes to occur over the
next 40 years basea on the historical record, assumng a

Poi sson nodel, and the semi-Markov nodel .

Results of the sem -Markov nodel provide the margina

probability distribution, p, (r, ) of nunber of occurrences of
each magnitude included in the semi-Markov nodel . Using this
di stribution, the expected nunber of events of magnitude M
for a given source can be cal cul ated from

E[R, ] = "0 ‘R (fp.) Ip, (1)

The total expected number of events sunmmed over all nagnitudes
for a given source is then given by:

£

R = alT m B[Ry 1(2)
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Table 9 shows the val ues of E[gq:] and E [R] for each of the
sources that were analyzed using a sem -markov nodel . The sum
of total expected nunber of events over all sources is also in
this table. The total nunber of expectea earthquakes from all
sources is 1.50 over the next 40 years (1981 through 2221).

Using the historical data in Table 5, the average nunber of
eart hquakes over the next 40-year tine period can be

esti mat ed. There are 11 earthquakes over a 131-year tine
period or 12 earthquakes over a 193-year period if the 1788
earthquake is included. The expected nunmber of Ms > 7.8
eart hquakes over the next 40 years, on a historical record
basis, would then be 2.49 to 3.36 earthquakes.

If the recurrence relationships for the subduction sources
given in Figure A-3 are sinply extrapolated to maxi num
magni t ude val ues under a Poi sson assunption, then about 3. 53
eart hquakes woul d be expected on average over the next 40
years. Hence, the semi-Markov results show that about one-
hal f fewer |arge earthquakes woul d be expected to occur in the
study region than the Poisson or historical data would

i ndi cate.

5.0 APPL| CATI ONS orF NAPPI NG PARAMETERS

In the initial use of the SEISMIC.EXPOSURE software package to
anal yze the @ulf of Al aska, three nmapping parameters were

consi der ed. The seism c hazara evaluation ot the Gulf of

Al aska, using the new software package, can serve a variety of
potential users because of the progranis ability to use a

sel ection of various paraneters.

(1) Regulators: Paranmeters of interest to regulators should
be ones that allow an evaluation of the character of

ground notions and their Iikelihood of occurrence in the

18



proposed | ease areas in the Gulf of Al aska, and ones that
provide a basis for assessing the adequacy of proposed
design strategies neant to prevent the possibility of
serious adverse effects.

(2) Industry: Industry would be interested in using the
sei sm c exposure assessnent for both pre-lease and post-
| ease design strategies. In the pre-lease phase of the

work, industry would be able to assess the feasibility,
costs, and relative desirability of different nodes of
exploration and construction. In the post-lease phase,
i ndustry woul d be able to sel ect design parameters and
eval uate alternate design strategies.

(3) Researchers: The seisnic exposure assessment woul d
provide a valuable basis for identifying technical as
wel | as geographic areas which need additional work in
order to obtain a better characterization of seismicity
and ground- notion characteristics. Additional work
based on this information would provide a better basis
for the selection of design paraneters and for preparing
regul ations.

Summari zed below are the paraneters, including the four
presented here, that nmay be useful for these purposes.

Pre-Lease Deci sions

1. ldentification of Lease Areas Were Seism c Exposure
is Significant

The nost immediate application of the work will be the
identification of those |ease areas, or parts of |ease areas,
where earthquake effects are significant in the evaluation of

site suitability and the design of structures. The paraneters
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sel ected should provide adequate infornmation for such

eval uations; and the basic results, together with linmted
sensitivity studies, should provide the necessary pre-lease
information.  Typical ground-notion paraneters for such an
application are peak values, (e.g., acceleration, velocity,
di spl acenent), spectral val ues, and duration.

2. Seism c Zonation

Regul atory organi zations, such as USGS, BLM and NOAA, or
i ndustry organizations, such as API, could use the specific
seism c exposure map produced for the @ulf of Al aska as a

basis for establishing seismc zonation and design guidelines

for simlar seismc risk assessnents in the various | ease
ar eas. Most common paraneters for zonation are peak val ues.

3. Pre-Lease Seisnic Decisions

The seismc exposure values calculated will not be seismc
design criteria. However, they can be very useful for
gualitative cost estimates. In sone instances, the results
may serve to preclude the consideration of certain structura
configurations for use in a particular |ease area. |If
conbined wth an areal description of soil conditions and
properties, the results could be used to identify tracts
having potential foundation problems. Parameters useful for
this evaluation are the same as in (I).

Desi gn Strategi es

4, Site-Specific Studies and Sel ection of Design Paraneters

The results of the proposed work can be a logical starting
point for a site-specific study. Results will indicate the
general |evel of expected ground notions at the site.
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Al t hough paranmeters of interest may be the same as in (I),
additional evaluations are desirable. These eval uations
include: a) the identification of the dom nant sources, and
b) estimation of the relative contribution of various nmagni-
tudes and distances to seismc exposure at a given site. A
typical result may be: 70 percent of exposure at Site Ais
due to M= 6.7 to 7 earthquakes within distances of 30 to
50 km

5. Relative Costs of Seismc Safety

The results of the SEISMIC,EXPOSURE program can provide
exposure values for various return periods. These values can
provide an opportunity for the designer or regulator to assess
the inpact of additional conservatism on structure costs.
Paraneters nmost commonly used are peak values and spectra

val ues.

6. Reliability Analysis

The first elenent of a reliability analysis is a probabilistic
description of the environmental forces. Results of the
present project will provide this description for the
earthquake |oads. Parameters nost comnmonly used are peak

val ues.

Resear ch

7. Research and Regional Data-Gathering Programs

Sensitivity studies perforned to evaluate the influence of
various paranmeters on seismc exposure can provide the

seisnol ogic research units with an opportunity for targeting
research efforts in technical and geographic areas where they
wi |l be nmost productive. The exposure nodel consists of three
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elements: source characterization, transnission, and exposure

calculation. Al elements affect the calcul ated val ues, but
the relative inportance of the first two is not the same for

different lease areas. |n Lower Cook Inlet, for exanple, the

dom nant source is readily recognized to be the Benioff Zone
and the principal uncertainty is related to the attenuation

relationships. In contrast, the exposure calculation for the

northern Bering Sea |ease areas is dom nated by the “randont

or “unidentified” sources. Research in the latter areas
shoul d provide better information on specific earthquake
sour ces.

In summary, the paraneters for nmapping seismc exposure nay
i nclude the follow ng:

a) Peak Values: peak acceleration, peak velocity, peak
di spl acenent.

b) Spectral Values: spectral acceleration, velocity or
di spl acement for periods ranging from 0.1 second to 10
seconds and danping ranging from2 to 10 percent.

C) Dur ation.

Return periods for the parameters nmay range from 50 to 1,000
years. This new seism c exposure evaluation package has the
flexibility to provide these seismc exposure mapping
paranmeters for any tectonic environment and, in particular
subduction zone environnents of Al aska.
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APPENDI X A
I NPUTS FOR SEI SM C EXPOSURE EVALUATI ON

A.1.0 | NTRODUCTI ON

The purpose of this appendix is to present a conpilation of
various inputs used for the seismc exposure maps. These

i nputs consisted of earthquake source |ocation and geonetry,
eart hquake source di nensions, and earthquake source
recurrence.

A.2.0 LOCATION AND GEOVETRY OF EARTHQUAKE SOURCES

As described in Section 2.1 of Volunme |, earthquake sources
are planar in shape or are lines; sonme consist of a single
trapezoi dal surface, while others, such as a Benioff zone,
consist of multiple bands of trapezoidal surfaces. The

el ements of a source are defined by the coordinates of its
nodal points given as longitude (x), latitude (y), and aepth
bel ow surface (z in negative km. Figure 2 of Section 3
(Volume 11) shows the nodal points for the elenments of the
Beni of f zone. Figure 3 of Section 3 (Volune I1) shows the
ot her nodal points and earthquake sources in the Qulf of

Al aska. Table A1 is a list in serial order of the

coordi nates of the various nodes. In order to define any
source, it is necessary to |ocate the coordinates of its nodes
from Table A-1.

The inclination of the surface of asource represents an
average dip interpreted fromthe assessnents based on the
seism c and geol ogi ¢ data discussed in Section 3. For
conput ati onal purposes, horizontal sources are postul ated
(e.g., random sources) to have a nomnal elevation difference
of O. 5 km between the z coordinates at opposite edges. The
steeply dipping faults, such as the Denali, have been



TABLE A-1

NODE COORDI NATES

Node
| ndex Nunber Longi t ude Latitude Dept h
1 - 158. 27 54,72 -5.0
2 - 158. 27 55.12 -5.5
3 -156. 18 55. 67 -5.5
4 - 155. 83 55. 30 -5.0
5 -154. 32 56.12 -5.0
6 -154. 77 56. 42 -5.5
7 -152. 92 57. 40 -5.5
8 -149. 39 58. 39 -5.0
9 -149. 39 58. 39 -5.0
10 -149. 84 58.67 -5.5
11 -146. 10 60. 72 -5.5
12 -145. 98 60. 24 -5.0
13 -143.00 59. 26 -5.0
14 -142.99 59.74 -5.5
15 -140.70 60. 53 -5.5
16 -140. 25 60. 19 -5.0
17 -142. 000 61. 44 -5.5
18 -141. 14 61. 68 -5.5
19 -139. 44 60. 45 -5.0
20 -137. 44 58. 65 -5.5
21 -138. 97 59. 16 -5.0
22 -140. 58 60. 08 -5.0
23 -140. 13 60. 22 -5.5
24 -152. 89 55.90 -5.0
25 -153. 27 56. 26 -5.5
26 -151.72 57.02 -5.5
27 -151. 26 56. 68 -5.0
28 - 148. 65 58. 04 -5.0
29 -149. 26 58. 24 -5.5
30 -147. 88 59. 13 -5.5
31 -147. 30 58.91 -5.0
32 -146. 64 59. 15 -5.0
33 -147. 06 59. 52 -5.5
34 -145. 44 59. 82 -5.5
35 -145. 00 59. 47 -5.0
36 -163. 15 51. 80 -15.0
37 -163. 67 52.70 -15.5
38 -155. 18 54. 46 -15.5
39 -154. 47 53.55 -15.0
40 -145.92 57.28 -15.0
41 -147. 21 57.97 -15.5
42 -144.73 59. 38 -15.5
43 -142.55 59. 20 -15.0
44 -146. 80 62. 10 -5.0



Node
| ndex Nunber

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
12
13
74
75
16
77
78
79
80
81
82
83
84
85
86
87
88
89
90

TABLE A-1
(conti nued)

Longitude

- 151.
- 151.
- 146.
- 143.
-141.
- 138.
- 135.
-134.
-134.
- 139.
- 136.
- 135.
-132.
-161.
- 160.
- 156.
- 158.
-154.
- 149.
- 146.
147.
- 140.
- 143.
- 138.
- 144,
- 150.
- 130.
-132.
- 163.
- 164.
-161.
- 160.
- 160.
- 165.
-162.
- 158.
- 159.
- 156.
- 156.
- 153.
155.
- 152.
- 149.
- 147.
- 146.
- 150.

04
08
50
64
43
80
11
47
84
85
71
37
00
87
24
22
26
39
87
17
45
77
02
9

08
12
94
42
70
42
89
76
00
10
88
48
54
44
12
29
77
08
63
78
41
07

Latitude

61.
63.
63.
62.
61.
61.
58.
56.
55.
60.
58.
56.
52.
56.
54.
55.
56.
58.
58.
60.
62.
60.
59.
62.
63.
64.
53.
5l.
52.
53.
54.
93.
52.
54.
55.
55.
56.
54.
93.
95.
S7.
58.
S7.
S7.
58.
61.

34
20
60
97
58
11
99
60
58
30
10
11
15
08
68
66
98
98
64
67
66
50
70
25
92
36
96
87
82
80
38
46
85
67
18
70
40
20
96
35
03
81
04
22
90
63
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TABLE A-1
(conti nued)

Node
| ndex Nunber Longi t ude Latitude Dept h
91 -154. 07 59.12 -125.0
92 -151.70 62.70 -125.0
93 -146.52 62.62 -40.0
94 -148. 10 63.72 -125.00

95 -148. 20 62. 16 -40.0



TABLE A-2
NODES FOR SOURCES

Overlay 1
Nanme Nodes Used
Def ormed Zone 4, 3, 2, 1
5 6, 3, 4
8, 7, 6, 5
9, 10, 7, 8
12, 11, 10, 9
13, 14, 11, 12
16, 15, 14, 13
O fshore Faults
(03] ([) 27, 26, 25, 24
oS (i) 31, 30, 29, 28
CS (iitn) 35, 34, 33, 32
Tarr and Martin Zone 21, 20, 23, 22
Plafker Zone 19, 18, 17, 16
Castle Muntain Fault 44 through 45
Chatham Strait Fault 49 through 53
Denali Faults 46 through 49
Fai rweat her Faul t 54 through 57
Nor mal Faul ts 39, 38, 37, 36

40, 41, 38, 39
43, 42, 41, 40

Random Sour ce

- Segnent 1 60, 61, 58, 59

- Segnent 2 63, 62, 61, 60

- Segnent 3 111, 65, 62, 63
- Segnent 5 67, 66, 65, 64

- Segnent 6 66, 68, 69, 65

- Segment 7 72, 71, 68, 66

- Segnment 8 110, 70, 112, 62



TABLE A-2
(conti nued)

Nane Nodes Used

Prince WIIiam Sound-
Cook I nlet-Kodi ak

PCK Segnent 1 113, 86, 85, 84
PCK Segment 2 89, 90, 86, 88
PCK Segment 3 97, 93, 90, 89
Yakataga Gap 98, 101, 100, 99
103, 98, 100, 102
Semdi Gap 84, 85, 80, 83
Shumagi n Source 76, 75, 74, 73
Shumagin Gap 82, 80, 75, 77
Deep Benioff Zone
Segment 1 75, 79, 78, 74
Segment 2 80, 81, 79, 75
Segnent 3 86, 91, 104, 85
Segment 4 90, 92, 91, 86
Segnent 5 93, 94, 92, 90
Very Deep Benioff Zone 106, 107, 108, 105

(Illiamna)



characterized as |line sources and not planes since the
vertical integration step of 15 kmis conparable to the depth
distribution of earthquakes on a vertical crustal fault.

