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SUMMARY

This report describes a set of computer programs - called GLDLSS -
which produce chronological listings of seismic events with estimates of
the arrival time of the P and L waves, phase velocity of the P wave,
distance and bearings, at selected recording stations. The formulae and
equations involved in- the computations are described and the input, output
and data storage arrangements are explained.

1. INTRODUCTION

A number of centres, throughout the world, collect data from
seismic stations and use them to compute the origin time, position (epicentre)
depth etc of all events for which they receive sufficient data. The United
States Coast and Geodetic Survey (USCGS) {1}, and Bureau Central Internatiomnal
de Seismologie (BCIS) for example, publish epicentral data of some 600U
eveits per year, GEDESS was designed to store these data month by month
and to link with a companion program called SORTER, which enables events
to be sorted and listed in accordance with criteria required for specific
research programmes, GEDESS is also used to produce a routine monthly list
of earthquakes for distribution to the following centres:-

Blacknest - AWRE

EKA Array Station -~ Eskdalemuir, Scotland

YKA Array Station - Dominion Observatory, Ottawa,

Canada

GBA Array Station - Bhabha Atomic Research Centre,

(Gauribidanur) Bombay, India

WRA Array Station - Australian National University,
’ Canberra, Australia

International Seismic - Edinburgh, Scotland
Centre (ISC) ‘

Durham University
Aberdeen University
Kew Observatory

ISC, Brazil

Brasilia Array Station

School of Cosmic Physics

Dublin, Ireland

Bureau Central Inter- Strasbourg, France

natlonal de Seismologie
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Since July 1964 one of two similar formats has been used. These
match the punched cards provided by USCGS. Format 2 is used for the monthly
printouts, but Format 3 is necessary if greater accuracy of co-ordinates
is available and required. These formats are as follows:i-

FORMAT 2 ' FORMAT 3
Columns 4 ~ 10 Origin Time (Hours, Columns 4 - 1V

Minutes, Seconds)

11 - 15 Latituce 11 - lo
18 - 22 Longitude , 18 - 23
25 = 29 Depth (km) 25 - 29
31 - 35 Magni tude © 31 - 35
37 - 41 No. of Values Used in 37 - 41
Computing the Magnitude
42 - 43 Seismic Region Number 42 - 43
44 ~ 46 PDE Card Number ‘ 44 - 46
47 -~ 49 Geographic Region Number 47 - 49
50 -~ 55 Standard Error 50 -~ 55
56.— 59 Number of Stations Used 56 ~ 59

in Computing the Epicentre

60 ~ 64 Date (Month, Day) 60 ~ 64
68 - 74 Identification Number 68 - 74
75 - 80  Dbate (Day, Month, Year) 75 ~ 80

3. . OUTPUT
The oﬁtput from GEDESS can be obtained in the form of tape,
printout or $C4020 output (both microfilm and hardcopy). The standard

form of output is printout on 14 in, wide unlined paper.

The program estimates the parameters at the recording station
of seismic events. All versions of the program compute:=-

Phase Velocity (velocity across the earth's surface at the
site)

Estimated Time of Arrival (ETA) of the P phase (or PKP)
. Distance )
)
Back Bearing ) Definitions in appendix A.
)
)

Azimuth




The programs were developed by one of the authors (J.B. Young) }
from an original program written by T.L. van Raalte. They are written in \
FORTRAN IV for the IBM7030 (STRETCH) computer. From any given epicentre ﬂ
and station co-ordinates GEDESS computes the azimuth, back-bearing and :
angular distance between epicentre and recording site, The travel times
are found from the computed distance by interpolation in the travel
time tables; adding this travel time to the published origin time gives
the estimated time of arrival at the corresponding stations. Phase
velocity, predicted ground velocity at period T = 1 s and predicted

log % (for P waves) are also computed for each station included in GEUESS,

The following sections describe the physical counstants, tables, corrections
etc necessary, as input, for these computations.

2, INPUT
2.1 Data

- Two kinds of input are required for GEDESS:~
(a) Standard information required by all versions, as follows:-

3
Constants of the earth's dimensions _ |
Table of amplitude as a function of depth and distance ﬂ
Tables of travel times for body waves -~ P and PKP i
Correction factors for ellipticity \
List of seismic and geographic regions i
List of recording sites. |

(b) Hypocentre data: Any available hypocentre data can be used.
The routine monthly output of worldwide epicentres is prepared {
from the USCGS summary of preliminary epicentres (PDE) obtained '
in punched card form; the monthly output for epicentres in and \
around Europe is taken from "Determinations Preliminaires"

published by Bureau Central International de Seismologie (BCIS). :

2,2 Formats

There are 3 input formats in use. Format 1 is used only with
cards punched for the original form of the program, when these are used
in conjunction with the SORTER.

FORMAT 1 !

Colurns 2 - 4 PDE Card Number
6 - 11 Date (Day, Month, Year)

; 13 - 20 Origin Time (Hours, Minutes, Seconds) . |
'* 22 - 26 Latitude

' 27 - 32 Longitude |
il 34 ~ 36 Depth j
4 . 37 - 39 Number of Stations Reporting ;
1 41 - 43 Magnitude §

72 Name of the Area




6.  NUMBER OF STATIONS USED TO COMPUTE MAGNITUDE
7.  STANDARD ERROR
8. NUMBER OF VALUES USED IN COMPUTATION OF EPICENTRE
9,  SEISMIC REGION NUMBER
10.  GEOGRAPHIC REGION NUMBER
11, PDE or BCIS CARD NUMBER and YEAR
12, MONTH (or MONTH and DAY) and YEAR
13.  EVENT NUMBER and YEAR
14, ESTIMATED TIME OF ARRIVAL
15,  DISTANCE : .
16.  TRAVEL TIME - P, PKP or L,

17. PHASE VELOCITY

18, AZTMUTH and BACKBEARING

4, DATA STORAGE
4,1 'Long term

. This type of storage is primarily punched cards and contains
the input information for GEDESS., There are four separate groups containing:-

(a) Input tables - as listed in section 2.1(a) ~ stored on
tape for some versions and punched cards for others.

(b) List of seismic stations - this is a catalogue of stations
with their co~ordinates and contains both USCGS and Long Range
Seismic Measurement (LRSM) stations. This catalogue, which is
regularly updated, is also stored on tape. Both punched cards
and tape are required for all versions of GEDESS, except one
which uses punched cards only.

(c) Source data - USCGS Preliminary Determination Data are kept
in 2 forms: :

Format 1 for 1963, 1964 and 1965.
Format 2 from July 1964 to date.

BCIS Determination Preliminaire Data are kept in Format 2 from
November 1965.

'

Hypocentre data are also képt on tape in two ways:-
(1) Tapes containing data for 1 year only,

(ii) Tapes containing as many years as possible,




In addition to this information, some versions of GEDESS give

_the expected peak/peak ground velocity, and the expected log A/T, where
A = amplitude in microns, T = period in seconds.

Other versions omit the predicted amplitude data, and give
the estimated time of arrival for surface waves (LR) at period T = 40 s.

The output includes site information for each event, printed
adjacent to the corresponding hypocentre information. The page width

available is 128 characters of which columns 2 to 62 contain the hypocentre

informatioun, and columns 63 to 127 the site data (details of the various
forms of printout are given in appendix A). The pages and events are
numbered in sequence afresh at the beginning of each year. The program
is so arranged that both page numbers and event numbers are stored on
tape at the end of each month's output, and the sequence of numbering

is continuous from month to month, The sets of input tables, referred to
in section 2, are printed annually in pages 1 to 36. Event data follow

commencing on page 37, and the system is arranged to start each day on
a new page,

The events are listed in chronological order of origin times,
consequently arrival times can be out of chronological order. These are
indicated by an “equals'" sign to the right of the ETA. This, and otier

symbols used to warn users of possible counfusion, is explained in appendix
A,

A plot of each month's epicentres is produced on a Mercator
projection of the world; centred om the Pacific Ocean. Event plots.on a
Azimuthal Great Circle Projection are also available for each of the 4
UK arrays. Both maps are produced on the SC4020 and all epicentres are

indicated by the letter E., These plotting routines are described
elsewhere (2], '

Two companion programs are used in conjunction with GEDESS. One
is the Tape Manipulative Program (IMP), to produce GEDESS in conjunction
with the USCGS data. This program is run monthly; it produces 2 versions
of output with a single computer run, and updates the storage tapes at
the same time, The other companion program is SORTER which is used in
conjunction with a special version of GEDESS (see appendix A). Any data
available can be used with the SORTER, so long as it conforms to one of
the formats described in section 2.2. The most convenient data are

described in sertion 4.1,

Events can be sdrted according to the following criteria:~-
1, YEAR ~ By choice of tapes
2. TIME -~ Time of day (Origin)
S. LAT and LONG - Region search

4, DEPTH

Se MAGNITUDE

C






4,2 Short term

. Tapes containing the GEDESS output information are retained
for a maximum of 6 months,

S CONSTANTS, FORMULAE AND CORRECTIONS
5.1 Constants

The following constants are used in the GEDESS programs:=-

e o A

A = equatorial radius of the earth = 6378.160 km

B = polar radius of the earth

6356.775 km

6371.024 km

R = radius of the sphere of equal volume to

the earth (the mean sphere) ) f
! b
E = the flattening factor (ellipticity) = §§§£E§ = (0.003353) |
G = the geocentric factor = 0.,993305
H = depth interval (used in Jeffreys' and = 63,3802 km

Bullen's tables [3])

A and E are both obtained from Wilkins [4]. The remainder of i

the constants are derived by the following formulae:-
B = A{l - E} ‘ R= 3/a%3
= B2/A2 | - R=33
G = B</A H 100 *
5.2 Fdrmulae

(a) The formulae for distance (4), azimuth (AZ) and back |
bearing (BB), are calculated with reference to the geocentric !
latitudes of the epicentre and recording station. For this
purpose Modified Direction Cosines are used, as follows:-

A = cos $; cos A
B = cos ¢, sin A

C = sin ¢1,
where A, B and C are the modified direction cosines,
A is the east longitude from Greemwich,

¢, 1s the geocentric latitude, '

¢ is the geographic latitude,

and tan ¢, = G.Tan ¢, where G = 0,993305,




vy

A similar set of modified direction cosines: a; b and ¢
refer to the recording station. '

The formulae used in the program are:-

cos DIST = aA + bB + cC

sin AZ = - {aD + bE} cosec DIST
cos AZ = - {aG + bH + cK} cosec DIST
sin BB = - {Ad + Be} cosec DIST
cos BB = - {Ag + Bh + Ck} cosec DIST,
where D = sin A

E = - cos A

G = sin ¢, cos A

H = sin ¢1 sin A

K = - cos ¢1.

(b) Formula for predicted peak to peak amplitude

Predicted amplitude is derived from the average (USCGS)
magnitude, using the equation from Gutenberg and Richter [5]:-

m=]ng{%}+q,

Vhere A = amplitude in micromns,
T = period in seconds,
Q = depth/distance function.

(c) Formula for phase velacity

Phase velocity is obtained by evaluating the reciprocal of
the differential coefficient of the travel time curve at tabular
points, and then interpolating to obtain precise value,

Figure 1 shows three adjacent tabular points: f

fo and
£,. The gradient to the curve at f is fé,

..1’

where f; = tan 6 =
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Lo N

]
2

h o

=
@
c
=
™

!

This is sufficiently accurate over short ranges of the
curve, and corresponds with the first term for gradient given
in Interpolation and Allied Tables [6]. Tabular values from
Jeffreys' and Bullen's tables [3] are used in the formula

F,, = 2H km/s,

3 Tegany ™ Y=

vwhere F is the phase velocity,
T is the travel time,
H is the number of kilometres in a degree of latitude,
the range of 1 is from 0 to 3,
the range of j is from 1 to 2.

By this means a small table of values for F;., is computed,
in which 8 travel times are used (see figure 2) tO0 produce four
values F,,, F,, F,, and F,,. Interpolation is then performed
using equation (4) {described below).

10
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(d)

DISTANCE

Interpolation for travel times and phase velocity

Values of travel times are given in the Jeffreys' and Bullen's
tables [3] at degree intervals of distance and depth intervals

of one hundredth of the earth's radius, from the Mohorovicic
Discontinuity (0.0) down to a depth of 0,12R, as well as travel
times for events on the surface, Epicentres are quoted by USCGS

to 0.1° of latitude and longitude and to 1 or 2 km depth. It is
therefore necessary to interpolate between tabular values.

?
" ¢

(@) 0O

|

O (2

FIGURE 2

A
[ J— :}\

L

L]

._@ i

DEPTH
FIGURE 3
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Figure 3 represents part of a large matrix of tabular
values in which T,,, T,, etc are adjacent tabulated values,

T1 is a value between Tll and le,
T2 is a valuc between T21 and T22

and T is a value between T1 and T2.

To obtain the required interpolated value T, 3 interpolations
are necessary: for T,, T, and finally for T,

Interpolation and Allied Tables [6] gives Bessel's
interpolation formula (first 2 terms) as

=Y + Pdl/z’

yP
where =T
yp ’

or %‘.... the fraction of interval required,

E

p =

61/2 is the difference between adjacent table values,

viz, (le - Tll) etc,

From figure 3 it can be seen that

a t-
Tl =T11 +A(T12 “Tll) ooo.oo(l)
T, =-T,, + (T T..) (2)
2 21 ¥ 3T = Ty | ceeene ,
T=1T 4201 ~1) (3)
41 B 2 1 L] ¢ @8 000

By substitution from (1) and (2) in equation (3), and using

a s
e DDEPTH

=|o

= DDIST,
the equation simplifies to

T = T,, + DDEPTH (T,, = T,}) + DDIST (T,, - T ,)
+ DDIST x DDEPTH (T, = Typ = Tpy + Tpp)e eeoees(d)

Hence the interpolated travel time T is obtained, Similarly

by using the F values referred to in section 5.2 in equation (4),
the phase velocity 1is obtained.

12
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5.3 CORRECTIONS

- 5.3.1 Ellipticity

, Travel times from Jeffreys' and Bullen's tables [3] are for the mean
sphere. GEDESS makes an ellipticity correction to obtain conditions nearer
to those for the true earth, Bullen [7] gives

6T = £(a)(h_ + b)),

where 6T is the required ellipticity correction,
f(4) is a function of distance - tabulated by Bullen in "Encyclopaedia
of Physics" [7],
h is the height of the epicentre above iLhe mean sphere,
h? is the height of the station above the mean sphere,
h  and h) are obtained from the equation

h = E.R(1/3 - sin? $,2171,

where E is the ellipticity,
R is the radius of the mean sphere,
¢y is the geocentric latitude,

Ellipticity correction is made for the P phase for distances from
0° to 110°. No correction is made for PKP (110° to 180°).

5.3.2 Station

. GEDESS has an option for applying station corrections for both
amplitude and time. Methods for determining time corrections have been
described by Cleary and Hales [8] and by Douglas [9]. A method for
obtaining amplitude corrections is described by Carpenter, Marshall and
Douglas [10] using explosion data.

6. SURFACE WAVES

The ETA of Rayleigh waves of pericd T = 40 s is provided in the
routine versions of GEDESS. This period was chosen because its group
velocity is less likely to be affected by local crustal structure; the
quoted ETA will be almost the same whether the phase travels by oceanic
or continencal transmission path. To compute the ETA, GEDESS uses the
value

dt .

T 0.4674 * 0,0011 min/degree,
obtained from Sir H. Jeffreys', "The Earth'". Any other value of %% can be
used to satisfy specific research programmes.
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APPENDIX A

GEDESS

AL, GEDESS VERSIONS

Gl

G2

G3

G4

G5

Produces arrival data of P or PKP phases at up to 10 stations.
It also provides predicted amplitude data, based on the

USCGS average values of mp. This program is used to provide
information for the four UKALA array stations EKA, GBA, WRA
and YKA,

Produces arrival data of P or PKP phases and the surface

wave Lp (for period T = 40 s). It can be used for a maximum
of 1000 stations.

Is the general form of GEDESS and has great flexibility,

It produces either of the Gl or G2 forms, as required, and
can be used with any of the formats described. This is usea
for special purposes, such as the expression of distances
in kilometers and is available for up to 3000 stations.

Is the program used to printout the production of SORTER
and can be worked in any form previously described.

Is a special version of the general program, also written
in the FORTRAN IV dialect, in a form suitable for use on
computers other than STRETCH.

A2, . GUIDE TO PRINTOUT

There are two parts to the routine printout: part 1 (pages 1 to
36) which is produced annually and part 2 (from page 37 onwards) which
begins on the lst January each year and is produced monthly. The conteunts

are as follows:~

PART 1

Page 1 Title,
List of constants,
List of contents of GEDESS.

Pages 2 - 5 Table of amplitude, as a function of
depth and distance, for PZ. The table
was obtained from "LElementary Seismology"
by Richter (figure VIII - 6 on page 668),
and is arranged to match the travel
time table for P [3].

Pages 6 - 9 Table 2A contains travel times of P - for

distances from 0° to 110°, This table is
obtained from Jeffreys' and Bullen's
"Seismological Tables" [3].

15




Pages 10 - 12 Table 2B contains travel times of
' PKP, for distances from 110° to 180°
[31.

Page 13 Table 3 contains the distance function
for ellipticity correction. See
"Encyclopaedia for Physics' (table 3
on p.96) [7].

Pages 14 ~ 35 Table 4 Seismic and geographical regions,
from "A Proposed Basis for Geographical
and Seismic Regionalisation" by A.E. Flinn
and E.R. Engdahl [11]. Each seismic region
contains a number of geographic regions.
For convenience of the Blacknest programme
some geographic regions are underlined
in various ways. The significance of the
under lining is as follows:i~

*%% Part of the USSR, Eastern Europe and China
TTT Region including a known Test Site,

Page 36 Table 5 is a list of the seismic recording
stations used in GEDESS, together with
their co-ordinates, and corrections where
available.

PART 2

Lists of earthquakes, hypocentre and site data. Each day begins

on a fresh page with a set of column headings, which are in two parts as
follows:-

(a) HYPOCENTRE DATA - from EVENT NO to NO OF STNS USED.

(b) SITE DATA - from STN to right-hand margin,

The routine epicentre data is supplied as input to the program

from USCGS summary cf epicentres (PDE) and from BCIS "Determinationms
Preliminaires®.

The site data are output from the program. Headings are printed

at the start of each day, whilst the code numbers, date and page numbers
are printed at the top of each page. :

(a) HYPOCENTRE DATA - is printed in two lines, one above the
‘Othero

-

Top Line:-

EVENT NO =~ a count of events from the beginning-
of the year,

16




in Universal Time (GMT) is used

ORIGIN TIME
for obtaining a chronological

H sequence of events.
LAT LONG - the coordinates of the epicentre.
DEPTH
- as quoted on the PDE cards.

KMS i

MAG - magnitude - USCGS average as quoted
on the PDE cards.

CGS ' »

NO - the number printed beneath the
magnitude is the number of stations

" used to produce the average value
quoted, The USCGS constraint is tnat
“all stations magnitudes should lie

within 0,7 of the average magnitude.

SE ' - is the standard error of the time
residual (in seconds) for the data
used,

NO OF STNS - is the number of stations used by
USCGS to compute the epicentre.

USED

Lower Line

CARD NO - the number of the PDE card on which
the event has been listed by USCGS
(or BCIS card number).

REGTION - each seismic region contains a number
’ of geographic regions, both of which are

printed under the heading REGION, The
geographic region number is printed
in line with and to the left of the
region name, The seismic region
number is printed below the geographic
region number, Note: Some regions
~are underlined as previously described.

(b) SITE DATA - in this half of the printout, one line is used for
i each seismic recording station included in table 5 (Part 1 - p.36).

i

STN - code letters of recording statiomns
(USCGS) '

PHASE VEL ~ 1is the velocity of the P wave across
the earth's surface at the station and

KMS /SEC is quoted as follows:i~

17



TIMES -
ETA
GMT
§ ( DIST -
i (
(
4 ANGLE (B -~
| (
§ (¢
{ (
? (az -
(
1 PK/PK VEL } -
X 10=5 cM/SEC J

LOG A/T -

can be in either form.

0° - 110° - velocity of P to

0.1 km/s. 110® - 180° - velocity

of PKP to 2 figures. Note: Values
in excess of 100 km/s are printed
as 100 km/s.

the estimated time of arrival (ETA)
calculated by adding the J and B
travel time to the USCGS origin
time and correcting for ellipticity,
A star (*) after the ETA signifies
that the time quoted is on the day
following the date printed at the
top of the page. An equals (=) sign
after the ETA signifies that it is
not in chronological order, This
may occur because the list is

chronological with respect to origin
times.

Brackets ( ) enclose ETA's where

the distance lies between 100° and
115° to warn the user that the time
quoted may not correspond with the
first arrival at the station concerned.

is the great circle distance between
epicentre and recording station.

is the back bearing - station to
epicentre in degrees ~ measured in
degrees East of North.

azimuth is a similar angle - epicentre
to station measured in degrees East
of North.

"is the value q which when multiplied
by 103 expresses the peak to peakground
velocity in cm s~1 - where q = 40n (A/T) ~
and is predicted from the USCGS magnitude.

It is given to an accuracy of two
significant figures,

is derived from the magnitude where
A = }PK/PK amplitude in mp,

T = period of oscillation in seconds.

The foregoing describes the Gl and G5 printouts. In the G2 and
G2E versions the columns PK/PK VEL and LOG A/T are omitted, and
the ETA for Rayleigh waves LR(3.97)* are printed adjacent to the
ETA for P or PKP. Consequently the angles - DIST, BB and AZ are
moved over to the extreme right of the printout. G3 and G4 printouts

T=403.

18
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A3,

BINARY CARDS (

PROGRAM DETAILS

Each version -of the program incorporates the following
introductory cards:-

Job Card
TYPE GO FORTRAN

I0D CARD )
REEL CARD )

( FIOD CARDS
( following lists)
Branch Card

TO

in pairs according tc computing requirements

SETS of Program Cards, according to version in use {see

Station Cards ... To call stations required

FROM

Data Cards

Note: GEDESS is intended as a flexible system of computer programs. The

program listings published in this section will therefore vary to accommodate

new requirements and can only be taken as a guide to the system,

Gl List of Subprbgrams

INTRODUCTORY CARDS

MG1

GX1

GS1

GD1

GP1l

GGl

GC1

GT1

GL1

MAIN
SET UP
GEDESS

PICKING LIST AND MAPS

GEORGE
CONSTANTS
TIME

LINEAR

Calls MAIN program

Sets up tapes, counts etc
Tables set up for use
Produces printout

Produces list of P, PKP on Gl (also
calls map program)

Geocentric values = DIST, AZ, BB
Modified cosines etc for GEORGE

ETA's for P, LR, Also phase velocity

"Interpolation for TIME

19




Predicts ground velocity and log A/T
Look up where mecessary N
Computer running time

Uses SC 4020 to produce
epicentres on azimuthal map

oMl MAGNITUDE
'GRL ° REGION
GK1 CLOCK
APMAP )

APCOD ) MAP

APPOL ) PROGRAM
SPACE )

Branch Card etc,

At present other versions are similar to Gl. The differences

are as follows:-

G2 .and G2E G3

i
i
63 G5 .
| .
- MG omitted MG omitted g
!
- ‘ GP omitted GP omitted %
- - GR omitted |
GM omitted - -
- - GK omitted
GP2 or GP2E ) No maps No maps
GQ2 or GQ2E ) "o map P

Note 1: The Sections GP2, GQ2 are used to produce plots of epicentres
on Mercator projections of the world in G2, and similarly GP2E, GQ2E for

the G2E version.