A.3.0 EARTHQUAKE SOURCE DIMENSIONS

I ndi vi dual earthquakes are associated with a rectangul ar
rupture surface. The size of the rupture surface depends upon
eart hquake nagnitude. The magni tude/ rupture-lengths used in
the anal yses are summarized in Section 3 (Volune 11), and are
presented in Table A-3.

A 4.0 EARTHQUAKE RECURRENCE

Qui del i nes developed by the SRU participants for establishing,
recurrence on earthquake sources are sumarized in Table A-4.
The N-M relationship and guidelines for each earthquake source
were used as a basis for generating the magnitude distribu-
tions shown in Table A-5. For each earthquake source, several
entries are given: t he nunber of years for which data are
avai l able (75 years); the mean nunber of occurrences wth
magni tude Mg > 5.05; the nunber of magnitude distributions in
magni tude increnents of O &5 to a maxi mum magni t ude. For
sources on the subduction zone that are part of seismc gaps,
recurrence inputs were not provided for magnitudes greater
than Mg 7.55 + 0.25. Above Ms 7.55 + 0.25 (7.8 Mg), inputs
are provided based on the output fromthe semi-Markov

nodel i ng. The semi-Markov inputs are aiscussed in detail in
Section 3 and are given in Tables 1-8 and B-1 to B-5

(Volume 2) for the initial application to the @ulf of Al aska.

A.5.0 ATTENUATI ON RELATI ONSHI PS

Attenuation relationships utilized in seismc exposure nmapping
are discussed in detail in Section 3. Attenuation paraneters
used in SEISMIC.EXPOSURE are listed in Table A-6.



TABLE A-3
RUPTURE LENGTHS USED AS | NPUT TO SEI SM C. EXPOSURE

Hori zont al

Eart hquake Rupture Down- Dip

Magni t ude Length (km Rupture Length (km
5.05 2.7 2.7
5.55 4.7 4.7
6. 05 8.4 8.4
6.55 15.0 15.0
7.05 27.0 27.0
7.55 47.0 47.0
8. 05 90.0 50.0
8.55 180.0 70.0
9.05 225.0 80.0



Sour ce

Castl e Muntain Fault

Chatham Strait

Denali Fault

Fai rweat her Fault

Nor mal Faul ts

TABLE A-4

SRU EARTHQUAKE RECURRENCE GUI DELI NES FOR | NPUTS

Maximum Magnitude

7.5 M5

7.5 Ms

8.3 M

8.3 M

8.0 M

Recurrence Information

One earthquake every 1,200 years; the slip
rate is 1/5 times the slip rate for the
Denali. (For consistency, the activity
rate was taken as 1/5 that of the Denali
fault.) (see Figure A-1).

1/16 of the Fairweather rate of
recurrence (see Figure A-1).

Slip rate is five tinmes the slip rate for
the Castle Muntain fault; slip rate is50
times that for the Fairweather; 1/8 of the
activity of the Fairweather fault
(activity level chosen to reflect one

Mg 7.5 earthquake every 125 years on the
Denali fault) (see Figure A-l).

1 earthquake of Ms 8.0 every 80 years on
average; b = 0.75 (see Figure A-1).

Sameas the Al eutians OS-3 source (see
Figure A-2).



Sour ce

Pri nce willam Sound-
Cook Inlet-Kodiak
(PCK Segnents 1, 2, 3)

Y akataga Gap

Sem di

Y akutat Block

Shumagin Gap

TABLE A-4

(continued)

Maximum Magnitude

8.9 M,

8.9 M,

8.9 M,

8.9 M,

8.9

Recurrence Information

Use the Benioft zone shallow BZ-2-1 f or
M < 7.8 (see Figure A-3).

Use the Beniotf zone shallow BZ-2~1
recurrence curve torm <7.8 (see
Figure a-3).

Usethe Benioff zone shallow Bz-2-1
recurrence curve tor < 7.8 (see
Figure A-3).

For wm<7.8 5, tive tines recurrence of
Yakataga Gap (Note: Changed to 2 tines
Yakataga Gap).

Use Bz-2-1 recurrence curve (5.0< M <
7.8) (see Figure A-3).



TABLE A-4
(conti nued)

Sour ce Maximum_Magnitude Recurrence_] nfornation
Iliamna Zone 7.8 Mg Four tines the activity of Bz-2-3, with
0.003/(1()3km2/yr) tor M > 6 (see
Figure A-4).
Random Sour ces 7.0 Mg One earthquake of MS > 7.0 every 200 years
(seyments 1 through 6, and 8) in the entire zone, or 0.00005 events

(103km? X yr) (see rigure A-5).

Deep Benioff Zone 7.5 Mg (see Figure A-6).

pPlafker Zone 7.0 mg Use the penali recurrence curve for
M, < 7.0 (see rigure A-T7).

Tarr and Martin Zone 8.0 M, (see rigure A-8).

of fshore Faults and 7.1 m™ (see Figure A-9).

Def or ned Zone



Semdi Gap

TABLE A-5

SOURCE MAGNI TUDE DI STRI BUTI ON

33.512 13.311 5.324 2.075

7.05 7.55

olele]

m P O O0O0O0O0O0OO0O

O 00000 O0O

.44
. 081
. 101

139

. 179
. 128
111

. 131

. 174

. 087
. 078
. 067

. 049
. 081
. 096
. 048
. 082
. 201
. 123

.514 0. 046

(Al values are for a time data base of 75 years,
sem - Markov data not included)
Nunber of Earthquakes
Sour ce 5. 05 5.55 6. 05 6. 95
Def ormed Zone
Segnent 1 2.592 1.064 0.436 0.169
Segnent 2 1.836 0.754 0.309 0.119
Segnment 3 2.304 0.946 0.387 0.150
Segnent 4 3.168 1.300 0.533 0.206
Segnent 5 4.068 1.670 0.684 0.264
Segnent 6 2.916 1.197 0.490 0.190
Segment 7 2.52 1.034 0.424 0.164
Plafker Zone 2.988 1.226 0.502 0.194
Tarr and Martin
Speci al Zone 79.56 25.398 7.994 2.536
0s
Segnent 1 3.341 1.361 0.549 0.216
Segnent 2 2.977 1.213 0.489 0.192
Segnent 3 2.551 1.040 0.419 0.165
Normal Faults
Segnent 1 2.373 1.178 1.16
Segnent 2 2.592 1.286 1.287
Segnent 3 0.982 0.478 0.480
Random Sour ces
Segment 1 48.104 11.861 1.423 0.258
Segment 2 80.396 19.822 2.378 0.431
Segment 3 95. 356 23.51 2.821 0.512
Segment 5 47.247 11.649 1.398 0.254
Segment 6 81.58 20.114 2.413 0.438
Segnent 7 199. 214 49.116 5.893 1.069
Segnment 8 121.401 29.932 3.591 0.651
Shumagi n  Sour ce 13.739 5.457 2.183 0.851
Shumagi n Gap 34.09 3.431 5.416 2.111

.274 0.114
. 253 0.112



Sour ce

PCK Gap
Segnment 1
Segment 2
Segnment 3

Yakataga Gap

Yakutat Gap

Deep Benioff Zone
Segmnent
Segnent
Segmnent
Segnent
Segmnent
Segnent

OOUIRWNE

Iliamma Zone

Castl e Muntain
Faul t

Denali Faul t

Chatham Strait
Faul t

Fai rweat her Fault

TABLE A-5
(conti nued)

5.05

49.
48.
45.
15.

120.

241
664
967
986

726

. 602
. 801
. 303
. 328
. 213
. 231

474

. 374

21. 87

10. 94

174. 98

Di stribution of Mgnitudes

OOUIAUTW

5.5§J 6. 05 6. 55 7.05 7.5b
19.559 7.823 3.049 1.841 o0.165
19.329 7.732 3.013 1.819 o0.163
18.258 7.303 2.846 1.718 0.154
6.35 2.54 0.99 0.598 0.053
48.807 19.523 7.847 4.594 0.411
.668 1.956 1.076 1.339 0.018
.445 2.904 1.597 1.988 0.027
.613 2.460 1.353 1.988 0.027
738 3.06 1.683 2.095 0.029
.563 5.1 2.805 3.492 0.048
. 795 3.624 1.993 2.481 0.034
6. 93 3.696 2.033 2.531 0.035
1.814 0.812 0.314 0.156 0.03
9.07 4. 06 1.57 0.778 0.253 0.15
4.53 2.03 0.783 0.389 0.013
6.225 2.025 1.2

72.53 32.48 12.53



TABLE A-6

ATTENUATI ON PARAMETERS USED IN | NPUT TO SEI SM C. EXPOSURE

Par anet er Bl B2 B3 B4 ln(sig)
-Acceleration (1) 190.67 0.823 0.0 1.561 0.568
(cm/sec?) (2)  210. 0.50 0.0 0. 85 0. 606
Vel ocity (1) 0.836 1.22 0.0 1.43 0. 652
(cm/sec (2) 5.33 0.72 0.0 1.05 0. 666
Psv
(0.8 sec 5% (1) 0.317 1.52 0.0 1.57 0.877
(2) 5.26 0.781 0.0 1.05 0.821

for PSV attenuation (1) when M % 6.5,
Bl = 6.13 and B2 = 1.06

Note: Attenuation 1 is used for depths less than 6.0 km
Attenuation 2 is used for greater depths.

mag
max

0.0
0.0

0.0
0.0

6.5
0.0
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A. 6. O PROGRAM QUTPUT

Input to the program consists of the geonetry in Tables A-1
and A-2, seismcity in Table A-5, rupture lengths in Table
A-3, and attenuation in Table A-6. These were conbined with
the output from program MARKOV (discussed in Appendix B).
Partial SEISM C. EXPOSURE output is shown in Figure A-10.

A-3
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Flg A-10 - SEISMIC EXPOSURE, Gulf of Alaska,
Output for a Single Site (continued).

Py cy -Jut.lnu 63.7.0 -1 ¢%.000 69,6171 1229.2%0
LAY 9, ~148,200 b?. 1oy -%0.0uUn e, LS T 1058.378
Yo 9 -lu4 . gy tv.l L -6+ UUL 1IL9. 480 T66.878
91 91 143,350 S, el B TN 1185.279 B22.0L2
vy o8 -119.360 59,800 ~1%.0U0 13ve.938 871.8c0
99 99 -146,.%20 52.6.0 -40.000 98%.147 1115.099
100 1di] -145.300 61 .580 -1%.,000 1058. 107 1008.182
101 el ~14p.9E0 61.210 - 400,000 1287.25% 998.6%5
102 1n2 ~142.810 «9. 300 -1..000 1217.890 TI8.312
1% tny -§3e.000 57.L00 -12.000 148,227 607,220
104 1INy ~157.040 S7.b6U -12%.000 42%. 162 S68.8.8
1% ns ~152.350 59,570 -1%.000 694. 165 T68.859
106 ine ~153.91%0 60.2v0 -1%.000 116,694 on7.173
1111 it -153,.680 60,540 -160.000 622.632 869,717
[(RE] (R -154.0%0 59.790 -160.000 60). 707 792.9*3
[UE) 19 -181.450 2600 -4.000 298,112 1315.599
113 110 -i%4 IO b8 . 020 -%eSULl JUB3.8%8 1279.9%¢6
1t 111 ~1%6.330 60 .500 -%.000 1025%.4851 893,363
1z 112 ~153.800 62.780 -6.000 638,993 1110.ISR
1 13 -188.860 $T.%10 -/0.000 922.053 556 .54
tLiMEnI< DESCRIPTION 37 ELEMENDS)
INLE N 1 J [} [§ RENUMBERLD 1 4 R L
1 L] 3 2 ] “ 3 2 1
2 S [ ] . 5 b 3 L}
3 8 7 b S [} 7 b s
a 9 1c 1 9 9 10 7 8
4 12 1 in ¢ 12 1) 10 9
[N 13 | 11 32 13 14 | R b2
r 16 1Y 1% | K] 16 1% | 13
M 19 I'b 17 16 19 18 17 16
v e | 24 23 22 21 20 23 22
10 27 rd) 25 24 21 b 25 PL
11 31 i 19 29 ra.] 31 3 29 28
| BN 3% 3y 13 32 3 In 33 32
13 39 3¢ 3 3 39 in 37 b 1
s “g ul 1] 19 L1} .} 11 19
[ 3 LN 4l L] .3 .2 LY} (]
16 60 61 58 59 60 61 58 59
17 (3] b. ) 60 63 62 ol 60
e 1l 65 62 'R ] (R0 ] (%] 62 [ )
| R (3] (Y% &5 (1] 67 bb (33 Y]
20 b 6t 69 5 60 [ 69 %3
21 12 11 68 (1) 12 1 68 (Y
J2 110 T 112 [ Y4 110 [V B ¥4 62
23 16 T T4 73 16 14 Ty 13
24 2 et 1% 77 b2 80 15 11
z sy ne B 83 be 85 L14] 83
Ju 113 (.13 s (L] 1313 86 buS L}
21 L1 9. (13 a8 89 90 a6 88
2- 97 9! LY [ 1) o7 93 0 (1]
2 98 101 9y iro %8 Jai v9 100
' 103 91  juu 102 103 98 LD U2
31 1% Ty 78 T4 LS 19 18 T4
4 (1o Al L) 1% 1] 81l 19 1S
13 HY in.J b1 (] 6% 10w 7] au
14 e LA Y hS bo L B T 8%
Yo wi) v, 93 Fb Yu L4 vl bbb
fu .3 oy v 9 93 94 w2 LA

Yoot nT 108 4rs e 0T 1Ls 1us



Fig. A-10 -SEISMIC EXPOSURE, Gulf of Alaska.
Output for a Single Site (continued).