Note 2: The G3 version uses a set of tables in punched card form. This

is at the back of the deck, immediately after the branch card,

Note 3: G5 is the simplest version of the program and does not incorporate

the underlining of regions, and only works with punched cards.

G4 is a special purpose program of wide flexibility,

_INTRODUCTORY CARDS

GX4

-

GS4

SORTER ++... details in appendix B, section

Bl

MAPPING .... details in appendix B, section

20
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GD4
el
GC4
GT4
GL4
GM4
Brénch card etc.

Note 4: G4 also includes a set of phnch cards containing the input tables,
These come immediately after the branch card,
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APPENDIX B

ASSOCIATED PROGRAMS

Bl. SORTER

This program works in conjunction with GEDESS and acts as a
sub-program to the G4 version. It contains the following 6 sub~programs:-

UDS - Main sorter,

SUDS - Sorts §n data of a selected site,

COMPAR - Fixes limits of sorted parameters,

CONCOD - Converts latitudes to O to 180° from North Pole,
longitudes to 0 to 360° from Greenwich.

INPUT - Reads in data to Fofmat 1 Qr Format 2.

REGION - Seismic and geographic regiomns,

B2, | MAPPING

A program by Young and Douglas [2]- is used to provide maps which
show the location of epicentres, This operates with most versions of GEDESS
and the SORTER.

B3. TAPE MANIPULATIVE PROGRAM (TMP)

The program is written with special emphasis on the card image
(80 characters) GEDESS tapes. The Gl and G2 versions of GEDESS are
published regularly and require the same input data. TMP will produce
both at a single computer run., The use of G4 with the SORTER requires input
data in chronological order and TMP is arranged to update the tape stores
referred to in section 4.1(c).

‘The program is controlled by instruction cards which are read
as data, and a series of code words is used in conjunction with them, -

22
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97

3 " 26 SEP 66 PAGE NUPMBER 711
rYPOCENTRE CATA SIT1¢ CATA

EVENT ORIGIN TIME LAT LONG CEPTH MAG SE - NO STN PHASE . TI¥ES ANGLE

NGO OF VEL (P) ETA cIsy es | ¥4

CARD H REGION €GS STNS ' P QR PxP LR (3.97)

NO K¥S NC USED KMS/SEC GMT CEGREES

3657 3-35-57.9 4G 45 174, 8E 33 .0 1.9- 9 AAA 570 3-5u-4y¢&,¢ 4~33-32 121V 117.9 302.3

¢ AAB 57.0 3-54-446.0 4~33-24 12C.9 118,1 302.5

76 163 COOK STRAIT, NEW ZEALAMC AAC 100.0 3-55-£9.C L-54-57 147.C 1.5 326.6

1M AAE 59.0 3-55- 2,7 4-37-42 13C. 1 136,2 263, ¢

ALM 57.0 3-54-5C,.2 u-34-27 "123.1  2u3.3 60,2

ABA 100.0 3-56- 2.2 4-57-33 172.6 121.6 243,5

ABC = 640 2-55-121.C -yy-43 T4S,1 Tuw,2 228,1

ABK 70.0 3-55-217.,¢ 4-46-137 16,1 37.3 3u2.9

ABS 64,0 © 3-55-26.2 B-ylu-1¢ Tad,1 108.3 288.3

ABU 21.8 3-48-2C.9 4-15-u6 82,2 150.9 328.4

AD- 2u,2 3~49-~ l..] 4-19-60 9202 186.5 5.3

ADA 24,2 3-49- 4,C L-19-60 $2.2 186.5 5.3

ADH 100.0 3-55-55,2 4-53- 3 162.9 257.2 88.17

AF1 12.5 3-u1~-£c, 3-50-25 28.9 201.5 27.8

AGE 13.4 3-43-2%,¢ 3-55-20 IG.8 17,3 315.¢

AGR 57.0 {3-5u4-28.%) 4-29-13 11,9 125.,2 287,5

AHA 17.4 3-u46-40,.4 - 7-36 €5.7 204.7 3.1

AlA 17.3 3-46-3¢,2 k- 7-21 €5.1 " 228,2 156,.5

AID 22.0 3’“8“2"’0" . 4-146- 6 8309 'S!‘o‘ 332.9

AIK 22. 4 3-48-29.7 -16-36 4.9 152.8 33i1.8

AJT 2%e6 3-uB-14.E 4-15-13 82.0 153,3 331.1

AKH 64.0 3-55-2€.4 =44~ 1 142,86 105.C 287.9

AKU 81.0 . 3-55-4L.2 L=48~-U42 153,86 237.% 12.0

AKU Y 81.0 3-55-44,2 h-48-42 152,66 227.4 12.0

ALB 25.3 {(3-49-57.1) 4%-25-29 12,9 2231.2 35.9

ALE 60.0 3-55-11.1 4-39-32 134.8 296.9 8.8

ALG 100.0 3-56- 2.2 §-57-34 172.6 121.8 243.%

ALI 100.0 3-56- 2,12 4-59- § 175.8 120.7 2k2.3

ALM 100.0 3=56- 2.4 4-59- 6 175.9 149.6 212.1
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' 26 SEP 66 PAGE NUMBER 1
HYPOCENTRE DATA SITE DATA
EVENT ORIGIN TIME LAY LONG DEPTH MAG SE - NO STN PHASE T I MES - ANGLE
NO OF VEL (P) ETA CIST 88 Al
CARD H R EGION €GS STNS P OR PKP LR (3.97) :
©NO KMS NO USED KMS/SEC GMT DEGREES
3658 b-17- 2.V 37.4N 114, 2% 33 oC «9- 5 YKA 11.7 §-22-25.1= 4-29-4% 25.1 179.2 359.6
C EKA 18.% 4-28-15,2= 4-50-58 70.6 308.0 3.4
70 u] SUUTHERN NEVADA GBA 57.0 h-36- S." 5-‘7-52 ‘28.‘ 11.8 355&6
3 TTITTITTITVITRNT HRA 57.0 4-35-46.7= 5-13-26 118.6 57.6 265.9
3660 5-10-58.1 27.5N 92.6F 33 5.6 1.0- 35 YKA 23.1 5=-23-4k,1 5-52-55 87.7 336.0 12.3
8 EXA 18.5 5-22-13,.9 5-%5- 6 T1.0 69.2 323.3
67 313 INDIA-CHINA BORDER  REGION GBA 10.2. 5-15-28.5 5S-21-10 19.8 83,3 228.7
26 +wnsssesazessenasacasassns WRA 166 5-21-~18.5 5-40-58 62.1 318.0 13%.9
36061 6~ 3-uB.H 27.6N 92. 7€ 33 bo2 lo= 6 YKA 23,1 6-16-33,9 6-45-42 87.6 336.0 12.3
1 EKA 18.5 6-15— 4,1 6~-37-55 T70.9 69.1 323.0
T4 - 313 INDIA-CHINA BCRDER REGICN GBA 10.3 6- 8-~20.3 6-1b- 4 19.9 k3.3 228.7
26 SRRV SBEDRNADBIATIDARITRARS _WRA 166 6-14- 8.8 6-33-48 62.1 318.1 135.C
3664 7-13-11.3 37.3N 114,20 33 «Q te2- 7 YEA 11.7 7-18~35.3 7-25-56 25.2 179.2 359.6
¢ EXKA 184 1-28~24,9 7-47- ¢ To.6 307.9 In.%
69 41 SOUTHERN NEVADA GBA 57.0 T-32-14,.5 8-k~ & 128.2 11.8 3%5.5
3 TYITITYITTITTITINT WRA - 57.0 7-31-55.9 8- 9-35 118.6 57.7 265.9
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APPENDIX C

PROGRAM _LISTING

GEDESS 65
TYPF,COMPILF,F4
SHUBTYPE,LFINND
1NINN, SREADER
2DINND EPRINTER
3NEAND, £PUNCH
END
SURTYPF,FORTRAN :
GFNESS MATN PRNGRAM  (GX)

rm e - mem— mmwaa-- - an o

GENDESS -~ A FRAMEWNRK FOR PREDICTING ARPRIVAL DNATA AT SEISMIC STATIONS

THE MAIN PROGRAM SFTS P =

11  THF SYMAROLS REQUIRFN RY THF PROGRAM FROM THE CARD -~
FEMARAPRMAYJUNRJULAUGSEPOCTNOVDEC % = )} *)=) 1 2 ((1(? CNSEW TN FRNAM

2} THE CONSTANTS -

GIVFN A THF EQUATARTAL RANTUS
ELLIP  THF ELLIPYICITY FACTOR

THE PROGRAM COMPUTES THF DTHER CONSTANTS REQUIREN FADM THFSE TWw) -
R THF PNLAR RADIUS
R THE RADIUS NF THE MEAN SPHCERE
GFACT THF GENCFNTRIC FACTOR
ER  COMSTANT FOR COMPUTING HEIGHT AROVE MEAN SPHERFE
DH  JB TABLES INTFRVAL
PCONST DISYANCE IN YWD DEGREES IN KILOMETRES

AND ALSG Pl
NTOR DNFGREES TO RADTANS
RTNOD RADIANS 7O DFOGRFES °
CEX CONVERSION FACTOR FOR COMMON TO HYPERBOLIC LOGS

SECDAY SECNONDS IN A DAY
THIRDyRPOUND

3} THE COUNT CARD WHICH TS AS FDLLNWS ~
ChLS. 1-5 EVENT COUNT
COtSe €=10C PAGF COUNT (SFF &) .
& COLS.I1~13  NUMERTIC CODE FOR MONTH (NR BLANK)
oL, 14 STAR (*) NPTIONAL
COLS.15-17 ALPHANUMERIC CODE FOR MNNTH
CALS.1P-20 NUMEREC CDDE FOR YEAR (LAST TW0 NIGTTS)

* IF COLS.11-12 HAVE A NUMERIC CODE FOR MONTH [OTHFR THAN 2FRN)
THE EVENT CARDS ARF CHFRCKFD THAT THEY ARE FNR THAT MNNTH
AND ARF IN CHRDNNGICAL DRDER
1F COLS,11-17 7ERU NR BLANK THE EVENT CARNS ARE NDT CHECKFN

FAR NRDER
FEXAMPLES -
1356 11NNV 67
"t JuL 67
41 TABLFS TRY GS ~ GEDESS SETUP PRNGRAM)
IF THE PACF COUNT IS 7FR0O THF TABLFS ARF PRINTED OUT
5)  CALLS GENESS (GDY
A) PRINTS AND PUNCHES COUNT CARNS FOR FUTURE 1SE
€ OMMAN ' ITAPF,NTAPE.A'B.R.ELLIP'GFACT'ERyDH‘PCONST'
1 PTyDTORYRTNAN,CFX 3 SECDAY s THIRD,RNUND
COMMNON QE1l4,1110, PUL&,112), PKP(14,73), FD(IRQ)
CaMMNy NEVENT ¢ NPAGE , TMONTH g AMONTH, [YEAR , DAY,
1 MYE AR, MONTH yMNDAY s MHOUR,, MI N, SEC,
? HMONTH g NOAY o MHOURP ¢ MINP 4 SFCPyNTAN,
kl

FLAT DRCE AT 4 ELONG,DRCUNG, HO 4 NDEPTH,

“ DEPTHINIST A7 NA AR YNR, TTIME, PHASEV (VEL 4 ARY T,
UMAG N INRFG L TSRERLARN G SSF O NSTNGNC yNEP yKNFP,y
A TIME, TIMEDR, ATIME ,CTIMEL2N)