Ay A Soutt

DEF YoMt JUNE . FLFENT |

NITHHES CF BANDS ¢ | HOUNERE Y (ORE 1 1] J u LLLMENTS: | ThRu
NUMHBEL OF EL EHENTS In LACH BANL ST140 1] NG WITH DLEPLES T ONE 1
VIREGATABASE . . .. ... 15.00L
NOOf OCC . . .o “. 3L
NO OF POISSONMAG, . . . . . . . .. Y
Sun of POYISSUN (I (r. . . . . .. .. e J15
DISTIRIGUTION of MAG .
‘04N $.550 b.0%0 b.5%0 T.0%0
Sebv2 1.7 LRI + by AL}

THE gg 1S NO SERI-WARKOV INPUL FUF THIS SLURCE

AW A SOURCL ?

DEFORMLD 20NE STGHEINT

NUMILF OF DLANDS: 1 BUUNDAR v CUND: 1 0 u 0 LLEMENTS: 2 TwRy
NUWBLE O ELLMENTS IN EACH BANL & TARTIN G WlTe OLEPEST ONL |
VTINELATALASE . . . . ’S-00uL
NPOFOECC . . . . ... .09
NO Of POISSONMAG, . . . . . . . . . C
SUM or POISSONOCC. . . . . . . .. 3.09¢%
DISTHILUTION OF MAG.
«,050 54550 6.0%0 6,550 7.050
1.836 o754 .309 -39 .us}

THLHL IS N O SEMT-MARROV INPUT FOR THIS SOURCE

Al (& SouRCL

UEF On ML 2ONE LE GHENT 3

NUFALE Or BANDY: 1 AUU NDARY (OND: 1 u u u ELErENTS: 3 ThRU
WUMBL K Or LLEMINTS INCACHOAND STARTING MITHOEEPEST O N L 1
thvppeatapasy ... 1%.00L
NO Of v€C.. ... J.A8L
NG Of POISSONYAG., . . . . . . . .. 5
SUMpfF POTSSNOCC. . . . . . 3.P8Bb
CIST-UTICN Of MG,
S .05%0 Ye55%0 te.N%0 6.550 7.0%0
Te30u LY L3P0 <150 .131

THLE IS NU SEFT-MA RKOV INPUT FOR THILY SOURCE

Al , ASLURGL q

OEFD 1 O ZONL FCHENT

NUFHOY PF BANL D D Y0 UNPDARY (OAD: ] 0 u u ELEMENTS: 4 THRU
KeMIbE CF bty M KTS IN LACH RAND STARTING wITH DL LPLST ONL 1
bisftavagasf . . ... th.L0L
NG O CC. . t.ine
NOQFEPRIOSINPMALe L L 5
SUMUbFgILsNDC. . L L L L L SelutL
Ulstvliullen ol pa L
LN EIN A el t.Hby 1.L%0
e 1. be VUL PRI 1 <UL «1139

Tip ot L NC _EPT-BARKOV ENPUT FOR THEY SUUNCHE

3
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Fig. A-10 - SEISMIC EXPOSURE, Gulf of Alaska.
Output for a Single Site (continued).

ARG A sourCl ©°

1AN R AN D HARITIN SPL ClAL ZONE

u ELEMENTS:
1

1.0%0

N Mg R OF banht: ) ROUNDAF Y COND: 1 [ u
NUHBLP OF fLE MENTS | N EACH BAND STARTL NG WITH OLEPLST ONE
TIRECATABASE . . . . ... .. ... 15.000
NO of OCC . .. . . ... ... ... ... 1)b.602
NO OF POISSONMAC, . . .
SUMOFPOLSSON OC. . . . . . . .. 115.b64
DESYRIEUT] on OF MAG.
$,0%0 Le850 6. 050 6,950
19.560 25.398 1.994 2.538

THERE 1S N o SEMT-M aquov INPUY FOR THIS SOURCE

o174

u o Bl gmenes:
1

7.0%0

Ak ( A SO URCL 0
0s -1 1
AUHB £ r OF BAND: BOUNCAR v COND: 1 ] u
NUMD (F O f EL EMENTS [N EACH BAND STARTING MITH LLEPLST ONL
Tirt Y agast. . ... ... . ... 1%.000
N0 Or OCC .. Sa%54
NO Of POLSSOMMAG. . . . . . . . . . s
Sum Of POISSONOCC. . . . . . . .. S5¢554
DISTRIBUTION Of MAG.
¢ .050 5.550 6.050 ba.55U
T.3M1 1.3¢01 <549 o216

THERE IS NO SFRI~MARROV INPUT FOR THIS SOURCE

AH, A SOURCE 11

0s - 1 [(RR R

087

0 ELEMLMTS:

1.0%0

NUPHER OF BANDSY ) BOUNDAR v COND: | u o
NUMEER OF EL LHENTS TN L ACH BAND STAKTING WIT H D LEPLST ONL
YINMFDATABASE . . . . . ... .. . .. 75,000
NO OF oCC ... ... .. .. ... ..... 4.94b
NO OF POISSONMAG, . . . ... ... bl
SUM OF POESSONOCC, . . . . . . .. o .9**
DISTRILUTIONM Of MAG.
5.050 5.550 & .050 645U
2.917 1.2)38 489 .192

THERL 1S N O SEF]I-MARNOV INPUY FOR THIS SO URCE

AR R SOURCEL 1?
0“ - 1 t1t1
NurBEh Of BAnDS: | AOUNDARY LON D: 1 u [o}
NUFRED OF ELIMENTS N EACH BAND STARTING wilh DLEPEST
TIHELATAGBAST . . . . . . ... .. 15. 000
NOOFOCC . N.28])
NOOFEOESSONPAL . . . . . 5
LM O POISSONOCC,. . . 0 . .. Y.l
DISTRIGUTION of MAG.
fLnsn Lagh0 t.NsQ 6.%50
EERY | | IMLT LY <165

T ke 1 Ao SFrT-PARRD ISNPUL TOK THIS SUURLL

078

u
O N L

T.0%0
Ut ?

EL EMLNTS:

9

10

12

1HRY 9

THRU 10

THRU 11

THRU 12
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Fig. A-10 - SEISMIC EXPOSURE, Gulf of Alaska.
Output for a Single Site (continued).

At A SOURCL | 1

AN YOM SOUKC ¢ EGHENT

NURHLR Oof PANDL: 1 HOUNOARY (OND: 0 7] u u ELEMLN 1S: 17 THRU M7
MURBER OF LLEMUENTS IN LACH BAND STARTING WITH OLEPLST ONE
LINfOatApASE . . . . . ... .. ... 1%.060
NO Oor UCC . .. [ 10 J. I
NO OF POISSONMAG. . . . ... ... s
SUK OFPOLISSONOCC. . . . . . . .. 103. 100
0ISIRI. Il 110N OFf MAG.
‘«05%C 5.550 t .050 6550 71.0%0
Kl ,396 19.822 2.318 43} .091

THEER € 1S NO SEPMT-PAR wOv INPUT FOR | H IS SOUR cg

ANLA  SCURCE 1R

F ANDO® SQUKCL ST GWMENT )

NUMBE P Of BANDS : 1 80 UNDARY COND: ) 0 CLEMENTS:
numBtl Of ELIME TS | N LaCH BAND ST ARTING ulm nu.Pt ST ONE
TIMEDATABASE . . . . . . . . ... .. 75.000
NOD Of 3CC . .. .. .. ... ... ..., 122.295
NO OF POISSON Mmé&. . ... .. ... s
SuUM of POESSONOCC. . . . . . . .. 32.295%
LISTRIRUT]I ON Of MAG.
t.0%0 $.550 6.050 6.550 ?.050
*.3%6 23.510 2.821 512 .096

THERE §S N O SEMI-MARKOV INPUT FOR THIS SOUR C[

AR(A SC uRCE 19

QAKDOM SOUHCE SFGHENT S

NUHREF CF bAnDY : 3 ROUNDARY COMD: o 0 u [} EL EmMgNTS:
NURSER Of ELCMINTS IN LACH BAND STARTING WIT W DEEPE ST ONE ]
TIMEOATABASE . . . . . . . ... ... 15.000
NO Of O€C ... .. ... 60.59%
NO OF POJSSONFPAC. . . . . . . . .. 5
SUMOFPOISSONOCC. . . . . . . . . 60.59%
LISTRIBUTION Of RAG.
c.057 5.650 64050 6.5%0 7.050
“1.297 11,689 1.598 254 .048
IHERE 1S NU SEFT-MARROV INPUY FOR TH IS SOURCE
AW A SOURCE 0
¢ A DOM SOURCE SEGMENT o
NUMBLL oF 8 ANDL: ) 80 UNDARY COAD: ¢} 0 0 1 CLEMENTS:
NUSART O f HLEMENTS IN LACH BAND STARTING M1 TH DEEPIST ONL |
NI RNYY B S 15.00L
NOOFLOC . . . lehae2?
Nt of POISSONIAGS . . . . . . . .. 5
sunufFPIJtLOM OCC. . . ... L. L.t 2?
LISTRI. utluiN OF magG,
coir b, Se5%0 6.0%0 beSSU 7.050
slaban ZUal1% b1} RCEY ) -Ud?

THy YE IS NO 5 FrI-MaknOv INPUL FOR THIY SOURCE

18 1HRU 18

19 THRU 19

20 THRYU 20



Fig. A-10 - SEISMICEXPOSURE, Gulf of Alaska.
Output for a Single Site (continued).

ARL AN SO uyRCE . 1

LANDO P SOUKCL LF GMENT |

AUMALER of HANDSL D) ROUNDARY COMD : u u u u CLEMENTIS: 21 THRU 21
NUHOLKH Of tL tMENTS IN CACH BAND STARTING W11 v DEEPEST ONE ]
TINIDAYABAST . . . . . . ... %. 060
weof OCC . . . . ... 255,094
NO of POLISSONMAL . . . . . %, 4
Suh of POlsSuNOCC, . . . . ... 25%.89)%
DISTRILUVTION Of PAG.
%050 5.%4%0 & .050 e..ssu 71.05%0
199.21 “9.116 5.89% .06.9 .201

THLREL 1% NO SEMI-MARKOV INPUY FOR THIS SOURC[

HANDOM SOURCLS SEGMENTY 8

NUMBER Of BANDY: 1 BOUNUAR ¥ COMND : 1 o u 0 CLE WL NIS: 22 THRU 22
NUMBEF O f ELLEME NTS [N EACH BAND STARVING yitw OLEPLST gng 1
TIntDaTABASE . . . . . . ... . ... 15.000
NOof orc . ................. 155.696
NO Of POTLSONMAG. . . . . . . . .. 5
SUM Of POISSONOCC. . . . . . . .. 1'5.698
UDISTRIBUTION Or MAG.
%.04%0 5.%%0 6.050 6.550 1.050
| IR RY 1A | 29.952 3.59) -651 «323

THERE 1S N O SFMI-HARMOV InPUT FOR THIS SUURCE

ARIA  SULURCE 2%

SHUMAGIN SOUKCH

KUMSEE o f BANDL: ) BOUNDARY COND: } 1 0 0 ELEMLNTS: 23 THRU

NUMBe R O f ELEMENTS In CACH BAND STARTING WETH DEEPEST ONL ]

PINCDOATABASE . . . . . . .. ... .. 75.(°00

No Of OCC . ... ... ... ... ... ... ... 22.78%

NCOFPOISSONMAG. . . . . . . L 6

sum OF POISSON oOf(C. . . 22.7%0

DISTRILUIIGN Of HAG.
¢ .050 5.54%C 6.050 LAYV 7.050 ?.550
11.739 S5.45%7 2.188 851 =514 =086

THERC 1S N O SFMI-MARKOV INPUT FOR THIY SOURCE

AN, A SUURCE Lu

SHE YAGIN SEG

MUMBEDR OF BANDS @ BOUNDARY COND: 1 o ELEMENTS: 28 THRU

NUMBch O f ELLMENTS IN EACH BAND STARTING unn ouPulout 1

TIrCOATABASE . . . . . . . ... ... 1%. DOV

NC Or OCC ... LeaSuy

NO Of POLSSONMAG. . . ... .... 6

SyM Of POISSONOCC. . . . . . . . . “b.430

DISTRI. UTIUN OF MaG.
c.040 5.9%0 6,050 6.550 7.0%0 1.5%0
34,090 3,430 5.%it. Selld l.21a -11s

THL REYT 3 “ACHTTUDES ARE SERI-HARKOV. JInPLT 1S READ FROW OUNIT )7
FlLtu INFONMATION -

23

24



Fig. A-10 - SEISMIC EXPOSURE, Gulf of Alaska.
Output for a Single Site (continued).

Powey eeS HLMAGINSEL

NUPRLTOF M ALNITUDES | . 3

MAGLNIT ORCINCFEMENT . «ST UL

FIkSES-spaLN)TLODE . . . . . . . . R.USCL

PERIODOFINIFNFST . . . . . . .. 4L.00

NUMBER OF £ AR THOQUARES
DISCREVE MAG NTTUDE 0 1 2 J . 5 b 1
U R -

£.0%0 «P788S8S LOT199%0 0311855 0121350 LuDulABE  .0012%538 .uLOYE23  .0000%9S
A.550 9318633 0547676 .0}ILB29  ,pU194B? 0002957 .QUJU3IBOD .DLODOO -0000003
9.050 «97586066 0240347 .CUOB0986 .LO0ULDO2

ARLA  SOURCE 2%

“EHTIDY

NUMBLN OF LARDL:] R OUNDARY COND: 1 1 | 1 ELEMEN o) 56 pupu 26

NUMB LR Of ELEMENTS IN EACH BAND STARTING Wit OEC PES T ONE 1

JIKEOAYABASE . . . . .. . ... ... 15. 006

NO OF OCC . .. .. ............. 55,588

NO OF POISSON MAG,. . ........ b

SUn OF POISSONOCC. . . . . . . . . £5.587

DISTRIGUIILNOF HAL.
f 050 S.550 6.0%0 64550 7.050 1.550
33.%12 13,301 S.328 2.015 1.25%3 11.?

THE NEXT 3 MAGNIT UDE 5 ARE SE MI-MAR XOV. INPUT 15 READ FROM uNll 37
FILEY INFO HP AILON -

FOREY . ... se SEFIDL

NUHBER Of MAGNITUDES . . . . . . . 3

HAULNIT UDE INCRE™ENT . . . . . . . .5000

FIRSTS-MNAGNITUDE . . . . . . . . 0.05011

PERIUD OF INIEREST . . .. ... .. «0.00

NUHBER OF CARTHQUAKLS

GISCREFE MAGNT T UDE o ] 2 3 . 5 b 1
8.0%0 8228836 «10512;8 .04% 0769 .017 1876 0061375 .00i8362 +0LONST? 0000875
Re5%0 0966504 0840819 ,0161281 .002 6962 0003903 .0OUUYAD .0000D&8 .00D000
9.050 «9671982% .031897¢ .0001 298 .0000002

Akt A SCURCE 26

PCx SEL 1

NUMBE R OF BANDS: 1 BOUNDARY COND: ) 1 1 o ELEMENTS: 2 6 TwRAU 26

NUMBL R OF ELLMENT S IN EACH RANL STARTING WIT H DL EPEST o N L 1

TIMC pavaABASE . . . .. ... 75.00L

NO of UEC . . .. ... t1.61

No of POISSONMAG, . . . . . . . .. b

SUMOF POISSONOCC. . . . . . . . . Bl.6lb

DISIRILWUTION OF WAL,
% .050 5.550 6.050 6.550 7.0%0 T.5%0
49,241 19,549 T.821% 3.049 1.84) «16%

THE WEsT 3 “aGKITUDES ARE SEMI-MARNOV. INPUT IS RLAD FROM UNIT [
$1LED INFORMATION -

IOMEY . . . eo FCUSEG |
NUMBLP OF maONITUDLS . . . . . . . 3
MAGNTIYLDF pcREMENT . . . . . «S000
FIKSTS-HMBLNITUOL . . . . . ... s.0%0L
vEodoD OF INTERFST . ... .. ... % .00

NLMBER OF EARIHOQUARES

-L00O0GY

.000U102



Fig. A-10 - SEISMIC EXPOSURE, Gulf of Alaska.
Output for a Single Site (continued).

Cl1LCARE If MAGKRITUDE 0 ] 2 3 4 5
A.04N 93199054 «035672% 0158150 0063059 .0022332 «DuybB 12
R.550 .910%261 ~0Z248¥Y?9 .00393)37 .000%07 .O00OT7I0 .OuLOLOTS
2.050 L 9922802 LLLTTM08  LOUODOD N

ARLA SOURCE 27

’

PCn SEC 2

NUMBLE DOF BANDY: 1 BOUNDARY COND: 1 1 1 1 (LD ME WTS: 27 THRU 27

NUMBER OF ELEMLNIS IN [ A C M BAND STARVTING WiTH DLEPLS Y ONL 1

LIMECAVABASE . . ... . ... .. .. 15,000

NO OF OCC .. ... ... 80.71%

NO Of POTSSONPAC, . . . . . . . .. 6

SuM OF POISSON OCC. . . . . . . . . 0.720

OIS?RIEUI1ION OFMAG.
5.050 5.55%0 ©eD50 6.550 1.050 1.55%0
YY) 19.329 1.732 3.018 1.839 163

THE NExT 3 MAGKTITUDLS ARE SENI-MARNOV. ENPUT ]S READ FROM unlt 17
FILLD INFORMATION

bkey o PLUSEG 2

NUMB(CR OF mAGNITUDLS . . . . . . 3

MALNLTUDE ENCREMENT . . . . . . . .5000

FIRSTIS-muaGNITUOL . . . . . . .. 6.0500

PERIOD OF INVERESTY . . . . . . . . 40.00

NUMBER Of EARTHOUAKES

DI<CRETE MAGHNITUDL o 1 'y 3 4 5
.00 +983a1a8 0338430 .0M4502% .0095861 0019120 ,.00u5694
f.55%0 «981406065 0157449 ,002409% .D003332 .O00US 10 .OLOGONS
°.0%0 «9987117 .0052767 0000116

ARL A SOUKCE <P

PCh SELNENTY 3

NUMBLP Of BANDS: 1 BOUNDARY COND: 1 [} 1 ] ELEMLNTS: 28 THRU 28
NUMSEH OF LLEMLNTS IN EACH BANO STARTIAG WITH BEEPEST ONL 1
TIRELATABASE . . . 15.C00
MO Of OCC . . . . . .. Te.2417
NO or POISSONMRCL, . . . . . . . .. [
SUMGF POISSONOCC. . . . . . . . . 16,280
VISTRINUTION Of MAG.

“.o50 %550 6.0%0 6.5%U 1.050 7.550

45,967 18.258 1.3%0) 2.8406 1.718 o154
L NFXT 3 MAGATTUDES A RE SEMI-MARKOV. INPUT 1S RLAD FROM UNLT LT
TILED INFOR®AYION -
10 REY . ... «oPCRSEGMENT
NUMBLR Or MALNITUDLS . . . . . .. 3
HAGNITUDL INCREMENT . . . . . . .5000
FIRSIS-mMAGNITUDE . . . . . . .. 6.0%00
PERIOD OF ENTEREST . . . . . . . “0.00

NUMBER Of EARVHQUANKLS

Ul.CRETE MaAGN] TUTE o 1 2 3 4 5

e 050 «FULTHBL  NI24b18 L0134 b%9  LLOS020¢ 0016688  .OUUB29

1.55n «9873218  .0106219 0016107  ,L0002167 .QUO0260 .0VOULODZ?

?.0%0 «996179) .0038) 3% .00LOUUTS

+UU0) T68
+uLoooo?

+0001420
«-0L0000S

«NuUD11T3
-0L0U002

.0000350

-000027s

7

.0000721

«U000043

.LOD0O033

-00000206



Fig. A-10 - SEISMIC EXPOSURE, Gulf of Alaska.
Output for a Single Site (continued).

AMLA SL DRCL . 9

YAAAT & L& GAP

NUSBER OF BAND® ) PUUNUARY CONE: 1 1 | i ELeMEN T5: 29 THRLU 7Y

NUMBER O f ELLL MENTS In LACH BAND ST ARTI NG WITH DEE PEST OML 1

PIMLEATABASE . . . .. .. 15.000L

NOD OF OCC ... ... LRy 2%+516

NO OFPOISSONFAL . . . b

SUM OF POISSONOIC., . . . . . . .. 26.5%11

GISYRIE UTY ON OF PAG.
"«0%0 9.65%0 64050 beS5U ?.0%0 7.550
15.986 b. 350 2.540 990 598 053

THL NEXT 3 MAGATTUDES ARE SEME-MARKOV. INPUT IS READ FROM uUNIT 37
FILEL INFOHPVATINN -

INKLY . ... YARAVAGA GAP

NUMBLEOF PALNTTUDES . . . . . . . 3

MAGLNTTUDL INCPE®ENT . . . «5000

FIRSTS-MMAUNITUDE . . . . . . . . 8.0%00

PEKLOC OF INTEREST . . . . . . . . %0.00

NWUMBER Of LARTHOUARLS

UI_CRETE MAGNITUDL o 1 2 3 . 5 b Y
8.050 9224209 0402779 .0211992 .DU99761 ,Quelll® LOUI&6LS .0uO%252 .00009)3
Be550 LE805026 L 0DB895,8% L02315190 ,0pS%264% 0010020 ,QUULS98 +0OUDO205 .0000019
9.0%0 «9817091 0572016 0010447 .00000%6

ARLA SouRct 3

YARUTAT GAP

NUMBFR OF BANDS: | ROUNLARY COND: t 1 1 0 CLEMENTS: 30 THRU 30
NUMBELR OF FLEMENTS IN (ACH BAND STARVING WITH DEEPLST ONE ]
TInCOATABASE . . .. ... 15.000
No of OCC . ... ... ... ... ...... 2.112
NO OFPOISSUNEAG, . . . . . . . .. b
sun OF porssumoOcCcc.. .. .. . .. 201.907
DISTIARIBUTION 01 MAG,.
c.0%0 5.550 6,080 6.5%50 7.050 1.5511
120,726 we.oL? 19.52 1.0817 4.594 411

THL NI XY 3 MAGATTUODES ARE SEMI-MARNOV, INPUT 1S READ FROR UNIT 17
FILED INFORPFATION -

in KLV L ae YANUTAT GAP

NUHBER Of MALNITULES . . . . . .. 3

VALNITODEINCREMELY . . 50011

FI&SIS-mMALNITUDE . . . . . . . B0 0L

PELIOD Of INTERESTY . . . . . . . .. 4.o00

NUMBER CF EARTHQUAKES

DI CRETE MAGNT1UDE o ] 2 3 ) 5 b 1
2,050 +9918666 . 00>0913 +CUMBT? +0D0DB4B6 .000292? LOJUDBTS 0000217  D00LOW
2,540 .$'852123 LO10B36? L002%339 ,UQD4371 .0000680 .OOUOGYD .0000010
9,050 +9973885 L002%985 .DOUVLR9

OLLP CLNTOFF PUNE SEG™ENT 1
MURHLE OF £ AND:, 2 ) POUNDARY COMND: 1 0 1l u ELEMENTS: 3) THRU 3|
NUMRER OF (CLEMIATS BN LACH PANL STAKTIANG wiTh DEEPEST ONE |

-u000311
«000000}

.0000004



Fig. A-10 - SEISMIC EXPOSURE, Gulf of Alaska.
Output for a Single Site (continued).

treetatabAse 15,000

NCOSGIC . . . L ju.05%8

No OFPOISSONFAG, . ... ..... [}

SUMUFPOISSONOCC. . . . . . . . . 144.659

OISTRIPUTT uN OF MAL.
L.n50 5.ssr 6.0%0 6.550 1.05%0 7.5%0
bebU? 3. 1.9%6 1.078 1.339 018

THLRE 1S NO SEMI-MAR uov INPU 1 FOR THIS SOURCE

4
AR[A  SOURCE .2

Of (P ELNIOFF ZUNE SEGMENT 2

NUFBER OF HA NDL: 1 BOUNDARY (OMND: 1 0 0 0 ELTMENT §: 32 THR u 32
NUMBLE OF LLEMINTS IN £ ACH BAND SYARTL a¢ ylin OLEPLSY ONE 1
VINEPATABASE . . . . . . ... .. .. 15. 000
NOOFOCC . . . ... ... 21. 163
NO OF POISSON mat, . ... ... .. b
SUMOF PO ]SSONOCC. . . . . . . .. 21+162
DISTRItUTIONOF HAG.
5.050 5.5%0 6.0%0 6.5%0 71.050 1.%50
9.801 LI TY 2.90% 1.591 1.988 021

THERE ]S N O SEMI-MAR nOv INPUT FOR THIS SOURCL

ARtA  SQURCE 33

LEEP EENIOFF 2UNE SEGMENT 3

AUMB LR Of BANDS: 1 BUU NDARY COND: 1 0 o ELE MEN yg: 33 yupy 33
NUK3 0 cF CLE MENTS | N LACH BAND STARTING ulm DEE PELS Y ONE 1
TIMEGATABASE . . . . . . . . ... .. 7%.000
NO Of OCC ... ............... 18.83%
NO Of POISSONMAG. . . . . . . . .. b
sum Of POISSONDCC. . . . . . . . . 1B . Tuu
GISTR ILUTION Of MAG,
£.0% 5.550 6.050 6.550 1.050 1.5%0
8303 4.6)3 ALY Y] 1.353 | 988 .027?

THE gL 1 S NO SEMI-MARKOV ENPUY FOK EHTS SOURCE

AR( A SIURCL 38

DELP BEN JOFF ZONE SCGMENT 4

NUNBER Of EANDS: § BOUNDARY CO ND: 1 0 0 0 ELEMLNTS: 34 ThRU 34

NUNBEE Of ELEMENTS IN LACH BAND STARTING WiTH DEEPLS) ONE ]

TIne PAVABASE . . . . . ... 15.000L

NODQROCC . . 22.982

NU OF POISSON MG, .. ... .. .. b

SuMuf POISSON 0CC. . . .. .. .. 22.%33

UISTRILUTIION Of MAG.
S.04%0 5.55C 6,050 6.550 7.050 T.550
17.324 5.738 j.060 1.683 2.095 .029

THLRE 1S N O SFMI-MARNOV INPUT FUR THIS SOURCE

DELP CLNIOFF uME SEG MIENT &
NURSLE OF HAan D | AOUNDARY CUND: 1 u [V} 0 CLEMENTS: 3S 14RU 3 5
NUMHLE OF (LLFENTS IN EACH BAND STARTING WITH UCIPEST O N L 1



Fig. A-10 - SEISMICEXPOSURE, Gulf of Alaska.
Output for a Single Site (continued).

TIMEDATABAST 1v.cou

NOAFOCC . . 38,221

NU Of POL.SONKFAL. . . . . . . . .. b

SUKLFPOTISSINOCC. . . . . . . .. . 221

UDISTRILUTION Of MAG.
£,050 $.550 b.UY0 6.5%50 1.050 1.5%0
17.213% 9.%6) 5.100 2.80% 3.492 048

THERE TS N O SEMI-MARNOV INPYT FOR THIS SOUR Ct

ARE A SOURCE 3

DELFP BINIOFF 70ONE SE GMENT 6

NURBER Of BA NDS: BOUNLARY CUND: 1 0 0 1] EL EMLNTS: 36 THRU 36
NUBAER Of ELLMENTSIN L. ACM BANDSTARTINGNMITHDECPEST ONE 1
TIHEDATABASE . . . . . .. ... ... 15.00L
NCGorOCC . ... 27.15%9
NU OF POISSONMAG. . . . ... . . . b
SUMOFPOIS SON Occ. . . . . . . .. 27.1%8
UISTHRIBUTION OF NAG,
¢ 050 5.480 b.0%0 6.5%0 1.05%0 T.55U
12.231 6,795 Jo62u 1.993 2.%481 ~03%

THLRELS N O SFHI-MARKOV INPUT FOR TH]S SOUK CL

AR A SOURCE b2l

IL TAnKA JONE

HUMBIR Of BANDS: 1 BOUNDARY COND: 1 0 0 0 ELEMENTS: 31 THRY 31
NUMNBEN OF EL ¢MENTS | N LACH BAND SYARTING wITH DEEPEST ONE 1
TIAEDATABASE . . . . . . . . ... .. 15.,00u
NoOf @CC. .. ... ............ 27.696
NO Of POISSONNMAG. . . . . .. ... b
SuUM or POISSONOCC. . . . . . . .. 27.69y
LISTRIuUILIO N OF Map.
5.0%0 5.550 6.0%0 6.55%0 7.U%0 T.550
12. & 18 6.930 J.o% 2.033 2531 «035%

THLRE 1S NO SEMI-MARKOV INPUTFOR THIS SOUR CE

LINL SOURCE H

CASTLE MOUNTAIN FauLT

I SUGMEINTS BOUNDARY CONOI110N o 0 STARIING A | NODE L L] RINUMBERED

TIMEpavaBaSr . . . . ... ... ... 15.000
MO of OCC .. 6.19L
NUOF POISSONPAL. . . . . . . . .. b
Stmof PolssaNOCC. . . . . . L L T.500
DISTIRIBUITON Of MAG.