MmNy . NNSTNS, STNI29), SLAT 27}, SUONGL2YY,

A
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1 SAL20), SRUL20), SCUL20), - \
? SD12™)y SE'27),
2 SGE Y,y SHIPNY, SKU2M),
“ H1 (20}, FLFV(20) ‘
€ MmNy SREG(5450), GREG(6,T37%) 4 NGRFGLT3DY, NSREGLT30)
raMuny L TO.FRNMLC4CNeCS,CEsCHIBLANK, STAR, EQUALS,
1 BR-y STARR,FOUALA SYLA) fAMONTHI12), IND ¢
ITAPE = | . . §
NTARE = 2 "
¢ {
C READ IN SYMRNLS ' H
READ  TITAPE,F) (BMONOYATT ) 1=1,12) ,BLANK, STAR4EQUALS,
t AR, STARBLEQUALR ¢ {SY (L) 4121451 4CCNyCSyCE,CW,TD, FROM .
CWRITF (NTAPF,0) (RMANTH(T)Y,1=1,12)4BLANK, STAR,EQUALS,
A RR,STARBEQUALRISY 1) 41214601 4CyCMyCS, CE.CH'TO.FRO“
R FOQHAT(1X.1?A3.1?A2.?X'5A1.ZX'7ASl
.9 FNRMAT{1X,12AR/1Xy 17TAG/) X4 2AR) j
¢
C SET UP CNNSTANTS l
A = ARTR,1ED
ELLIP = 1,/29R,25
C .............................
D1 = 4,%ATANLY,) |
NINR=PI/1AC, 1
RTAN=1AN, /P . f
CEX = ALDG(10.Y : i
=A%, ~FLLIP)
R=FXP(((ALNGIN(AY+ALOGLO(AI+ALOGLO(R) 1 /3, ) %CFX)
GFACT=(B8%B]/(A%A) )
ER=ELLIPR , . o
DH=IR=-33,) /7100, 1
PCANST=(2,%P %R} /1RO, ;
SECDAY = 24,%60.%69, :
THIRD = 1./3, ‘ ‘ b
RAUYND = 0.5 . -
WRTTE INTAPE,1} :
1 FORMAT(1HY )
WRITE (NTAPE,2) AyByRELLIP,GFACT,ER,DH,PCONST, -
1 PIyDTORRTOD,CEX,SECDAY  THIRD, RNAUND H
2 FORMAT(2X+F16411)

WRITF (NTAPE.3)
2 FORMAYL/ 11110111711

f . C
X C READ IN COUNT CARD AND SETUP CPTION
q READ  (ITAPE.101) NFVENT,NPAGE,IMONTH,AMONTH, [YEAR

m rnnuAT(lx.lA.lS.t%.lHt Az,tz)
IND=1
IFUTMONTH) 110,1160,14C
. X 1 TN 2
3, . 120 D0 130 IMONTH=1,12 )
; TF? AMONTH=BMONTH? TMONTH) ) 139,150,139 -
135 CONTINUF .
FMONTH=0
1. AMANT H=BLANK
3 TND=2 . S . »
4 ' an TN 150 "

: 140 TECAMONTH-BMONTHT ITMONTHY $127, 150,129
41 15C  MRITE (NTAPE,1n2) NEVENT,NPAGE, [MONTH,AMNNTH, [ YEAR
: 102 FOPMATETS, 15,13,1H%,A3,13) ‘ ) ’

i € SET UP TARLES AND PRINT IE NPAGE,EQ.N : :
1 KTAR=1 ‘ :
3. TE{NPAGE) 160,160,170 : i
E 140 KTAR=2

NPAGE =]

WRITF (NTAPE,111) NPAGE

WRITE (NTAPE,112)

WRITF (NTAPE,113} ,

WRITE (NTAPE.112) i f

WRITF (NTAPF,114) LYFAR '

, WRITE (NTAPE,115) ;
1. HRITE (NTAPF,116) A,BRyFLLIP,GFACT,OH ]
1 WRITE (NTAPF,11T)
WRITE (NTAPE,118}
WRITF (NTAPF,119)

111 FNRMATLI3HIGENESS 65 2 100X, YIHPAGE NUMBER (13/127X/127%X/127X/ 111
11274 MR KRR AR ARAREREE KRR KR K 111
; . PR AR R R R T h Rk h ok ke ks ] 111 !
4 112 - FORMATY 112
11274 " 112
2 *- ) 112
113 ' R FORMAT 113 -
3 13 27H * G FDESS PRINTODUTY 113 *
) 2 F AP Y HQUAKE LI sy * : ) 113
; 114 : FORMAT Y 114
% 1 A4H KRk kR R kAR SRRk ke kR & 114 7
; P19, 124614 *«#*w**#*&#t***v?ﬁtt**ttt#*t**ttt lll. ‘ %
3 3 /127%/127X) 114 3
3 115 FORMATII27X/7127X/ 115 §
v, 1 GOXOHCONSTANTS ¢ 7TRX/GOX (Mt hbtecatk  TRX/V2TX) 115 I
?‘ YVA FORMAT(4NX, 33H EQUATORIAL RANINS NF THE EARTH =,F2,%,5H KMS ,4NnKk/ 116 3
4
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C
c

in)

o

OO0 OO NOON

laXel

117

119

170
19n
CAL
200
SET

22"
23"

104

anp

] 40Xy 23 POLAR QANTUS NF THF FARTH =,F0,%1,6H KMS 440X/ 116
? 40% 4 33H MEAN RANDTUS NF THE EARTH =,F9,3,5H KMS , 40X/ 116
3 12TX740X, 3K ELLIPTICITY =,FR,h,44X%X/ 116
4 40 433H CENCENTREIC FACTOR =,FR,6,566X/ 116
5 40X, 33H N.0LR (JR TARLES) =,FR.4y6H KMS 40X/ 116
6 127x/7127X) 116

FNORMAT (4" X, 3THCONTFNTS 150X/ 117
1 G0Xy3THRGRGEAR S 1 50X/127%/ 117
F] 4OX 3THTARLE 1 PAGE 2 Q FAR P? 1956 45n%x/ 117
1 40X 3THTABLE 2A PAGF 6 P J8 1953  ,50v/ . 117
4 40X, 2THTARLE 2B PAGE 10 PKP 4B 1968 150X} 117

FAPMATI4AX, BTHTARLF 3 PAGF 13 FID) ELLIPTICITY CNRRECTION 118
15 / 118
? GOXyBTHTABLE 4 PAGE 14 SEISMIC AND GEOGRAPHICAL REGION 118
3s / 118
4 40X ATHTABLF & PAGE 136 STATTONS 118
[ 7121x/ 118
6 4N RTH PAGE 37 EARTHQUAKE LISTING 118
7 / 118
[ 40X RTH ONWARDS 118
9 | 118

FORMATIL27TX/127X/ 127X /127X /127%/ ‘ 119
11274 wekk ks FOR FURTHER DETAILS ANO FULL 119
2 FXPLANATINN SEE GEDESS RFPDRT &tfkikdnsk ) 119

CALL GS{KTAG)
INAY=0

L GENESS

CALL 6D

CAUNT CARNS FNR FUTURE
NFWENT=NEVENT
TMONTH=TMONTH+1

USE

TFLIMONTH-12)220,220,210

NFWFNT=0
NPAGE=N

S ITMANTH=1
IYFAR=IYFAR+]
AMONTH=BMONTH( TMONTH)
GO T (230,300} 4IND
WRITFE {NTAPE,1)
WRITE (NTAPF,3)

WRITE {(NTAPF,1N2) NEWENT NPAGE, [MDNTH, AMONTH, I YEAR

WRITE (2,17°2)
WRITFE (2,1r4)

FORMAT(IS,15,4%X,A3,12,54X,A43,13)

"ETURN

SURTYPE,FORTRAN

GENESS SETUP RMITINF

RFANS IN AND SFTS ye

USES KEY -~ KTAR .

SUBROUTINE GS{KTAB)

TABLE

TABLE
TABLF
TABLE

TARLE

TABLE

1

NEWENT ¢ NPAGE s TMONTH ¢ AMONTH, [ YEAR
NEWFNT o NPAGF, AMONTH, TYF AR y AMONTH, [YFAR

(GS)

MAGNTTUNE Q A FOR P2

« ~FORMATI1X414F5.1)~

?A

2R

3

4

s

P TRAVEL TIMFS

~FORMAT{1X,14F5,1) AND FORMAT(2X,7F10.2%~
PKP TRAVEL TIMES

~FORMAT(IX,14F5.1) AND FORMAT(2X,7TFIN,2)-
FLLIPTICITY CNRRFCTIONS

~FORMAT(2X 410FT7.4) -

REGIONS

~FORMAT( 201X +21341X,4A8) )~

STATIDNS

~FORMAT(1X4A5,30H .
AHLAT ) F1046¢5H LONGyF1la645H FLEV,F6.3) =

PRINTS OQUT YABLES IF KEY IS 2 - SEE GX FODR SETTING.

CAMUON ITAPE,NTAPF,A,B,R,ELLIP GFACTVER,DH,PCONST,
1 PT(NTNR (RTAN,CEX,SECNAY, THI RN, ROUND

€ OMMON G114,111), P(14,112), PKP(14,731, FD{180})
CAMMNN NEVENTNPAGE,GEDS(65)

COMMON NOSTNS, STN(20), SLAT(20}, SLONG(201,

1 SA{20), SB(20), SC(20), '

2 SNL20), SF(20), '

2 SHI20), SH(27), SK(201,

4 HL(20}, ELEV{(20)

COMUDN SREG(5¢50)y GREGU&4,730), NGREGUTIN), NSREG(T30)
COMMON YOy FROMyCoCNyCS o CFyCWBLANK,STAR, EQUALS

NIMENSTON HNAME(6) yBNAME (4) JLAREL {112),MINP(14),SECPL14]

ANAME = BLANK
N ANA [=1,720
STN(T)=RLANK
SLAT(T)=0,

SLONG! 1=, -

CONT INHE \
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C

€ RFAN O TARLF '
1NO0 PEAD  (ITAPE,911) HNAMF

READ  (1TAPEL212) ({(QUINEPTHINIST) INEPTHel 414}, LABELCIDISTY,
1 N1 ST=1,1'1)

an 1005 [01ST=1,111

TECLARELITDISTI=IDISTH1)101T,)P05,101N

1705 CONVENUF

M

C

G613 TN (2000,1015),KTAB
N WRITE {NTAPE,9M)
sTop

¢ PRPINT O TABLF

191

1n2

103
174

115

5 LPAGE=1
1. INF=0
NPAGE =NPAGF41
WREITE (NTAPF,913) HNA&MF,NPAGF
WRITE {NTAPE,9)4)
DA 1060 INTST=1,111
IDIST=IDIST~1
LINE=LINFe]
C WRITE INVAPE915) UNDTUST(OTINEPTH,,IDIST)INEPTH=1414}¢JDIST
TF(INIST-30&LPAGE)LIG3C,175D,1050
0 IFILINE=5)1060,1040,1040
N WRITE INTAPF,914)
L INF=0
GN TN 1060
C L PAGF=LPAGE+]
NPAGE=NPAGF+1
WRTITE (NTAPF,913) HNAME.NPAGE
WRITE (NTAPE,914}
GO TO 1029

1060 CONTINUE

TRAVEL TIMES ARE READ IN AS DEPTH ALLNWAMCES AND TIMFS FOR SURFACE FOCUS

C READ P TABLE
2060 IND=D

READ (ITAPE,911) HNAME

READ  'ITAPE.S12) U{PUINDEPTH,INIST) INDEPTH=x1,14), LAREL!IDIST]),
1 IDTST=1,112)

READ (YTAPE,911) HNAME

READ (ITAPE(922) (P(1,IDIST),IDIST=1,112)

DO 2020 IDIST=1,112

nO 2010 IDEPTH=2,14

°(IDFPTH'IDIST)=P(1vIDiST’-P(YDEPTH.IDIST)

2010 CONTINUF

FRFILARELIIDISTI-IDIST+112M55,202042055

2020 CONTINUFE

KNIST=n

LNDIST=1

MATST=111

6N YN (2030'2060),KTAB

C RFAD PKP TABLE
2730 IND=1

2040

2050

2Nn55
c

READ  (1TAPE,911) HNAME

REAN  (IVAPF,Q12) ((PKP(INFPTH,IDIST},IDEPTH=1,14},LABEL(IDISTY,
1 INTST=1473)

READ (IVAPE,911) HNAME

REAN  (TTAPE,922) (PKP{Y,1DIST),IDIST=1,73)

BN 26597 IDIST=1,72

NN 254" IDEPTH=2,14

PRELINEPTH, IDTIST) = PKD(leDIST)-PKp(lUEPTH;lDISTl
CONT INUF
TR(LABEL(TDISTI=IDIST~128120554205042055
CONTINUE

KN1ST=110 ’ v
LOIST=114

MNISY=184

60 TN (2500,2060) KTAB

WRITE (NTAPE,902)

sTopP

C PREINT TRAVEL TIME TABLES

2060

2010

208n

LPAGE=]

L INE=0

NPAGE=NPAGE+]

WRITF (NTAPF,Q13) HNAMF,NPAGE

WRITE (NTAPE,923)

no 2127 (01ST=LDIST,MNIST

ND 2070 INDEPTH=1,14
SECPLIDEPTHI=P { IDFPTH, INISTY
MIND(IDEPTHY=SECP(INEPTHI*Q N1 A666667
GFCP(‘ﬁFDTH)xABS(SF(P(YWFPTN)~FLOAT(MINP(IDE°THI"60 2}
CONT TNUF

JOTST=INTST=LDTIST4RDI ST

LINF= INF+)

WRITE (INTAPE,9724) JDIST,IMINPITDFEPTH) SFCPLIDEPTHY , IDEPTH=1,14),
1

dNEST
FELOINIST=KNIST)=30¥ PAGFI?0G0,2110,2110
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L Bl e

2000 [F1LINF=-5)2129,210°, 2100
2100 WRITE (NTAPF 914}
I INE=0
N TN 2129
2119 | PAGE =L PAGF 4+
NPAGE =NPAGF+1
WRITE INTAPE, Q131 HNAME ,NPAGE
ARTTE (NTAPE,922}
an 1N 20AR0
212" CONTINUE
IND= IND+L
60 TN (2030,250001, IND

¢
C READ AND PRINT ELLIPTICITY CNRRFLTIONS
2500 RFAN  (TTAPF,all} HNAMF
READ  {1TAPE,926) (FNLJDISTY,UNIST=1,1R01
6N TH (3000,2516),KTAB
2517 NPARF =NPAGF+)
WRITE (NTAPE492T7) HNAME,NPAGF
WRITE INTAPELQ2R) (INTSTFDLINESTY IDEST=1,1R0)

faXal

€ READ REGINN NIMRERS AND NAMFS
ACCC HEAD (1TAPF,911) HNAMF
3020 READ  (ITAPE,O21) (NGREGIT) ¢NSPEGIT) g (GREGUJ 11,351,441 ,1=1,730)
READ  (ITAPE,Q32) ((SREG(JeT),d=1,5),121,57) '
nn 3,30 1=31,720
FTF(NGREG(T)-T)2040,1030,3040
330 CONT TNUF
fOOT (4000,3050) 4KTAB
2040 J=t-1
WRITFE (NTAPE49N3Y NGREG{T), i
STNP
c -~
C PRINT REGTOM NUMRERS AND NAMES
RTRT OTLAOUNT=0
L INF=41
DO 31N 1=1,730
TR(LINF=43)13070,2060, 3060
ANA0 | [NF =0
NPAGFR=NPAGE+]
WRITE (NTAPF,933) HNAME NPAGE
3070 TF(ICOUNT=NSREGIT))3N80,3100,21n0
379R5 TFILINF=29)309M,306M, 3065
A ICOUNT=TCNUNT+1

WRITE (NTAPE,534) ICNUNT, TSREGIJI,ICOUNT)y d=145)
LINF=LINE+G
3100 JRYVE (NTAPF,938) [, (GRFG{J I Yyd=1,4)
L INF=LINES] .
1110 CONT INDF
¢
¢
C STATINN READ AND ORINT
&1rf REAN 911, HNAMF
4030 N=N
LINFE=6)
G40 NN
DEAD  (ITAPE,941) ANAME,BNAME ,SLATINY SLONGIN)ELEVINY
FFPANAME=TN )4 45,6010,4046
4NLS YE{ANAME=FROMYIGN S 44200 ,4050
4050 STNIN)=ANAME
G T [4N8N,&NAC),KTAB
467 TF(LINF~GNI4OBC 4NTN 4070
4070 L INF=0
NPAGE=NPAGF#+1
WRITFE (NTAPF,042) HNAMF, NPAGF
40RO GO TO (4040,4090),KTAB
4707 WRTTE INTAPE,047) ANAME,ANAME ,SLAT{N) ySLONGIN) FLFEV(N)
LINF=LINF+]
G0 TN 4040
4700 NOSTNS=N=1
4217 TF(INOSTNS-2)4230,4220,4227
4220 TF(UNSTNS-2N16240,4240,4230
4230 WRITE INTAPE,9NS5)
STNe
C -
4260 NN 4250 T=]1,NOSTNS
€ SET UP STATION CONSTANTS
CALL GC {SLATUTY ¢SLONGUT) 2 SACT) pSBUTY oSCUY)Y oSDULYY,SFLT),
1 SGUT)eSHOT) W SKOTY o HLIIT) )
425N (ONTY {NUF

c
5000 RETURN

C - .
€
C FNRMATS
¢
GN)  FNRMAT({G4LH] «% JOR HALTHO =~ SFQUENCE FRRMOR TN O TARLE)
97?7 FORMATIGAHYI & JOR HALTFN  ~ DFPTH ALEOWANCES DUT NF NRDERY
g1 FOPMAT(2SKHY &% JOR HAL TFN = BFCTONGTh42H NUIT 1F SEQUENME ~ LAST
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TCORRELT REGION WAS,16) A
INCOMBAT IBLE NUMBFR DF STATIONS)

Qn &  FAQMAT(&AHY &k AR HAL TEN -
Q11 FNRMATI[) S5AR AT, 12,A15)
912 FORMATIIX,V4F5,1,5X%,13)
Q13 FORMATIIHY (HAR 12X, OHDEPTH M=, 43X, V1 HPAGE NUMRFR,T13/127x/ Q13
11274 SUREACE ‘0.00 0.01 0.0n2 0,02 N.04 Ne0 9113
25 [a oY e.NT N.NA- TanG t.17 9.11 N.12 / 9112
3127TH OIST 33 KM 96 KM 16D KM 223 KM 287 XM 35) 813
4KM 413 KM 47T KM 540 KM 603 KM 667 KM T30 KM 794 KM niIsT/ Q13
5 SH NEG. + 118X+ 4HOEG L) 913
Q14 FNRMAT(127Y)
Q15 FNRMAT{1X,14,1%,14FA.1,19)
Q27 FORMAT(2¥,7F10.2)
923 FNRMAT( : 923
112714 M S M S M S M S M S L] S M Q23
25 M S M S L] S L S L S L S L} S ) 9213
Q24  FOQMATIIXN, 14, 3X,14(13,F5.1),17)
Q26 FORMAT(2X,10FT7,.4)
Q27 FORMAT(1H]1,6AB63X,11HPAGF NUMRER, t4/127TX/127X)
928 FNRMATIINI IS, 1HE,F6.4),TX/127 X}
931 FORMAT(IX,213,1X,4A8,1X,213,1X,4A8)}
032 FORMAT{6X,5AR)
Q33 FNRMATIIH],6AR 63X, 1 1HPAGE NUMBER,14)
934 FNRMAT{LI27X/127X/61%X, 1442%45AR,40X/12TX)
Q35 FORMATISGEX, 15,2X 440, 33X)
941 FORMATYALIX,AS533A8AAIHLAT (F12,.645H LONGWF11.6¢5H ELEV,F6.3)
942 FORMAT(IH] ,6A8,63X,L1HPAGE NUMRFR,T4/127Y/ 942
1127H CNDE STATION REGION LA 042
2T ITUNE LONGYITUDE FLEVATINN / 942
3127x) . : 942
942 FNRMAT(22X¢AB,288,A6,2HLATF10.6,5H LONGyFL146,5H ELEV,FB,3,422X)
END .
SUBTYPE,FORTRAN
GFDESS  (GD}
GEDESS RFADS IN EVENTY DATA, COMPUTES SITE DATA, AND PRINTS.
EVENT NATA --
THE EAPTHQUAKE DATA CARD IS AS FNLLNWS -~
COLS,. 4~1n MHOURZMIN,SEC ORIGIN TIME H R
COLS.,12~15 ELAT,OPCLAT EPICENTRAL LATITUDE
CALS . 1R=-22 ELONG,NDRCLNG EPICENTRAL LONGITUDE
COLS.2%-29 NOFPTH DEPTH 0OF FVENT (KM
COLS.31-35 LIMAG MASNITUDFE CGS (MAG)
CNLS,37-41 NO MAGNITUDE NUMBER tNO)
CALS,42-43 I SREG SEISMIC REGIDON NUMBER
CM.S.4b=46  CARD PNE CARD NUMBER
CNLS,47-49 1GRFG GENGRAPHIC REGION NUMBFR
CNLS.5C-55 SSE STANDARD ERROR [SE)
COLS,.56-59 NSTN NUMRFR 0OF STATIONS USED IN COMPUYING EPICENTRE (N)
roLsS,60-64 HMONTH, NDAY MONTH AND DAY DF EVENT
CO1S.65-69  NC SEF % ARELOW
COLS.1n-T4 NEP FPICENTRE INENTIFICATINN
CMS,.75-80 MOAY s MON TH, MYE AR DATE OF EVENT
COMPUTING ==
TIME OPIGIN TYIME N SECONDS (GHMT)
TIMEP ESTIMATED TIME DF ARRIVAL TN SECONDS (GMT)
TTIME TRAVEL TIME TN SFCONDS
ATIME CHECK-VARJABLE
CTIME CHECK~-VARIABLEF
NEP CHECK-VARIARLE
KNEP CHECK-VARTABLE
LINE LINE COUNT
% NC 1€ CDLS.65=69 TERN TOR RLANK) THE PROGRAM WINDS UP
PRINTING --
HEANDING == 10 LINE AND 2 LINF ~-
17~ LINF PRINTED FMR EACH NEW DAY
? LINE  PRINTED AT THFE TOP NBF EACH NEW PAGE
MNAY DAY OF MNNTH
AMONTH  MANTH CNDE
MYEAR LAST TwO FIGURES OF YEAR
NPAGE PAGE CAUNT
EVENT DATA == PRINT TWO NOURLE LINES ==
LINF 1 NEVENT  FVENT NUMRER

MHMUR g MM, SEC

CLAT,ORCL AT FLONG, DROLNG

NDEP TH, (NEPTHY

UMAG MAGMTITUDE

ORIGIN TIMFE (GMTY
CANKNINATES (F EPTCENTRE (DEGREFS NS, FW)
DEPTH (KTLNMETOESY

UNDFRPRINTFD Wl TH NI MAGNITUDE NUMAER

S0 STANDARD DEVIATIAN (SFCONDSY
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NSTN MUMBRER OF STATIANS (ISFO [N COMPUTING

LINE 2 CARD POE CARN NUMAFR

1ORFG GFOGRAPHIC RFGINN NUMBFR UNNERPRINTYEN RY ISREG

GREG TARLF NF REGINN NAMES ) -/ SEISMIC REGIDN NUMRER
. S1TE DATA == UP TO 20 STATINNS --
. STN STATINN CNDF

PHASEV PHASF VFLOCITY (KILOMEYRES/SECOND)

SY{MROL) TENS NF HOURS NF FTA WITH BRACKFT NPTION

MRDHR P UNITS OF HNURS 0OF ESTTIMATED TIME OF ARRIVAL (GMT)

MINP,SFCP  MINMUTFES AND SECOMNDS NF ETA 1GMY)

DIAG A OTAGNOSTIC FOR FTA DISCONTINUITY, NEXT DAY, IR BRACKFTY

NEST NISTANCE (DEGRERS)

RB,(NB) RACK-BFARING STATINN TN EPICENTRF) (NDFGPEFS)

A7, (NA) AZIMUTH (FPICFNTRF TN STATINN} (JEGPFES)

VFL PEAK=TN~PEAK GRAUND VELNCITY (¢ 10~-5 CM/SEC)

ARYT LtNG A/T

L TRRARY RAUTINES USEN IN GEPFSS (NOT INCLUDENG INPUT/OUTPUY PACKAGF)

SORT SIN FLOAT

ALOG cos : 1F1x

ALNGYO TAN ABS

£ XP ATAN =% {EXPONENT [ATION)
ATAN?