5.050 5.550 6.050 6.5%0 1.u5%0 1.550

4,374 1.81n +812 <3N .156 «030
THLRE IS N O SIHI-MARKOVY INPUT FOR THIS SOURCE
LINE SouRCt 2
Ot AL

TEGUFATS bOUNLARY CONDETION u L StamRTING AT NOULE 40 Rt hUMBEHLD
Tied CATA AN 1v. 000

hOJF (CC 3094,

L1}

4o



Fig. A-10 - SEISMIC EXPOSURE, Gulf of Alaska.

NO OT POLLLON FaG,

SumrPalLLuNnoDlC. . . L L L L L

CISIRILUTION Qf PA b

£.0%0
.1.810
THLRE IS N O

LINE SUURCL 3

CHATHAMST HALY
¢ SEGNINIS

NO OF PO JSLON MAG.
SUM OF POISSUN OCC.

L850
v.010
SFPI-PARKOV INPUTY FUR TH]S SOURCE

DISIRIGUTLION of PaAG.

%.05%0
10.940

5.95%0

«,530

Output for a Single Site (continued).

b.O50
“.C60

BOUNUAR v CONDITION
VINEOATAASE . . .. ... ... ...
NO Oor OCC . ... ..

1., 000
15.870

6.050
2.030

b.5%0
1.570

G SVARTING ATV woOL

6.55%0
+183

THERE JS N O SE F1-MARKOV INPUT FOR IM]IS SOURCE

t INE SOURCL L]

FAfRJLATHER
3 SEGRENTS

aoynpDaRy COND 11 gy g

TIMEDATABASE . . 1%.000
NO OFOfC.................. 24T7.50U
NO Or POISSON PAC. . . . . . . . .. ?
SUNQOF PO ESSONOCC. . . . . . . .. 501.9?0
OISTRIBUTION or m A C.
5.060 54550 6.0%0
176.980 12.%30 32.4%80

7.050
<778

1.050
<389

0 STARIING Al

6.550
12.530

THLUE 1S N O SERT-MARKOV INPUT FOR THIS SOUR CE

ATTENUATIONHELATIONSHIPS

ACCEL CH/7sLC/SEC
El
190 .70
<40 L. 000
VLLOCIIY  Cwms8tc
8l
<R3
%330
Pos (.0 SEC &
(9]
«317
6130
- .260
(%]
(¥4
otein

b2
023
5110

B2
1.240
.1eo

B2
1.520
1.0

«T81

P
b6

-6. 00

1c: *0.(100
85
.000
.000

| J 2.L00
3]
.000
+['Q0

1¢: 4.000
83
-.M0o

.00

LOGL-NCrwAL [ISIPIBUTION ONSTTLAUAT] )

NL 01 % 1o UN

M1 OF INCREMLATS IN plst

£40H STUE OF ML AN el

(18

LLES
ba
1.%)
-850

M=
be
b.4l0
1.050

[ 1.
[: L]
1.510

1.050

1.050
6.225

100.000

LN SIC
<568
.606

10.000
LN 516
652
.666

jo.o0u0
LM SIG
.811

«62)

T.5%0 8,0%0
251 <150

.9 RENUNBL RED

1.550
-013

5% RENUNBERED

T.550
2.02%

8.050
1.200

LD 150 U.000
e WX

-000

. 000

LK 100.000
MG MX

000

.000

L} 3= 2u0.000
RG MX
6.500

.000



Fig. A-10 - SEISMIC EXPOSURE, Gulf of Alaska.

INIC. STEP VERT, (huy 1*.000
INTG. STEP HOR., (™) 14.00L
LPLILUN 1hn) oo

Output for a Single Site (continued).

SO LRCEZMAGNTITULE CONTRI BUTL OM TAELE INF ORMATION

INPUY SPECIFIES TABLLS ARE
1
4

IO 6t GENEK ATLD FOR EVELR ¥ 1

INCRENMENTS UP TO INCRLMENT

FOR THESE PARARLILRS

PANANETER TABLE SIZE tSUNM OF MAOCNITUDLS ACROSS ALL SOURCLSE -  24)
PALANLTER MI MI HUH MAX IMUN INCRENENT FIRST tABLE LAST TABLE FIRS Y LEVEL LASY
)] )00.000 1500.000 4p.000 120.000 120.0u0
TAGLE SPACE AVATLABLE - 10800
TauLL SPACL USED 241
HOR] 2ONTAL RUPTURPE LENGTHS (KkH)
£.0%0 5.550 6050 6550 T.0%0 7.5%0 b.050 a.5%%a
2.700 «, 00 8.400 15.000 27.000 a7.000 90.000 160.000
DON DIP RUPTURE LENGTHSIRM)
4,050 54550 6.0%0 6.550 7.050 T.55%0 8,050 8.5%0
2.700 4. 700 8.400 15.000 27.000 %7.000 50.000 10.000
THE CONSTANT C = C) o CXPIC2em) IN ATTENUATION CQUAY 10N
B8.93718 11.200 18,195 17.089 ?2.545 28.012 35,8605 84.09)
PANARLTER 1 - ALCEL CHISECISEC
ATTENUATION COLFFICIENT B o EXPIB2 . M)
9.4082 9.8199 10.232 10.6%3 11.055 ST} 11.878 12.2%9
ATTENUATION COEFFICLIENTI B) « EXPUB2 o M)
1.8721 2.122) 8.3121 8.6221 8.0721 9.1221 9.312) 9.597
PARAMETER 2 . vELOCITY (M/SEC
AVICNUATION COLFFICIENT B] o EXIIRZ o M)
5.9619 €.5919 1.2019 T.8119 B.4219 9.0u319 9.6419 10.1%1
ATIENUATION COLFFICIENI B) « EXPUIBZ o M)
5. 3U% L.6698 6.0294 b6.3094 6.7094 7.109% 1.80698 7.7934
PALAMETER Y- PSY 0.8 SEC Sy
AVIENUATION COLFFICIENT B o« (NP (HZ o M)
6527} 1.2871 8.947} 8.752 9.2862 9.8162 10. 346 10.823
ATIENUATION COLFFLECIENT B) . (XP(BZ * #)
Gebt W2 5.9947 6.3?52 6.11517 T.1662 T.5567 1.9412 8.298¢6
see TLLMENT GECMETRY WAPNINGS FUR AREA SOURCE ¥
Ql*INSIINS - TOP: 133.2 AT RLM: 2250 LOWMN-DIP LLF T 29.0 DORN-LLIP RIGKHT: 28.2

A HORJIONT A

¢80 SUUNCE HEOMT TRY LAKNINGS FOR
SCIPCE NivINSIONS - LEFT: 173,54
@l TH CF C2CH LEVFL FHOW BOTIOM

LENLTH 0P A DO N-DIP LENGIH OF

THL LLEMENT

ARF A SOURCE 23
HlbLHE:
fL 10P:

e .S DOML-UIP LUNLIH:

IS BlLuUN THE RLCOMMENDED LIMLT OF

116.4

LLVEL

ADODRES

9.050
245.000

9.050
aL.u00

« Q.091

12.249

9.5971

10.19])

T.7938

10.823

8.2986

Iw0 INCRLHENTS.

s



Fig. A-10 - SEISMIC EXPOSURE, Gulf of Alaska.
Output for a Single Site (continued).

] 1r.?
> el P
HOUNDARY CONDITION o | 1S IN EFFECYFORTOP OF SO URCE .

e 0 * SCUPCE GLOMT YTHY WARNINGS FUR AREA LOURCE 24

SCURCE DIMULNSIONS - (EFT: 2L%.w RIJGHI:  2UN8.5 DOWUN-DIP LENKG6IN: 208.2
Wl VTH OF CACH LOCVEL FRAOM BOTY On 19 TOP:

1 2%3.%

s 269. %

bOUNDARY CONDIVION « | JS INEFFECT FORTOP OFf SOURCE

o *o0 SOURCE GLOMETY RY WARNINGS FOR AREA SO URCE 25

SCURCE OIW[NS1ONS tEFE#: 23* 8 RIGHT: 238.0 DOMN-DIP LE NLEIH: 238,7
JIOTH OF EACH LEV EL FROM BOTTOM TG TOP:

¥ 215.9

< 230.7
oCUNDARY CL, NC Il 10N o | IS INEFFECIFOR 10P ULFSOURCE.
Ha LNITUDE 9.05% RUPTURE DIMENSION S - HO RI1Z20M1AL:  22%.0 DO«N-01P: 15.0

HOR JZONTAL O R DOW N-D1P LULNGTH OF SOURCE IS sELOV RECONME NDLD LIMIT FOR GI VEN BO UNDARY CONDL TIONS ANU RUPTURE DIWENS JONS .

¢o9 SOURCE GEOME TRY wARNINGS FOK AREA SO URCE 2 6

souece MIM nsgons - LEFT; 2491 RIGHT:  23a.b C)OWN-DIPLLNGLTH: 23+ 5
WIOTH Of E8CH LEVEL FLOM BOTION 10 TOP:

I 2650

K 311.1

LOUNDARY CUNDITVION o« | IS ENEFFECT FORTOP Of SOURCE.

oo SCURCE GEONT T RY WARNINGS FOR AREA 50 URCL 27

SOURCE DIMI NSJCNS - LEFT: Ji6.n RIGHT: Ju0.0 OOwN-DIP LENGIH: 291.2
WIUTH o r C€ACH LEVEL FRON BOTIOM T0 TOP:

1 328 6

2 190.%
YOUNDARY CLNOII1TON o | ISINEFFECIFORYOP OF SOURCH .
MAUNTTUDE 9.05 AUPTURE OJH[NSLIONS - HORI/ZONIAL: <22%.0 DOWN-DIP: 15.0

HORIZONTAL O n OQOWN-DIP LENGIN OF SOURCE 1 S OSELOM RECGMMENDLD LIMIT FOR LIVEN BOUNDARY CONDITIONS ANU RUPTURE DIMENS JONS.

e -0 SCUFCE GLOMFTIRY WARNINGS FOR AREA SOURCE 26

SOURCE DIMENSIONS - LEFT: 3%55.% R1GHT: 356 .4 DOMN-0DIP LENGIH: 355.5
dIUTHOF EACHLEVELFRON OOIL1ON 10 VOP:
I 2112
2 192.1
BCUNDARY C(,MO1I110N o ] JSINEFFECTI§0R 10P OF SOURCE .
MALNITUDE %.0% RUPTURE DIMENSIONS - HORIZONTAL: 225 0 DOMN-DIP: 15.0

HOHTZONTAL OR OOWN-DIP LENGTH O f SOUKCE 1S BELOW RECOMMENOED LIMLIY FOR GLVEN BOUMNDARY (ONDITIONS ANL RUPTURE DINENS JONY.

o ** SNUPCE GECHE TRY wAKMINGS FOR AREA SOURCE 29

SOURCE NIMENRSIONS ~ LLFT: 1710.8 Rlont: 132.0 OOWN-01IP LENGTIN: 16.3
dlUTH Of CACHLEVILFHOM BOI1OFI TLu10P:
] 123,.#
Job.9

oCUNDARY CONDITION o | 1S IN LFFECTFORTIOP Of SOURCE .

8% SGLECTE CCOMETRY SARNINGS FON AREA SOURCE 1310

SOURCE DIMENTIONS - LEFT: 343,09 RIGHT: 279.% DOWN-DIP LENGIH: 1537
wl, 1M OF For tn LEVEL From BCIIOM T TOP:

1 Yeb .9
N 41,0
1 CUNUAKY CL™DITION ) ¢ N (FFLCT FOR TOF UF SOLRCE .
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Fig. A-10 - SEISMIC EXPOSURE, Gulf of Alaska.
Output for a Single Site (continued).