SURROUTINE GD

. OMMAN ITAPF NTAPE (A R, R, FLLTIP,GFACT,ER,NH,PCOMST,

1 PUL,OTARRTNNLZCEX,SFCDAY (THIRND,ROUND

CAMMAN Q€la,111), PL14,1121), PKPUL14,73}, FN(18D)

COMMAN NFVENT JNPAGE, TMANTH  AMONTH, TYEAX, IDAY,
MYE ARy MONTH ¢ MDAY s MHNOUR, MIN, SFC,
HMOANTH  NDAY ¢ MHOHIRP s MINP ,SECP,0TAG,
FLAT,NRCLAT ,FLANG{NDRCLNGyHO  NDEPTH,
DEPTH,DIST, A7« NAYRBNR, TT [ ME, PHASEV ,VEL, ABYT,
UMAG +NDO G TORFG, I SREGsCARDySSE¢NSTN(NC4NEPJKNEP,
VIME,TIMEP,ATIME ,CTIMF(20)

CNMMON NDSTNS, STN(27}), SLAT(2C), SULONG(2014,

T AD N9

] SA{20), SR{PN), SCU20),
? SN 20), SE(20),
3 SGL20)y SH{2N), SK(2D),
&4 HY (200, ELEV(20)
CMMOYN SRFEGI5450)y GRFG(4,730), NGREG(T2N), NSREG(73N)
.MMy TOLFROMYCoCNGgCSyCEZCW,BLANK STARWEQUALS,y
H AR, STARB, EQUALR ¢SY 1K} «BMONTH{12), IND
C
C SEY Pt INFS/PAGE AND CHFCK=-VARTABEFS
t IND = 44
KNER =0

ATIME=SECDAY

N1 f=1,2%

CYTMELTY=SFECDAY
1n CONT TNUF

INPUT SFCTINN

inNeNaNeRal

¢ REAN IN FVENT CARD
197 RFEAN '"ITAPF,811) MHNUR MIN,SEC,ELAT,DRCLAT ,ELONGsDRCLNG,
1 NAFPTH HMAG yNOy TSRFEG, CARD 4 TARFG, SSF 4 NSTN,
? HMONTHy NDAY ¢ NC o NEP s MDAY s MONTH, MYF AR
TEINCY 110,11, 110
101 RETYRN
¢ e .
116 60 TN 13111,127 ), IND
¢ CHECK CARD TS FOR CORRFCT YFAR, MNNTH, AND DAY
111 TF(MYEAR-TYFAR]I116,112,11%
112 TFIMONTH-ITMANTHII16¢117,115
113 1S (HMONTH-AMANTH)IL1S,114,115%
Y14  TF(MNDAY-TINAYIL116,120,120
116 WRIYE INTAPE,RNY) !
TFIKNFP) 117,11R,117 -
114 WPIYE (NTAPE,802)
117 WRITE INTAPE,810)
WRITE (NTAPF,BI1) MHOURMIN,SFC,FLAT,NRCLAT,FLNONG,DRCLNG,
1 NDEPTH, UMAG 4N, ISREG,CARD , [GRFG, SSFoNSTN,
o HMONTH NDAY NGy NFP , MDAY JMONTH, MYF AR
1LR ST

-

o e TS

SETHP SECTINN.

SO0

COOPUMPTE NRLATN TTME TN SECNNNS
120 AMONTH=RMONTH{MONTH)
TIME Sf L OATCCMUMREEr ¢ MEN Y EAS) &GP
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TFIMNAY= (DAY} 304140, 170
€ IF MFW DAY PRIMT HEANING AND PECET CHFCK-VAPTARLFS
126 1 DAY=MDAY
NPAGFE=NPAGE+L
WRITFE INTAPF,R12) MNAY,AMONTH ,MYFAR,NPAGF
WREITE (NTAPE,P21)
WRITE (NTAPFE,B22)
WOITE (NFAPF,A21)
WRITE (NVAPE,R?73)
WRITF (NTAPF,R?21)
WRITE (NTAPF,R13)
LINE=L0
ATIME=ATI MF-SFCDAY
DO Y31 1=1,NOSTNS
CYIMEC I =CTIMF [ )-SECDAY .
131 CONTINUE
GO O 200
147 AN TN (150,177), IND
C CHECK CARDS ARE TM CHRONOLOGICAL ORNFR, AND FOR RFPFATFN FVFNTS
190 TT(TIME-ATIMNE}T]I6,16N,170
167 TFINFP=KNFP)IIT0,1NC, 171
C CHFCK THATY THERE 1S ENOUGH PAGE FNR PRINTING
170 IF(CLINE+6)-1 INDY1S0O, 190,180
R0 L INE=LIND
GO Yho2rr
190 WO{TE (NTAPE,R14}
L INF=LINF&2
C SFT CHECK~-VARTABLFS FDR NEYT FVENT
200 ATVIME=TI{ME
KNEP=NEP
C SET uP FPICENTRE CONSTANTS .
TFEOPCL AT-CN) 2104230, 210
210 TF'DRCLAT-CS) 250,227,259
270 FLAY=-FLAT
220 TF{OPCUING~CE) 4042704240
240 TFINDRCLNG-CW)I 250,260,250
250 WRITE (NTAPE, AO4Y
GO TN 11T
260 FULNNG==-FLONG
270 CALL GG(N)
FLAT=ARSIELAY)
ELONG=ARSTELONG)
NDEPTH=FLOAT(NDEPTH)
TFUIGREG) 290,290,300
200 {GREG=T3M

COMPUTE SECTINN

Y oON

AN MEVFNT=NEVFNT+1
nn &~ 1=1,NASTNS
€ CAMPUTE DISTANCE, A2IMUTH, AND BACKBEARING
Catt GG
C COMPUTE TRAVEL TIME AND PMASE VFLNCITY
CALL GV (DFPTHDISTy 0. HOWHYI 1)y TTIME ,DUM,PHASEV)
€ COMPYTE PK/PK VFI AND LOG A/T
CALL GM (DEPTH,DIST7.,UMAG,VEL ARYT}
VIMER=TIME4TTIME
DIAG=RLANK
G TD (210,339), IND
C CHECK IF ESTIMATED TIME OF ARRIVAL IS FARLIER THAN THE PREVIOUS ETA
310 TFITIMEP-CTIMFIT} 320,320,330
320 DIAG=EQUALS
330 CTIME(T)=TIMEP . .
C CHECK TF ESTIMATED TIME NF ARRIVAL IS NN THE NEXY DAV
FF{TIMEP-SECDAY) 390,390,340
340 TIMEP=TIMEP-SECDAY
TFIDT AG-BLANK} 390,350,300
AR NTAG=STAR
C COMBUTE ETA TN HOURS, MINUTES, AND SECONDS
390 MHAURP=LFIX{TIMER/3600,)
MEINP = LABS(~(TF {X(TIMEP/AN, }-MHMRIRP*60))
SECP=TIMEP-FLNAT{ { MHNURPEAD+MINP} %40}
C BPACKFTFD TIME SFCTION
MANL=MHOLRP /1 N+]
MHOURP=MHNURP~ (MO0 =) j%1N
TFINIST-1(r.})40n,391,39]
301 {F(NIST-116,13092,392,400
3072 MBMN =MBOL +3
IFINTAG-ALANK 1393,304,307%
203 [FINTAG-EQUALS) 395,394,395
104 NDIAG=EQUALR
61 T0 4ra
2G5 DEAG=STARA
GN T 400
196 N14G=RR

[a B e el

POIMT SECTIDON
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C
¢

- —————

€ PRINT NEW PAGE IF REQUIRED

Lanr.
410

TE(LINF=LTNN)4204410,410

LINF=?

MPAGE SNDAGF e

WRITE (NTAPF,RYI?) MONAY,AMONTH,MYFAR(NPAGF
WRITE (NTAPE,RTI}

. ORINT FYENT NATA WITH PREDICTEN SIYF DATA

420
43n
4ot

450

46N

4«10

ane

490
sne

NANANn

an1
RO?
RN4G
31
811

R113
R14
R1§

817
a1n
Ala

a2

R N N e e N Rl R B e N e e e N

IP{1-61430,430,4R0
AN TO (640,450,660,670),1
WRITE (NTAPF,R15) NEVENT  MHMRMIN,SEC,EL AT, DRCLAT,
1 FLAONG ZNRCINCZNOEPTH UIMAG, SSELNSTN,
? SYNTY) ¢ PHASEV SYTMANL )y MHNURPGMIND,SECP,DTAG,
2 ’ NDISTARLAZWVFL, ARYT
GO TN 400
WRITF (NTAPF,RT1A) NN,
1 STNU2),y PHASFV,SY{MANL ), MHOURPWMINP,SECP,DI1AG,
2 NIST,BB,A7,VEL,ABYT
nnoTN 400 :
WRITE (NTAPE,R1T) CARN, IGREG, (GREATJ,TGREG) 421,64,
1 STYN{3) s PHASEV,SY{MROL ), MHNURP,MINP, SECP,DAG,
2 NDIST(RARLAZ,VFL, ARYT
GH TN 49N
WRITF (NTAPE,81R} ISREG,
1 STNU4Y, PHASEV,SYTMBNL )y MHOURP,MINP,SECP (DTAG,
2 DIST,BA,A7,VFL,ARYT
GV T 490
WRITE (NTAPE,ARYQ) STNIT),PHASFV SY'MBOL ), MUNYRP MIND SFCP,DTAG,
1 NTST AR, A2, VFL  ABYT
LINE =1 [NE+]Y
CONT INUE
GO TN inn
FORMATS SFOTION
FARMAT (RGHT*& JNR HALTED - CARNS FOR WRONG MONTH, OR SOMFTHING )
FORMAT(S5IHIx% JOB HALTEND - CADS NOT IN CHRONOLOGICAL ORDER/ /)
FNRMATI4RHL#® JOR HALTED =~  UNKNOWN LATITUDE DR LANGITUDE//)
FARMAT{28H4 THF INCORRECT CARD IS -7}
FOPMATIAX 120 12,F3,1 Fasl A iFALL AL IS AHKM MAG,F241,3K NO, 13,12,
1 ATp 13y 2HSFFG, 1y 1HN I3,03,12,15,16,12,12,12}
FORMAT(PHIGH eFa, IXA3,13,02X,11HPAGE NUMAER, 165}
FARMATI?TX)
FORMAT{I2TX/12TY)
FORMAT(IX 4 T4y TA g 12418 =3F4s3 4 2{FR L ALY I8,FT. 1, FA, L1 1H-,13,
1 AX A5 F e 93X g A2l alHme 12 ) 1 H=FO 10 82¢3FT 1 4FRLLIFR,L)
FNRMAT{49X, 13,10, :
1 GX g AS s FAel s3X g A2 T ¢ IH=y 129 H-Foe 1y A2,3FT,1,F8,1,F5,1)
FARMATIIN AV 1 AX, 14y 2X46ARLYX,
1 GX g AS FA, 13X G A2y 11 TH= g 123 H=yFa 1 4 A2,43FT.1,FR,1,F5,1)
FONRMATE22X,14,35X,
H A g AS PO Lo AX g A2, T s IHw g T2 4 1H= (FO, 10424 AF T, 1,4FRL1,FS, 1)
FNRMAT(A2X,
1 AX g AS FEa 13X A2, 11y 1H=- T2, 1H~,Fb,1,A2,3F7,1,FR,1,F5,1)
) FORMAT !
J12TH mmer e mcm e e R e L L —————— L R et
7--p-na---—n—nm-nn-w—w——-—-——~~—~-w—*—-—~---ﬂ-nn—-~-v~wm-n----~---’
" FNRMAT {
1127H HYPNDCFNTRE nAaTvTA
2 ’ STUTF DATA . )
_ FORMAT {
1127H FVONT NRIGIN TIuE LAT L NG DEPTH MAG SE - NO
? STN PHASF T 1 M F S ANG L F PK/PK DG/
2) 27H NG . ' nf
3 VEL - FYA NIST A A7 VEL LYARA
R127TH CARD H REGL AN cGS STNS
¢ . * 10-5 /
T127H  NO KMS NO USED
f KMS/SFC GMT NEGREFS CM/SEC )
NN
SUATYPE ,FNRTRAN
GFNFESS GFOCFNTRIC GFORGE  (GG)
FHIS SHBRNITINE COMPUTFS DISTANCF, BACKREARING, AND AZIMUTH FROM - -
NS N = AS®AF + BS¥RAF + CSH(CF
SIN A7 = «(AS%DF + RS*EF) & (NSEC D
NS A7 = ~(ASHGE & RSOME & CSHRKE} = CNSEC D
SIN BB = -CAFRS & BREXFES) & (NSEC N
NS ¢7 = ~LAFKGS ¢ RF&HS & CF%KS) * CNSEC 0
WHMECT  AS, RS, €S, FTC, APF STATINN CIINSTANTS
AN AF, RE, CFy, ETZ, A%F FPICENTHE CONSTANTYS CALCHL ATENR AY Gf.
STATINN CONSTANTS AOE [N COMMNAL ARRAYS AND PREFIXED AY §
FPPIFENTRS CONSTANTS ARF VARTARLES (F THIS PUNAGRAM ANN PPEETXEN RY £
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AN OO ADNTIOANADONNTITOANANNOINNONO D -4