MALNTTUGE Z7SOURCL PERCLNIAGE (ONIRELUYION TabLL

AKL A
SOURCHE

. LOUO

<bouy

MAGNT FUDE /SOURCL PERCL NIAGE CONT RI BUTLON TABLE

MAGNTTUDE /S guret PERCE yyagE con JRIBUTE oy TagLE

ARL A
SOURCE
26

TARAMETER 1 : ACCLt CHISEC/SIEC : 120.00
ARE A ARLA ang . AlLA AKLA
SuunCi SOURCE SOURLE SOURCE SOURCL
1 2 3 . 5
e S g e oo oo
0Pt 0 .0000 oouo couo Luhuo
~upun . 0090 wuno - OO FOT)
+0Ntn .0000 Uouo vuLo .L000
ueen .0uoo 0000 ouuo «00U0
~U0U0 . Ouoo .0LLD . 0000 0000
.poor . nD00o 0000 0000 .00U0
uoLe .0000 00LO Uooo .00U0
.LO00 .0000 oLLO 0000 0000
.UulLO .0000 04400 Oouo +C000
0gon 0000 N 0000 Oouo
PARANLTER | ACCEL CHISEC/SEC H 1292.00
ARLA ANEA ARLE A ANLA ARLA
SOURCE SUURCE SOURLE SOURCE SOURCL
11 12 13 14 15
aoon 0000 «23%8 2.3082 .0000
Orion 0000 <3076 PR B I | «u0uo
Lot 0000 Cu2 3.52061 «020%
~ubLD 0000 0000 0000 «0000
~U0L0 .0000 +COL0 0000 0000
.uorn .0000 «0LLO LouD «00U0
aoL0 0000 -NLOD 0000 0000
anun .3000 . OLOO . Uuoo 000D
+00ce .0000 <0uon .0000 oouo
.ance 0000 1.2476 7.94%6 02048
PARAMET ER 1 : ACCt L (n7sEC/stC B 120.00
ARLA APCA ALLA AREA AR LA
SOURCL SOURCE SOUR(. C SOURCE SOURCE
21 22 23 2% 2%
~0nnn 0000 ooco 1047 6.6589
2000 0000 oouo 38110 5.900%
SUoLr 0000 .0unl0 l.b181) b.1988
voun .0000 «1185% 1.709) “.8518
unto nooo «2134 243358 S.1884
oot . 0000 0822 . 3841 7432
. J0u0 auao .00L0 1.3103 §.0182
+0nLe 0000 0Loo . 00D 2.574)
un(o 01100 .ouun .0000 <7360
+unoce .0000 TYS 8.06429 37.8743

24 .b880

ARL A
SOUKCE

ARL A
sOURCE
17

ARkt A
SOUKCE
21

3.37152

AREA

»0L00
.0000
.0000
+0000
. uoou
.0000

AREA

ANEA

SOURCE

Ak A

AHL A

SOURCE
19

ARLA
SOURCE
29
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Fig. A-10 - SEISMIC EXPOSURE, Gulf of Alaska.
Output for a Single Site (continued).

FARAMETER 1 ©  ACLEL LPISECISEC SUM MARY WA GNTTUDE /SOURCL CON TRIGUTION TagLL PART |}
ARE A ARE A Akt & ARE A ARL A ARLA ARLA AREA ARL A ARC A
SOukCE SOURCE SOULRCE SOURCE SOURGE SOUHCE SouURCE SOURCE SOURCE ReMRCE
VALUE : 1 2 3 . 5 6 1 L 10
....... T cemmreeecoremcrcmmm—e——————
120.0: . 00000 00000 «000uLEC +10000 .0000u .0000u .00y00 .00000 .00000 00000

PAVARETER 1 @ ACCLRL (L VA S WATYS SUMMARY MAGLNT TUDE /SOURCEL CONIRIUUILON TABLE PARTY 2
AL LS AREA AkE A ARL A ARLA ARIA AREA AREA ARIA AREA
SoUrcE SOURCEL SGURCE SOUKCL SOURCE SOURCE SOURCE SOURCE SOURCL SOURCE
vatur 1 12 i3 [T} (1) 1) 17 10 19 20
....... e
E
12J).23: L00UOUL 00000 -31759-00) .20274+000 e 5200LJ-00) «UUUOU .00000 0000y 00000 «0C000
PARPAMETE R : ACCLL CHISEC/SEC SUMMARY nAGNT TUDE/SOURCL CONTRIBUYION TABLE ® ARL 3
AR{A AREA AL A AREA ARE A AREA ARCA ARC A ANTA AREA
SUUKCE SOURCE SOUKCE SOURCL SOUKCE SOURCL SOURCE SOuYRCE SOURCL SOURCE
VALUF ¢ 21 22 - 23 24 2 26 27 28 29 30 ...
....... P e e e m e e m e e e o e m e e e . — e o e m e mmm — i — o ——————————— ————————————
120.0: .00000 ~u0000 +11758-00) .22000°000 .96421.000 +62742+C00 .05917-001 o.23427-00) .22519-001 .2?s50?-002
s e i i
FARAMETER 1 : ACCLL (M/SEC/SEC SUMMARY MAGNTTUDE/ZSOURCEL CONTRIBUTION TABLL PART &
APE A ARER AVEA ARL A AREA ARLA ARE A LINE LINF LINE
SOURCE SouRct SOURCE SOURC | 50URCE SOURCE SUURCE SOURCL SOuURCE ourcCeE
vaLuL @ 31 32 33 34 35 36 37 1 4 3
....... S0ttt Rt
170.C: «19265-C01  .60126-0G01 .1D%4*000 .9304)-001 .43852-001 .69660-002 ,28640-001 .000LOO .L0000 «0C000
PARANCTER 1 : aACCEL (M7SEC/SEC SUMMARY MAGNITUDE /SOURCE CONTRIBUTION TapLL PARI 5
LInf
sourer
vALUL L} . ROMSUNS
....... Ot mm et om e e mmeen e

12u.0: .0000C «25455+00)



Fig. A-10 - SEISMIC EXPOSURE, Gulf of Alaska.
Output for a Single Site {continued).

@  FEEAx

se o0 e PP O ABITIL I T Y oF [ I ) L Last 0O NI £ x CLE O NC @t I N 40,00 YEARS

NOAA STTSHI( [XPUSURL MAPS--GULF OF ALASKRA --0C1--198])
MARAONV INPUT ULID
SELSHIC EXSPOSUPE MAP GROUND MOVTION VALUES--CGULF OF ALASRA-OLT--1981

vELOCOCT T VY CH /S EC
INL = 2.0L0
MIN o 1n.coo NOTE: No tables were generated for velocity
MAX = 100.0060
SITE COORDINAVLES X,¥,2 ~152.44%% $4.000 .000 693.509 109.15%
.00000 2.c00U0 4.0U000 6.00000 ® .0u000 10.00000 12.00000 18,0U000 16.U0000 18.00000
1.00000 »9988%8 .83981 «53%4 . 30666 «16400 09988 +00560 +L&200 «026312
.00 bew} 22.38 52. 6% 10v. 12 22%.8) 100.062 $90.03 32,17 1499.72
2C.00000 22.00000 28 .ULOOO 26.00000 26.00000 30.00000 32.00000 38 ,.00000 36 .00000 38.0000C
«01899 01349 «00944 ogbfg 004135 ~003%% +00233 -00387 «001%9 .00118
2:06.083 294%5.07 8218.07 613.. 918%.31 11278, 04 12125.87 21341, 008 26685.88 33889.8¢C
40.00000 42.00000 44 .00000 46.00000 4e.CuUNOD 50.00000 $2.0p000 58 .00000 56 .00000 50.0000(
NUD ) 00054 .000* } -0003% 00030 00023 00016 .00011 +u0008 .00001
2LO 1110 .00 «00 .00 .00 .00 .00 .00 »0C
6C.00000 62.00000 64,0000 66, 00000 68.00000 10.00000 12.0u00g Ta .00000 16.00000 ?8.00000
.00005 .00003 .06002 .00002 -0000) .00001 .00000 +0UOU0 .00000 ® 0000C
.or L0 .00 00 .00 .00 .00 .00 .00 +0C
8r.00000 A2,00000 b4 ,0L0O000 86.00000 68.00000 v0.00000 92.00000 94 . 00000 96 . 40000 98.00000
-0ucon .00000 +~00000 00000 +00000 00000 .00000 .00000 »L0000 -0000C
* 00 Nily .00 00 0o .00 .00 .00 .00 «0C
P SV 0 - B S FC 5 1
INC = 8,000
NIN = 0.000
maL = 200.000 NOTE: No tables were generated for PSV
SITC COORDINATES X,Y,Z “152.4%% 54, 000 <000 £93.509 169.15%
.00000 8 .00000 0.00000 12.00000 16 .00000 20.00000 24.00000 25.00000 32.00000 36.0000C
1.10000 RITY] 64018 38386 72191 -10839 .10313 $06922 (15208 .0322¢
.0 16.59 39.60 83.18 15%15 289.52 367.99 $%8.10 148,35 1220.08
", 00000 48 , 00000 48,00000 52.00000 56.00000 60.00000 64.00000 68.00000 72.L0000 76.0000C
.02268 .0189¢6 01307 .0109U 0uvel .00609 -00893 00396 L0033 7 .0025 2
1788,.27 2090.40 3018.78 3651.24 537T6.87 549,52 8090.8s 10072. 38 1258767 15770.6C
ar .ounono 84 .00000 58.00000 92.00000 96 .00000 100.0000V0 10%.00000 100.00000 112.u0000 116.0000G
-N0203 00119 30161 .00125 00096 .00082 .00073 .0005s «D00%S 00041
1°9719,.061 22366412 28829.684 31982.40 .00 .00 .00 .00 .00 «0C
120.00000 12%.00000 1268.00000 132.00000 136.00000 140.00000 144 .00000 1268.00000 152.00000 156.00000
-0003% .00029 .000?1 .00016 +au0l e .00010 00010 .00009 +u0007 0000 ¢
.00 L0 .00 .00 .00 .00 .00 .00 .00 «0L

16t .raoon 144 ,00000 168.L0000 112.00000 176.00000 180.00000 184.00000 188.00000 192.L0000 196.0000C
.0000% +000UN 00002 +0000 2 ~00002 .00001 .00001 .00001 ~u0000 .0000]
.00 .00 .00 .00 .00 .00 .00 .00 .00 -0C
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INPUT/OUTPUT SUMVARY
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B.1.0 SEM - MVARKOV PROGRAM INPUT/OUTPUT

| nput to the MARKOV programis listed in Tables 1 through 8

and in Tables B-1 through B-5. Partial output is shown in
Figure B-1.

B-1



t11
t12
"13

to1
'22
ta3
"31

tao

TABLE B-1

DI STRI BUTI ON OF HOLDI NG TI MES FOR seMIDpI AND PCK

(PART 1) GAPS

Hol ding Tine (Years)

0. 25

Fractile

58
63

69

92

100
108

127
138

150

0.5
Fractile

86
92

98

132

144
155

173
189

196

0.75

Fractile

115
127

138

178

190
201

207
230

253

1.0

Fractile

322
345

368

472

506
541

592
575

598



TABLE B-2
DI STRIBUTI ON OF HOLDI NG TI MES FOR PCK
(PART 2) GAP

Hol ding Time (Years)

0.25 0.50 0.75 1.0
Fractile Fractile Fractile Fractile
ti1 72 107 143 400
t12 79 114 157 429
13 86 122 172 458
to) 114 164 222 586
199 124 179 236 629
t 134 193 250 672
23

' 31 157 215 257 687
t3s 172 229 286 715

' 33 186 243 315 744



t
ti2
13

t21
122
' 23

" 31
t3)
"33

DI STRI BUTI ON OF HOLDI NG TI MES FOR PCK

Hol di ng Time (Years)

TABLE B- 3
(PART 3) GAP

0.25 0.50 0.75 1.0
Fractile Fractile Fractile Fractile
88 131 175 490
96 140 193 525
105 149 210 560
140 201 271 718
152 219 289 770
165 236 306 823
193 263 315 840
210 280 350 875
228 298 385 910



t11
12
ti13

' 21
' 23
t31

' 32
t33

TABLE B-4

DI STRIBUTI ON OF HOLDI NG TI MES FOR YAKATAGA GAP

Hol ding Time (Years)

0. 25

Fractile

19

20
22

30
32

35

41

44
48

0.50 0.75 1.0
Fractile Fractile Fractile
28 37 104
30 4] 111
31 44 118
43 57 152
46 62 163
50 65 174
56 67 178
59 74 183
63 81 192



t11
ti3

'21
ta2
'23

t3y
'32
t33

TABLE B-5

DI STRIBUTI ON OF HOLDI NG TI MES FOR YAKUTAT GAP

Hol ding Time (Years)

0. 25

Fractile

38

41
45

60
65

71

83

90
98

0.50 0.75 1.0
Fractile Fractile Fractile
56 75 210
60 83 225
64 90 240
86 116 308
94 124 330
101 131 353
113 135 360
120 150 375
128 165 390



Fig. B-1 - Partial MARKOV Printed Output (for the
Shumagin Gap source only)

SEMI~MARKOVMOLEL OF EARTHQUAKE RECURRENCE

RuN DESCRIPTION - NOAA SEISMIC EXPOSUREMAP]

RUMBEROF ZONES . . . . et e ccee 7

NUMBER OF YEARSIN A UNJTTIMEPERIOOD . ... ... ... ... ... .. €0

PERIOD OF INTEREST - YEARS . .. ... ... ... .. .. ... ......... 4.0
S TIMEPERICDS . o R

MAXIMUMNUMAER oF EARTHQUAKESALLONMED . . . . . . . .. .. ... ... R

0 AGNITu DE INCREMENT ... ... .. . ... . . «50

RUNCESCRIPTION - NOaA SEISMIC £x PO SURE MaP 1

ZONE 1 - SHUMAGIN SEG

INFORMAT]ONwWHICH APPLIES TO THIS ZONE

NUMBE R OFSTATES . . . . . 3

MAGNITUDE OF THE LAST LARGEEARTHGQUAXKE ... ... ... ....... hell
MAGHNITUDERANGEINDEX . . . . .. . .. ... .. .. 1

TIME EL APSE D SINCE LAS1 LARGEEARTRQUAKE - YEARS . . . . . . 12¢.0C
- TIME PE RIODS 21

ELAPSED TIME o PERIOD OF INTEREST - YEARS ... .. . .. . .. léeeul
- TIME PERIODS . . . . . . 29
NUMBER OF PARAMETERS IN THESEMI=-MARKQVM™ODEL . . . . . . . 12
NUMBER OF SEGMENTS . 1

EARTHQUAKE MAGNITUDES

STATE INDEX DISCRETE MAGNITUDE MA GNITUDE RANGE

1 8.050 7.800 - 8+300
2 8.55¢C 8.300 - 8870
9.05% Be 8.0 - 94370



Fig. B-1 - Partial MARKOV Printed Output (for the
Shumagin Gap source only) (continued)