FOP TFQ.n  SETS UP AL FPICENTRE CONSTANTS
FOR TWNF,O  USFS 1T AS INDEX FOR STAYINN CONSTANTS
AND COMPUTES A7, RB, AND DIST.

FOR FNRMIILAE AND EXPLANATEION SFF ANY [,S.S.
SFE ALSN EPICENTRF CONSTANTS PNUTINE GC

SURRNUYTINE GG(I)

COMMAN TYACF NTAPF A, ByPyELLIP+GFALCT,ER,OH+PCONST,
1 PI,DTOR,RTAD,CEX,SFCDAY THIRD, ANUND

€ OMMAON 00144111} s PLL4V112)y PKPU14,473), FD(180}

€ NMMON : NEVENT ,MPAGE , TMONTH » AMONTH, TYEAR, [DAY,

1 , MYEAR MONTH MDA Y MHNUYR , MI N, SEC,

? HMIINTH y NDAY y MHOURP { MINP ,SECPDIAG,
2

. FLAT,ORCLAT ¢ELNNGsDRCLNGyHO s NDEPTH,

4 OFPTHDIST AZ NALAByNB, TTIME,PHASEV,VEL, ABYT,
UMAGND,, TGREG, 1SRFG,CARN, SSFyNSTNGNCNEP 4KNFO,
TIME,TIMFP,ATIMECTIMEL2))

T MM - NDSTNS, STN{2D) s SLATI20), SLONGU2D),

SA(20), SB(20}, SC(20},
SDC20)y SE(20),
SGL20 )y SHU27) 4 SK{20),
HY (2C), FLFEV(2N)

~ o

S owu -

TFLEY 10,10,20

17 CALL GC {ELAT ELONGyEAZFByECYFDFEWEGFH, EK HN)

PETURN

2n COSN=SA{TI*FASSA(TI*FR+SCITI%EC

SIND=SQRT(],~COSUXCNSD)
TFISINDY AC, 30,60

an AT=19%,

BR=N,
TEICNSD) 8Ce2C 46N

47 nNysT=n,
6N 7117 110

50 01sT=180.,
cnoTn o1e

40 CASKECN=1.,/S1TND
SINAT=~{SACT)XED+SR{T Y*EE)*CNSECD
COSAY =~{SA{IYEFG+#SRETIREHASCILTIXEKI*COSECD
STNRBz~(EAXSN( [} +ER*SF (1)) ¢CNSECD
CNSAR=-TFACSG! T 4ER*SHITI+EC*SK T 1) *COSECD
A7=ATAN2(SINAZ,CNSA7)
AR=ATAN?(STNAR,(NSRR)
DIST=ATAN2(SIND,COSD)
TE{A?) T70,80,R80

k) A7=2 %Pl¢A]

RO T£(R3) ar, 107,107

9™ RA=? %P {4RA

C
10" A7 =A7ERYNN * *

-

RB=RYI*RTNN
NA=]FIX{AZ+RDUND)
NR=TF I XI{BA+RAIINNY
DIST=NIST#RTNN

1vo RITYSN

SHATYPF ,FOPTRAN
GFNESS EPICFNTRF CONSTANTS SUBRNDUTINE. 16C)

THLS SUBRDUTINE COMPUTES THE FPICENTRE (AND STATION) CONSTANTS -~

A = €NS T CNS L '
B o= (0S T € SIN L
¢ = SINT
' D= SIN L “
£ = -CNS L
6 = SINT & NS L .
H o= SIN T * SIN L
4 = =CNS ¥

WHFRE T = GEOCENTRIC LATYITUNFE AND L = LONGITUNE
FROM WHICH DISTANCES, BACKBEARINGSe AND AZIMUTHS CAN RE CALCULATED.

THE OFLATINNSHIP RETWFEN T (GENCENTRIC LATITUNE}
AND  T) 'GEOGRAPHIC LATITUNEY

IS TAN T = ,093128 & TAN T} WHERT ,9a32a 1% GFACY
ALSA CAMPHTES HE - THE HEIGHT, IN KILOMETRES, ABOVE THE MEAN SPHERE
WHFRE HN = ER * (THIRD - SINT & SINT)

FOD FPRMULAE AND EXOL ANATION SEE€ ANY §,S5,S,
SFE ALSH GFOCENTRIC AFURNE (A

8



M,%mﬁ&d;&»&&ﬂ;&m}&» 2 i T R TR

o

SUARMUTENE GC (ALAT,ALING, AA, AR, AC ,AD, AF, AG JAH, A, HOY
CNMMON ITAPEGNTAPFE Ay By Ry FLLIP,GFACT,ER,OH,PCONST,
1 PLyDTOR(RTND CEXSECDAY ¢ THIRD,ROUND

GLAT=ATANIGFACTRTAN(ALAT®NTOR} )
GLONG=ALNPNGEOTAR
AC=SINIGLAT)
AK=CNSIGLATY
AD=SINCGLAONG)
AF=CNSIGLNANG)
AA=AK ¥ AF

AR=AK*AD

AG=AC*AF

AH=AC*AD

AE=~AE

AK==AK
HO=FR&(THIRD=AC*AC)
RETURN

-~

SUBTYPE,FORTRAN
GENESS TIMF SUBRNUTINE (GT)

THIS SURAROUTINF COMPUTES TRAVEL TIME IYYIMS) FDR A GIVEN DEPTH AND DIST
AND ADDS THF STATION TIME CORRFCYION (CT)
AND ALSD COMPUTES THFE PHASE VELOCITY (PHASEV)

THE TRAVEL TIME OF SURFACF WAVES {(RAYLFIGH WAVFSY IS ESTIMATED
FROM THE FORMULA -- LR, DT/DD = N, 4674 ¢/- 0.0011 MIN/Y DEG
WITH VELOCITY = 3,972 +/- 0.000 KM/SFC
AND A FIXED ARAITRARY POINT AT 69 DEGRFES MF 29 MINS
NeB. SURFACE WAVES NOT USED IN THIS VERSION

MOOSMOAMNOHOONTID 4

SUBROUTINE GT (NEPTHyNIST CT,HOGH1 ,TYIME, TTIME2, PHASEV)
COMMON TTAPE NTAPE Ay B4Ry ECLIP,GFACT,ER,DH, PCONST,
1 PI,DTNRGRTAD,,CEX,SECDAY , THI RD, ROUND

C OMMON QElas11lhy P(144112)y PKP(14473)y FDL180)

N TTIME 22120 ,400,4674% D[ST=A0,)))%60,

TRF(DEPTH=-33,320,30,30
20 INEPTH=]

NDNEPTH=NFPTH/33,

GN TN 40

ar NREPTH=(NFEPTH-33,) /DH
TNEPTH=IFIX(DNEPTH)I+2
NNEPTH=DDEPTH-FLOATIIDEPTH=~2)

49 IDIST=IFIX(NIST)
INIST=IFIX(NIS T+ROUND)
DOIST=NIST=-FLAATIIOLST)

il

€ NISTANCF 0-1 NEGREFS
TFCINEST) 110,110,120
110 PHASFy=n,
TYIME=GL (PUINFPTH,1) ,PLINEPTHEL, 1),

1 POIDEPTH2) yP{IDEPTH+1 421 4ONEPTH, DDISTI¢CT

WETURN

C -

[4 DISTANCE = 1-110 NEGREES

127 LFLIDEST=1103130,147,140
120 IOl = P O {INEPTH,INIST )

T11 = P (IDEPTH,IDIST+1)
T2 = P (INFPTH,INIST+2) .
T3] = ¢ {IDEPTH,INIST+1) i :
TN? = & (INEPTH+L,I01ST ) .
T2 = P [(IDEPTH#,INIST+Y)
T22 = P (INFPTH4L,INTST+2)
T32 = P (INDEPTH+1,IDIST+)
F1Y1=0CONST/{T21-T01)
F12=PCONST/(T22-702)
F21=PCONST/(T31-T%1)
F22=PCONST/(T32-T12)
PRASFVY=GL {F11,F12,4F21,F22,MNFRTH,NNTSTY
TYIME=GL (T114T12,T21+T22,DNEPTH,DDISTI4CTHFDLIDISTI®{HOSHL)
RETURN .

|

r NISTANCF 110-180 DEGREES

14r TFLINIST-180)150,190,190
150 INIST=IDIST-109

TAY = PKPUINEPTH INIST )
TI1 = PKPLIDEPTH,IDIST+L)
T21 = PKPOUINEPTH,IDIST2)
T3] = PKPYINFPTHIDIST4R)
T2 = PKPLINEPTH4Y,INTST. )
T1Z = PRP(IDEPTHeLIDIST+L
T2? = PKP!IDFPTH#L,,INTST+2)
TA? = PKP{INFPTH+1 ,INTST+)

Fli=PCONST/(T2]-T01)
F)2=PCNNSTZIT20-T02Y

39 : , f




F21=PCANST/ZETI-TI)
F22=PCNANST/ITA2-T12}
PHASEV=GL [FLL,F12,F21,F22,NNEPTH,DDISTY
TFLINIST-56)160,170,170 )
160 IVAR=TFIX(PHASEV*0,%) )
PHASEV=FLNAT(IVAR) .
TF(PHASFV-100.)180,ER0,170 - ‘ .
170 PHASEV=100. .
1AM TTIME=GL (TI14T12,T214T22,NOEPTH,DOISTI4CT+FOCINTIST 1*(HO4HYLY
RETUON i

~ O

DISTANCE 180 DFGREES
197 PHASEV=LICMN,

TTIMF=GL (PKP(IDEPTH,72),PKPIDEPTH41,721,

1 PKPITDEPTH 731 ,PKPLINFEPTH41 473} ,ODEPTH, DD ISTICY
+FO{1AQ IR (HO+H1D .

RETURN

C ......
£ND

T SUBTYPE, FORTRAN

C GEDESS L INEAR INTERPOLATION FUNCTION {GL)

C eweeme avemasse cesccrecmosmne - - on o .- -

c .