BAYESIANESTIMATION OF MUDELPARAMETERS

PARAMETER 1 - M|
NUMBER O F DATAPOINTS = 6
OATA VALUES -
7.800 7.30C be2 .0 T.800 9e2ul 8.100

p R OR FRACTILES ARE -
0.25 FRACTILE 2490 FRACTILE Ce7%5 FRACTILE 1eCO FRACTILE

RESULTS OF COMBININGDATAAND PRIORS ARE AS FOLLOWS

SAMPLE DEGe OF M E A N VARIANCE FOURTH
S12€ N FREEDOM (XBAR) (S16SQR) MOMENT

OBUECTIVE DATA 6.0 Sel -2.216 4,130
PRIOR 041A 5.0 4,C —e 432 .298 .592
POoSTERIOR 11459 10.0 ~1s410 4.041
PARAMETER @ - W2
NUMBER OF OATA POINTS = 4
OATA VALUES -
Bea00 84300 54170 Be%00

PRIOR FRACTILES ARE =«
0.25 FRACTILE GeSD FRACTILE 0475 FRACTILE 10, FRACTILE

8.300 84500 2.T00 9.300
RESULTS OF COMBINING OATA AND PRIORS ARE AS FOLLOGS

SaMPLE DEGs OF M E AN VARIANCE FOURTH

S12E N FREEDOM (x8AR) {SIGSGR) MOMENT

3*C “e313 eifl

OBJECTIVE DATA .0

PRIOR pDaTA £.0 a," “sb:2 298 592
POSTERIDR 9.0 u ~a#l3 .196
PARAMETER 3 - M3

NUMBER OF 0aTa POINTS =
DATA VALUES
8e200 8.70C0

PRIOR FRACTILES ARE -
0.?75 FRACTILE 250 FRACTILE PeT5 FRACTILE 1.00 FRACTILE

8,300 BeS50 s.7C0 9.300

RFSULTS OF COMBINING DA7A AND PRIORS ARE AS FOLLOWS

SAMPLE DEG. OF M L AN VARIANCE FOURTH

SIZE N FREEDOM (XBAR) (SIGSQR) MOMENT

OBJUECTIVE OATA 2.0 1.0 -.511 »329
PRIOR DATA 500 4.0 =52 .298 .592
POSTERIOR 7.0 6.0 ~e 469 .237

PARAMETER & - 111

NUMBER of DATA POINTS = 4
DATA VALUES .
203L6C 340C0 1300 1002

PRIOR FRACTILES ARE -
0.25 FRACTILE Ce5C FRACTILE €75 FRACTILE 1.09 FRACTILE

50,000 75.009 10°.000 280.000

RESULTS OF COMBINING OATA AND PRIORS ARE AS FOLLOWS

SAMPLE DEGe OF ME A N VARIANCE FOURTH
S12E N FREELOM (XBAR) (SI1GSQR) MOMENT
OBJECTIVE DATA L YY) 3¢ Y] .295
PRIOR DATA S5e 4*G 4,238 512 ledbe

PoSTCR1O0R Se0 8eU 24593 6.232

PARAMETER
S SQUARE

4,130

.124
2.963

PARAMETER
S SQUARE

PARAMETER

S SQUARE

.329
e124
.138

PARARETER



Fig. B-1 - Partial MARKOQOV Printed Output (for the
Shumagin Gap source only) (continued)

PARAMETER 5 - 112
NUMRER OF DATA POINTS 2 1
DATA VALUE §

31.00¢C

PRIOR FRACTILES aRE -
0.25 FRACTILE GeS0U FRACTILE

2,75 FRAC TILE

55.000 AZe0DC 117.0[0 3C6C 000
RESULTYS OF CO MBIHING DATAAND PRIORS ARE AS FOLLOWS
SAMPLE DCGe of M L 4 N VARIANCE FOURTH
§120 N FREEQOM (xBAL) ¢SIGSQR) MORENT
DBUECTIVE OaTaA 1.0 ot Jebta «L0G
PRIOR DATA 5*0 G0 4,352 «478 1.166
POSTERIOR 6ol Se% 4ol-d «57¢C
PARAMETER 6 Ti3
NUMAER OF DATA POINTS = 1
DATA VALUJES -
Bedii
PR1O? FROCTILES ARE -
Ce25 FRACTILE 02 FRACTILE 0.75 FRAZTILE 100 FRACTILE
63300 §5.000 12..000 32:.00C
RESULTS OF COMBINING DATAANDPRIORS ARE AS FOLLOWS
SAMPLE CEG, OF M T & N VARTANCE FOURTH
SIZE & FRIEDOM R1:IER] (S15SuR) MOMENT
03JECTIVE DATA 1.0 l1e742 Y ¥
PRIOw DaTa 5%C 4ol o 4. LY 954
POSTIR10R [ ] Sa2 Je9°3 20529

PARAMETER 7 "1 2 1

NUMBERCF DATA POINTS = 2
OATAVALUES
14000 14500

PRIOR FRACTILES ARL -
Ce2% FRACTILE CeS3 FRACTILE 2.75 FRACTILE
80.000 115.000 155,000

41(,.000
RESULTS OF COMBINING DATA AND PRIORS ARE AS FOLLOWS
SAMPLL DEGs OF M E AN VARIANCE FOURTH
s1zZE NFREEDDM (XBAR) (SIGSQR) MOMENT
OBJECTIVE DATA 2.0 1.0 s0._0 .000
PRIOR DATa 56 4.0 4,654 «0a) 10C16
POSTERIOQOR T2 6.: 3*353 9.204

PARAMFTER B = T22
NUMRER OF DATA POINTSE 1
DATA YALUES -

1.620

PRIOR FRACTILES ARe =

0.25 FRACTILE DS FRACTILE .75 FRACTILE 1203 FRACTILE
87.000 125.900 165.000 440,000
RESULTS OF COMBINING DATA ANO PRJORSARE AS FOLLOWS
SAMPLE DOEG. OF W [ AN VARIANCE FOURTH
SI2E N FREEDOM (XBAR) (SI1GSQR) MOMENT
ORJECTIVE 0aTaA 1.0 s 0 n .000
PRIOR OaTA 543 4.C 4.T7. 431 .992
POSTERIOR 6.0 5.0 3.975 T+655%

PARAMETER
S SQUARE
«N00
.198
.293

PARAMETER
S SQUARE

g
e186

14301

PARAMETER
S SGQUAREL
.000
o184
5.369

PARAMETER
S SQUARE
.000

e 18?
3.937



Fig. B-1 - Partial MARKOV Printed Output (for the

Shumagin Gap source only} (continued)

PARAMETER 9 T 2 3

NUMBER O F DATAPODINTS -
DATA VALUES -
19.3C¢C

PRIOR FRACTILESARE -
Ge25 FRACTILE 0.5¢ FRACTILE

94.0040 135.000

RESULTS OF COMBINING DATA AND PRIORSARE AS

SAMPLEDEGs O F M E A

S12f N FRLEDOM {XBAR)
O3JECTIVE DaTa leC . 2e944s
PRIOR DATA 5.0 4. 8,841
POSTERIOR 6e0 5*C 4.5:5

PARAMETYER 10  T31

NUMEER OF DATA
DATA VALUES
1,000

POINTS &

leC0D

PRIOR FRACTILESARE -
0.50 FRACTILE

Ce7S FRACTILE

175.000

6«75 FRACTILE

1400 FRACTILE

470,000

FOLLOWS
VAR IANCE FOURTH
{S]1GSQR) MOMENT
eNOL
423 972
la8b?

1.0C FRACTILE

1124000 1504500 18.421d ABLL0DC
RESULTS OF COMBININGDATAANDPRICGRS ARE AS FOLLOWS
SamMPLE DEG. OF ®E AN YAR]IANCE FOURTH
SIZE N FRLEDO™ (XBA-} (SIGS@R) MOMENT
GIJECTIVE DaTa 2.0 1ev ® 35 2104
PRIOR DATA o3 4,9 4,33 316 54.2
POST:R]IOR 7.0 6. 3,58 12.163

PARAMETER 11 1 3 2

NUMBLR OF DATA POINTS =

PRIOR FRACTILES ARE
0.725 FRACTILE 050 FRACTILE

120.000 160.00C

Ce7% FRACTILE

2C. 00D

1480 FRACTILE

RESULTS OF COMBINING DATA AND PRIORSARE AS FOLLOWS

SARPLE DEGe OF M E AN
SI2€ N FREEDOM (XBAR)
OBJECTIVE OATA .0 «d ol.C
PR1OR DATA Se9 4.3 S5a0%a
POSTERIOR 5.0 4. Se0aa
PARAMETER 12 133
NUMBER OF DATA POINTS = t

PRIOR FRACTILES ARE
0.25 FRACTILE 950 FRACTILE

13C.000

Ce75 FRACTILE

22000

VARIANCE FOURTH
(SIGSOR) MOMENT
® sot
296 «438
296

1401 FRACTILE

RESULTS OF COMBINING DATA ANO PRIORS ARE AS FOLLOWS

SAMPLE DEGe of MW E AN
SIZE N FREEDOM {XBAK)
OBJECTIVE OATA .0 o )
PRIOR OATA 5.0 4.3 Tl
POSTERIOR 5.0 4.0 Se1l6

5204000

VARIANCE FOURTH

(SIGSOR)  MOMENT

Y
278 361
278

PARAMETEH
S SQUARE

«N00
.176
o T4}

FARAMETER
S SQUARE

«NOL
.131
5.929

PARAMETER
S SQUARF
#»00C
.123
.123

PARAMETER
S SGUARE
+707
.116
.116



PlleJI=PROGARILITY Ty AT

Fig. B-1 -

Partia

MARKOV Printed Output (for the

Shumagin Gap source only) (continued)

THE NEXAT EARTHQUAKE AFTER

ONE O F MAGNITUDE 1 WILLBEONE O F MAGNITUDE

Pllel)z 7858886 Pile2)=
PL2+1)= 2866263 P(242)=
PU3sl)z o35:4830 PiLls20=

H{leJeM)ZPROBARILIT v

.1422288
«56T76328
«5143812

Pited)=
Plced)s=
Pl3s2)=

«Lo8B8827
1457601

.1331354

THAT THETIMEBETWEENEARTHQUAKES

Magnitud es

H(lsle 1)3 o 4173135
Hilsls 20T (784056
Hilsle 32z 40518821
Hilels &)z 0382544
Hllele 95)= L,02988(5
H{lele 633 ,0242707
Hilels T¥= 0202799
Htlele 83= .0172886
H{lsle 923 20149854
Hilsels 1022 ,0131665
H{lele 1102 40116922
Hilele 1202 o310478,
H{lele 130 ,0.54629
“{lale 18)= 7586034
Hilele 158)= 0:7H678
Hi{lgle 163= 0272321
Hilels 179z +006ET81
Helels 1R} 0961916
Htlele 193= .0S57617
H{lele 270= L0GL53794
Htlele 2102 ,0350376
Htlele 22)= .0047305
Helsle 239= ,2284533
Helale 24)= ,3Ce2022
Helele 283 ,0039736
Htlele 2633 43037653
Hi{lele 2703 (0335742
Hilele 232= 0333974
Hilely 2903 0232367
Hi2s1e 1)= 3373111
HiZele 2)% ,0599112
K241 3): .0412776
Hi2ele 412 42314285
Hi{Z2eln 531z 202:2790b
H{2ele 62= 021' 6$3
H{241e )= 4219.350
HE241y 83 4CT15%0770
HI,?2*1* 9)= LL1Xx547
Ht2ele 1.0 43123750

IAND 3 RESPECTIVELYe WILLBEEQUAL T O

H(1e2e1)= 0174705
H{l14242¥% 9223273
H{ls2e 322 0305105
H{le208)= . 037562S
Hile2e 53z +4004373134
Hllels 61z JNe687T5
H{le2s TI= <CABB1T
Hils2e a )= ,0497287
Hile2¢ 9)= 0462312
Hilg2e 103 ,D465303
HileZ2e 1132 0882157
H{l42412)3 0*15278
H{le2e¢ 131z 03BESES
HEl92e 142= 4035744,
HCls2e 150z 0328877
H(102, 161=030153°
H{1e2s 1733 L,0275794
Hilew2s 18)= «0251872
Hile2419)2 02.29843
M{14294203% 3209609
Hile2e21)= 01901343
H{1920223% 01746097
H(102, 23)= .0159629
H{ls2y 2423 45146011
H(le202%)= . 0133712
H{1e2¢26)% 5122695
Ht1le2¢ 2722 01125823
H{le2s 290z ,T153527
MEleZe 2922 ,L,DI9536
H€242% 192 2551141
H{2¢2s 205 40DE22R¢
He2420 3)= G4L6BCC
H{2¢2e &)= #231964¢
H{2e29 D)= L026312n
H{ 2y 61 7223274
He2e2¢  7)= L,019259°
H{'e2¢y &)= @ 0172597
HU2424 YY)z LF15225
H{ze2e 170z #41137267

Hile3e
LISYRI]
H{lede
Hile3s
Hilele
H{le3e
H{le3e
LISEE-
Hile3s
Hela3
Hils3e
HEle30
Hele3de
H{ls3Xs
H(le3y
H{le3e
H(le3s
Hi{le3e
Hileds
Hlle3e
Hile3de
Hile3e
Hilede
HUle 30
Hele3e
H(le3e
Hile3e
Hi{lq 3
H{le3y
HE243s D)=
H(2e¢2y 2=
H{2s 3 3=
H{2e 3 4)=
H{243s %)=
H(2e3s &)=
Hi2¢3e )=
H{2e3de B)=
Hl2e3e 9)=
HtZ2e39 13)=

1)=
2y =
3=
4)z
5=
&)=
Ty=
81=
9=
10y =
11)=
12)=
13=
14y =
i9=
16)=
1=
18)=
193z
2C)=
21)¥=
22)=
23)=
24%=
25)=
26)=
27 =
28) =
29) =

S¢C0

«31354420
e0653548
«0554509
«04T75219
«£417395
«03678¢€2
«0326880C
.029257?3
«0263431
+D238%38
«£217068
+019846122
182093
«C167733
.0155026
o0142727
.0133632
0 (12457¢
« 0116419
+01C9085
.0102357
.0096271
eu090718
«20BEE3S
® 008C972
.3076683
+0072728R
20089274
® CO6E69:
«N453a%E
e 0329256
ol 329672
«{3309K0T
«T334377
«73248 07
«0312%88
« 0299272
« 0285576
02271529

Ml

OR

2.50 YEARS)



Fig. B-1 - Partial MARKQOV Printed Output (for the
Shumagin Gap source only} (continued)

HE2ele 1105 0111711 Ht 2 2, 11)=.9124833
HE2¢1ls 12)= »0101613 HE 2,2, 12)=.,011427%
Kt2ele 13)= e 0093056 H{Z242¢13)= 0105267
HC2ele 14)= 0CB5718 Hi292014)= 009747>
He 2+1+ 15)3 3 (79361 Hi2e2¢ 1532 o0 053671
HE2ele 16)3 007381 Hl2¢2s 1€1)= +03Ba68
Hi2e¢le 17)= 405689728 H{242s 17)= 20N7836¢c
H(2,10 Y8)»= 00 64564 Hizes2e 181z ,0C74620
H{2els 19)2 SA(60686 Ht{242¢ 193z 40073377
HE 2,1, 20035 L0°57224 H{242s 203z ,7C66529
H{2ele 21)= 0054063 HE2420 2102 20063047
Ht2ele 2203 0351216 H(2424220= .0°259877
H(2ele 23)= 0048624 H{2429 230 40296975
Hi2sle 243 D[ 846256 H{29242%)= 10954322
HE 2,1 29)=s e t @084 HMl292y 29502 JCO0SIBTs
Ht2+le 261 0082086 Hi242y 2613 LC049615
Me291le 2733 LCO80243 Hlze2y 2732 00847529
14(2*1* 28): +9:38537 H(242¢ 2812 CLAE59°
H{2els 29)% oD-36955 Ht242¢ 29) = #024378%
H{3sle 1)= .3246793 H{3e¢2s 1= o0u25443
Hi3ele 223 01559334 K{3¢2s 2)= LD022553
H(3els 3)= 0387673 HE342e 30z .00: "BAA
H(3sle 432 90296446 Hi{le2e A)z 4D239165
Hi3sle S)= .0239420 Hl3e2s 5¥= s0D4R54C
H(3sls 612 ,0200321 Hi342s £33 4005898%
HW(3ele T2z 0171778 H(3¢2e )= 40070463
H(3ele B)= 0150060 H(3424832 20820907
Hilsle 9= 0132976 H(342493= . 0096193
H{3ely 1D0)= 0119194 H{3e¢2¢ 1C)= #J11018°¢
Hi3ele 112z 401:784¢% He3¢2¢ 113z oC124687
Hi3sle 123 oD09834e HME{3s2s 1275 4013947}
HE{3sle 1323 L009J28C M{342913)¥= 0154283
H{3ele 18)= L,CLEIISD HW{3s2y 14)= ,D1688B5)
Ki{3ele 1902 2077336 H{3y2s 15)= «40182894
H{ 3*1* 1&)% e OC 72069 Hi3e241632 0196147
Hi3y1e 1732 ,0 67421 Hi3¢2917)= . 0208337
Ht3ele 1822 LC36329( H(342418)z .021926<
Hi{3sle 19)= L0059596 HE3e2e 192z o022872¢
H{dely 2213 0056273 Hi3e2020)2 023659}
H{3ele 21)= e tC 53274 Htle2e 21)= 0282778
He3ely 2232 #005(%49 H{342422)= .0247225
M{ 3*1* 2332 «0CARpgEs H{39g24233= 0249965
M(3ele 2435 0045793 H(3e2¢ 24)2 #0251C84
Hi3s1s 25)= e 0G43737 HE2y2, 25)= ,0250552
Ht3ele 2632 «0L8 1785 H{342e26)= . 024861"
HU3gle 27)= L 40009 Hi{292¢ 273 «C24530
H(3ele 2B)= o03283cs HU342¢2P)T 024,959
H{dyly 2972 0236837 HMide2e 291z 0235563
EARTHAUAKC PPOLABILITIES FO R TRENEXT Se

PROBABILITY

096575772
.01640477?

NO. OF FARTHOUAXES O F

7.9-0.? Be3=ta4BeB=9,3

4

1

7
[

. A

Hi24¢3s
M{243s
H(24 3
H{2+3e
H{24 30
H{2e2s
Hi2e3y
HE24 30
Ht293
H(2430
LIFERY]
H(243s
H{2¢34
HE24 30
H{2+3
HE2e 3y
Hi293
Hi2e3y
HU24 30
H(39 3
H(3s 3
Hi3e3y
H{34 3y
Hi3e 3y
Hi3e3e
HE 33y
H{3e3y
H{3e3e
Ht3s 30
H(3e3e
H(34 3y
Hi{3ely
H(3e3y
H{3e3e
Ht3e3y
Ht 393y
HE3e3y
Hi3e3e
Hi3e3s
Hide3dy
14(3,3,
H{3e3s
H{3e3e
H{3e3e
Hi3e 3
H{3e3ly
H{343
Hi3e3s

YEARS

EACH MAGNWITUDE

1132 5257697
12)= J[24423s
13¥= J0231282
14)= ,02189(9
15¥= LC20731%9
16)= #0196L46
17)= 40185568
18)= o @17571r
192 0166450
203z L015776)
21)= + 149614
221z (11977
23)= e 013482C
24)= ,D12B111
29)= LC121823
26)= 3115926
272 451310393
28)Y= ,(1€52(0)
291 Lr1tules
112 47020689
2z ,0018723
3)= +5028291
4)z L003065¢
S1s +003785C
6)= .3045899
712 L0CS4R809
8)= 0068865
9)= LC(75122
1002 [ropeal2
110z LC098332
12¥2 4G110754
13)= o€ 123521
l14)2 (136453
15¥= .0149351
1632 42162395
1735 0174202
18)= LT185735
19)= 40196406
20 p2d60e2
21)= ,021449¢
220 o0221852
23)2 0227436
243 0231801
253 JC238742
26Y= 2236287
27¥= L023649¢C
28)= 3235435
29)= oJ023322¢



Fig, B-1 - Partial MARKQV Printed Output (for the
Shumagin Gap source only) (continued)

w01792240 c 1 <
«0029151¢ o ] 1
EARTHQUAXE PROBABILITIES FoR THENEXT 10. .C YEARS

PROBASILITY No. OF EARTHQUAKES of £ACH MASNITUDL
TeaB=8e2 Bel=8.8 8,8-943

«94:58687 0 0 n
«02625387 1 0 H
.01819287 0 1 9
«C0540068 2 0 ¢
.03332359 0 0 1
.09156169 c 2 ¢
.0?109676 1 1 2
«DJIC4BEBT 1 0 1
«00NDTENG 0 1 1
«02C0G0BC ¢ 0 2

EARTHQUAKE PROBABILITIES FOR THENEXT 15..0 YEARS

PROBABILITY NO+ OF EARTHQUARES OF EACH MAGNITUDE
7.8-8.3 Bal=teB 8.6-9.3

.91529242 0 0 n
.03441904 J
.02425734
® (C0965783
.00153597
«(0298314
«00196917
.03177790
«0009452¢
«02036501
.03022905
«05C19218
«0001778)
«0CJ16145
«£0901%79
«03321113
«320C0325
.09532219
«000C20LS

O O ML, NOONRL=ODODONO R
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Fig, B-1 - Partial MARKOV Printed Output (for the
Shumagin Gap source only) (continued)

e0Ca3456C
eR53S1358
e 00281754
200142564
«0007281¢
«00.58534
«02:48248
«00538:52
.05?347255
«D0ON32B3%
L0001210¢
o 00006431
«0940539%
«005C4850
® 0G9C3317
® 0Grc3c57
«000%237¢
«023020RE]
«02070785
#C200LNA3S
«QLCL292
«00N7C0162
«00(CD159
«002830186
«00J000L12

(SR T - WY

PO NOF ONRPRPR (GORLNWWEONOSNRE R~ WO
e DWN O O WRN D MNOR NHO (O WO ol
PSS

NN N MO O G- O

EARTHQUAKE PROBABILITIES FOR THE NEXT 2500 YEARS

PROBABILITY No. OF EARTHQUAKES OF EacH MABNITUDE
7.8-0.3 8¢3"B4BB.B=~F,3

.86765619 3
.04729732
«03373C78
.01731331
»D114R524
«20364897
«02830531
«0C36532°
.00191974
.02126568
00112206
«D5CT61°3
.0?26136>
+00254183
«00l51387
s07326651
.[31927:
WBI715247
«f0012781
#0C7C9271
L3 NT713
«027 759
e 87 N(5397
edJ 48]
002.023.7

B N R R A R AN

OFR N HMOWFE o OF ON OO mo C©
-~ e

SR S MW U WM ONON S S WEao - O

£ WN &= N



Fig. B-1 - Partial MARKOV Printed Output (for the
Shumagin Gap source only) (continued)
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Fig. B-1 - Partial MARKOV Printed Output (for the
Shumagin Gap source only) (continued)
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Fig. B-1 - Partial MARKOV Printed Output (for the
Shumagin Gap source only) (continued)
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Fig, B-1 - Partial MARKOV Printed Output (for the
Shumagin Gap source only) (continued)
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cig B-1 - Partial MARKOV Printed Output {for the
Shumagin Gap source only) {continued)
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Fig. B-2 - Disk Output from MARKOV
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APPENDI X C
ASSESSMENT OF | NPUTS FOR THE SEM - MARKOV MODEL

The inputs necessary for using a sem -Mirkov nodel canbe
obtained in the follow ng steps:

Selectt he zone for applying the sem -Markov nodel.
Define states and unit tinme.

Assess transition probabilities.

Assess probability distributions of holding tines.
Conpil e available historical seismcity data.
Define initial seismcity conditions for the zone.

o Ul B~ w N
L]

These steps were followed by the SRU participants in their
devel opnment of the seismicity and geology inputs to the
initial application of the SEl SM C EXPCSURE software package
to the Gulf of Alaska study region. A brief description of
each step follows. Volune Il of the project docunentation
di scusses in detail the process of inplenentation of the
sof t war e.

C.1.0 SELECT ZONES FOR APPLYI NG THE SEMI-MARKOV MODEL

Zones are selected prinmarily on the basis of spatial patterns
identified through historical seismcity of the study area.
For exanple, seismic gaps recognized in the literature may be
the zones of interest selected for the study. Each zone
shoul d be capable of generating |arge earthquakes as defined
by the user.

C. 2. O DEFI NE STATES AND UNI' T TIME

Interval s of earthquake magnitude are used to define discrete
states of a sem -Markov process. The width of each interva



shoul d be constant. The width should be selected such that no
more than four states are defined in the magnitude range of
interest. Values in the range of 0.2 to 0.5 may be reasonable
for a given interval wdth.

A unittimeselected fOr the nodel should be snmall enough so
that the probability of two or nore transitions (occurrences)
of large earthquakes in unit time is negligible and |arge
enough so that only a limted nunber of transitions need to be
anal yzed during a selected period of interest. Typica

choices of unit time are 2 to 8 years.

Because the upper range of holding times between great
earthquakes may be 200 years or nore, historical seismicity
data of about 80 to 100 years are generally inadequate to
provi de reasonabl e esti mates of the paraneters of a semi-
Markov nodel. A Bayesian procedure, therefore, is utilized in
the MARKOV programto conbine historical seismcity data and
expert judgments.

The mathematical theory for doing this is described by
Pat war dhan and others (1980). Steps 3 and 4 involve the
assessnment of expert judgments in the form of subjective
probability distributions. Step 5 describes the analysis of
historical seismcity data.

C.3.0 ASSESS TRANSI TI ON PROBABI LI TI ES

A transition probability, pjjj,is the Iikelihood that the
magni tude of the next large earthquake will be M 9iven an
eart hquake of magnitude Mat the present tinme. Tg obtain

Pij¢ the continuous probability distribution of the nmagnitude
of the earthquake follow ng an earthquake of nagnitude Mis

first assessed. This continuous distribution is then divided
into discrete intervals defined by the states. The program

c-2



MARKOV requires four fractiles (0.25, 0.50, 0.75, and 1.0) of
the earthquake magnitude follow ng an earthquake of magnitude
Mfor each i within each zone.

C.4.0 ASSESS PROBABI LI TY DI STRI BUTI ON OF HOLDI NG TI ME

The probability distribution t,, (n) specifies the probability
that the holding tine between two successive earthquakes of
magnitude in state i (M) and state j(My) , respectively, is m
units of time. A continuous probability distribution of the
holding time is assessed. Wthin the program the continuous
distribution is subdivided into discrete intervals at selected

time increments to obtain t, (m. The program MARKOV
requires the four fractiles (0.25, 0.5, 0.75, and 1.0) of the

holding tinme between Mi and M for each i and j within each
zone.

C. 5. O COWI LE AVAI LABLE HI STORI CAL SEISMICITY DATA

The date and magnitude of |arge earthquakes that occurred in
each of the zones are tabulated available records of

historical seismcity. This information is then analyzed to
obtain all the instances in which an earthquake of nagnitude
M followed an earthquake of magnitude M. The data are
finally sunmarized in two tables: one show ng the magnitudes
of earthquakes that follow an earthquake of magnitude M for
each i and the other showing the holding time in years between

successi ve earthquakes of magnitude M and M.

C.6.0 DEFINE | NI TIAL SEISMICITY CONDI TIONS OF EACH ZONE

The magnitude of the last l|arge earthquake (M) in a Zone and
the tinme elapsed since then (to) define the initial seismcity

conditions of the zone. The historical seismcity data in
Section 5.0 are used to estimate M, and to.



€.7. 0 DI SCUSSI ON

The steps required to prepare input data for a sem - Markov
characterization of |large and great earthquakes have been
outlined. The essence of the seni-Mirkov nodel as inplenented
in the MARROV programis that it provides occurrence
probabilities of various magnitude earthquakes that are based
on an interplay between what has been seen historically to
occur in a region, the perception by experts of that record,
and how it mght relate to projections of future seismcity.
Hence, the devel opnent of the priors on the nagnitude
transitions and holding times requires consistent checking for
i nternal consistency.
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