C LINEAR ENTERPOLATION ROUTINE FOR THE TABLES

[+

c FINDS T  IN THE MATRIX T11(DDEPTH) T12

c {nntsy)

C : T

¢

C T21 Y22

C
FUNCTION GL (7YY, T12,721,T722.DDEPTH,DDIST)
GL. = TY14DDEPTH&{T12-T11)1+DDIST#(T2]1-T1l1}
1 +DDEPTHADDIST*(TY1-T12-T214722)
VETIRN .
END

T SUBTYPF,FORTRAN

C GEDESS MAGNITUDE SUBROUTINE (GM)

€ ereesms cecemsane meeee wm——— mean .

c

¢ THIS ROUTINE COMPUTES 1)  VELOCITY (VEL) = 40 ¢« PI ¢ ANYILOG((MAG+CP-Q)

c 2y LG AT (AT) = MAG ¢+ CP -~ 0 ¢ 3

[

. C WHFRE MAG = Ul.S.C.G.S. QUNTED MAGNITUDE

o CP = MAGNITUDE CORRFCTION

g ANO Q = A FOR P?  {RDUNDED 7O NEAREST DEPTH AND DISTANCE)

C AOTH VEL AND AY GIVEN TO 2 SIG.FIGS.

T
SURRNUTINE GM (DEPTH,DIST,CPy UMAG ,VEL yAT)
COMMAN TTAPENTAPE yA1B R, FLLTPGFALT ,ERy DH,PCONST, o
1 PLyDYNR,RTNANLCEXySECDAY, THIRD,ROUND .
CAMMON 0f14,111) ¢
VFL=n, . |
AT=0, . . <

c ‘ ) j

TF{UMAGY 10N, 100,10
) in FFINIST-110,)20,20,100
q. 20 TF(DEPTH-13.)30,30,40

; 30 T INEPTH=IFIXI{NEPTH/33, +ROUND)+1 ‘
3 60 TD 50 . , :

40 INEPTH=TFIXLINEPTH-23,)/DH+ROUND) +2 ‘
52 INIST=1FIX{NIST+ROUND ) #] i
Q1=Q{IDEPTH,IDIST) )

TE(RTY 1NC,41G%461

60 AMAG=UMAG+CP=-01
OK=EXPLAMAGRCEX) . : -
VEL=40.0%P ] *QK

. Fv=-2,

70 VFL=VEL®N, 1
Fy=EV+l.0
TFEVEL-1.0080470,70

80 [VEL=TFIX{VEL*10N.N+ROUND)
VFL=FLOAT(IVEL)*10.0%*EV
[F{OK-0.,N0111004,100,90

99 AT=AMAG+3,

C -
. : 100 PRETURN .
: 100 TN
; END .
T SUBTYPE,NATA

JANFERMAR APRMAY JUNJULAUGSEPOCTNNVDEL * = ) *)=) 12 (142 CNSEW T FROM
1456 710 9%SED KA .
ITABLE 1 QO FNR PY  19K5 GUYENRERG/RICHTFR

[ O T AP S A 0 S v o N O s B A PR T I £ 1 B« 2P0 B B o B Y4 Q noo

Fo 2.0 C,0 Col 0.0 0e0 00 0.0° 0.0 0.0 0.0 0.0 0.0 [+ 001

S5.h 0.0 0,0 0.0 0.0 0.0 NN 0.0 0.0 NN N0 N0 0,0 0 602

LI T A T AP S G AT AT AT A SN+ s B IS SR AP U I e I o Q rO3

; g Cal "0 0.0 0D T7 0. 0,0 0.0 0.0 0.0 0.0 040 0.0 Q 004
)
40 '
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7.7 7.7 7.2 T.0 6.9 6,9 6,8 6.8 K,8 5.9 6,9 6,9 £,7 qQ 095
7.2 Te2 7.2 Tal T2 AT AL 5.9 £e9 7.1 T,) A.Q AR 0 096
Tob T, 7.2 T.1 TS T 6.9 6.9 T.N 7.0 7.0 T.0 kLB 0 Ccor
To5 T3 7.3 7.2 T 7.1 7.0 7.0 Tl 7.l Tel T.0 AL9 Q 098
7.5 7.3 T.3 0 7.2 T 7.1 7.1 T4l 7.1 7.1 Tt 7.0 6.9 Q noo
Tets T.7 To6 7.2 T2 71,2 1.2 Te2 1.2 1.2 T4t 7.1 T.0 0 100
To3 Ted To6 7.3 T2 T2 7.2 Te? 1.7 1.2 1.2 1.1 T.0 n 101
Tole Tob T.4 7.4 T2 Te3 1.3 T.3 T.3 T3 T3 1.2 7.0 Q 102
Te5 TeS Te8 7.5 Tub Tyt Tobd 7,4 T.6 T.6 1,3 7.2 T.0 Q 103 *
Teh TeS  Tebk TaT T.5 TeS TS5 7.5 1.5 T.5 Tes T.3 7.1 0 104
7.7 7.6 T.7T 7.8 7.7 T T 7.1 7.1 N6 1.5 7.6 T.% 7.1 0 105
Te® 70T TR TaR TR T8 TR To7T 7.7 1.6 1.5 7T.4 7.2 e 19
Te0 TR/ TR TuB Te0 To9 Te9 TuR 1.7 Teb T.6 T.6 7,3 6 107
7.9 7,8 7.9 7.9 B.0 R.0 7.9 T.8 T.T T.T T.6 T.5 7.3 Q 108
B0 7.0 BN B0 R, 8.0 R0 T.9 T.8 T,T 1.6 T.5 T.4 0 109
R.O 8,0 8,0 R.0 B.1 8.1 B.0 8,0 7.8 7.7 7.6 7.5 7.4 0 110
1 n NEPTH ALLOWANCES ITO BE SUBTRACTED FROM TIMES FNR SURFACE FOCUS)
1od =6,7-14,6-22,3-29,8~37,1-4443-51,2-57.7=64,0-70.0-76.0=R2.0 P  n0O
Bl T ~4eT-1142-1R,0-26,R=31.6-38.2-44,6-50.7-56.6-62.5-68.4 P 001
308 245 ~ab =5.2-10.4-16.2-22,.2-28,0-33,8-39,4-44,9-50,5~5A,1 P Q12
a4 3.0 143 -1, ~5,5-10.0~14,9-20,0-25,1-37,1-35,9~47,1-45,2 P  ND3
3.4 3,8 2.6 27 2.1 -5.5 ~0.65-13,6-17.8-22,3-256,7-31.2-35.8 P 004
3.4 4,0 3.7 2.5 Wb =2.0 -5.2 -8,.6-11.8-15,4-19.2-23.3-27.,3 P 005
3.8 4.5 4.6 3,9 2.7 B ~1eS ~8,) <5,7 -9,6-12.6~16.0~19,7 P N5
3.8 4,7 K,1 K.2 4.8 1.2 1.5 =,2 «2,1 ~4,3 ~6.8 -9,6~12.6 P  QO7
3.6 5.1 6,0 6.3 6.1 5.4 4.2 3,2 2.0 .5 -l.4h -3.7 -6,2 P NOR
.6 5.5 6.7 T4t Te6 Te4 6.7 6.3 5,8 4,9 3.5 1.7 -,3 P 2nR9
3,46 5.8 7.4 8.3 9.0 9.2 9,0 9,4 9.4 9,1 8.t 6.8 5,3 P 010
2,4 6,1 8,0 9,2 10,3 10.9 11.1 12,4 12,9 13.0 12.56 11.7 10,5 ¢ 01}
1.7 6.h Be6 1N,2 11.5 17,5 13.5 15.4 16.4 16,7 16.7 16,3 15,5 ¢ N12
307 606 Fel 11,1 12.7 14,0 15.8 18,2 19,6 2042 2%.6 2C+6 20.2 © 013
3.9 6.9 9,4 11,9 13,8 15,6 1843 21,0 22.7 23.7 24,3 24,7 26.6 P Ol4
3.8 7.1 10,1 12.7 14,9 18,0 21.0 23,9 25,8 27.1 27.9 28.6 28.8 P "15
3,9 7.5 10,7 13.6 1647 2044 23,9 26.8 29.0 30.5 31.6 22.5 32.9 P D16 .
4.0 TR V1.2 14,7 1848 22.7 26.5 29.5 32.0 33.R 35.2 36.2 36.7 P N17
A.0 PLN 12,1 V6.7 21,0 25,1 2R.9 32.1 34,8 36.9 38.5 39,7 4G.4 P D18
4.7 9.0 12,9 1B.R 23,2 27.4 31.4 36.7 37.6 29.9 41.7 43.0 43,9 P 019
G5 9.9 15,1 20,1 26,8 29,1 33.2 36.7 39,7 42.2 44.2 45.7 46.7 0 020
4.5 10.1 15.5 20,6 25.6 29,8 34,0 37.7 40,9 43,5 45,5 47,2 48,4 P N2} .
6.6 10.3 15,8 21,0 25.8 30.3 34.6 38.5 41.8 44.5 &46.7 48,5 49.8 P nz2
Gets 10,5 16,0 2142 2642 30,9 35,4 30,3 42,7 45,5 47.8 49,7 51,1 2 n23
446 10,6 1641 215 26.6 31,6 36,0 40.0 43,64 46.3 48.7 50,7 52,2 P 024
4ef 1046 16,4 21,9 27,2 32,1 36,7 40.7 46,2 47,2 49.7 51.8 53,4 P 025
heb 10,7 16,5 22,1 27.5 32.4 37,1 41,2 46,8 47.8 53.64 52,6 4,3 p  N2p
4eb 10,7 16,6 22,2 2T.6 32.6 37.64 41.5 45,2 48.3 51,0 53,3 55.1 ¢ Q27
4e6 10,7 16,6 22.2 27,7 32,8 37,7 41.9 45.5 48.8 51.6 53.9 56.8 P 028
4T 108 16,7 22,6 2749 33,0 3840 62,1 45,9 49,2 52.1 54.5 56.4 P 029
4.8 10,0 16,8 22,6 28,1 33.3 38.3 42.5 46.3 49,7 52.6 55.1 57,1 P 030
4.7 16,9 16,98 227 28.2 33.5 38,5 42,7 45.6 51,7 52,0 55,6 57.6 P 0131
Ge7 1107 1609 22.PF 28,4 23,7 38,7 43,0 45.9 5044 53,4 56,0 58,2 P 32
fe7 11,0 17.0 27,9 28.5 33,9 38.9 43,3 47,2 5N.7 B3.R 56.5 58,7 P 033
4.9 Y1,1 17,2 23.1 28.7 34.1 39,1 43.6 47,5 51.1 54.2 57.0 59,3 P 034
4.8 11,2 17,3 23,2 28,9 34,3 39,3 43,8 47.8 51,8 54,6 57.4 59,8 P 035
4,8 11.2 17.4 23.3 29.0 36.6 39,4 44,0 48,0 S}.7 54.9 57.8 60.2 P 036 R
4,8 11,2 17,4 23,3 29,0 34,5 39,5 44,1 4B.2 51.9 55,1 SR,1 60,6 P 037
4,8 1143 17.4 23,6 29,1 36,6 39,7 44.3 48.5 S2,1 55,4 58,4 61,0 P 038 :
6,9 3146 17.5 23.5 29.3 26,8 39,9 44,5 48.8 52,4 55.8B 58,8 6£1.5 P 0310
4,9 11.4 17.6 23,6 2944 34,9 4040 46,7 49,0 52,7 56,1 59,2 62.0 ¢ 040
4o8 11e6 174h 2346 29,4 35,0 47,1 44.8 69.2 52,9 56,4 59,6 62.5 ® 4]
4.8 11.4 1746 23,7 29.5 35,1 40.3 45.0 49.4 53,2 56,7 60,0 63,0 P 062
6,8 1146 17,7 23,8 29.7 35,3 40,5 45,3 69.7 53,6 57,2 60,5 63,6 p 043
4.8 11.6 17.8 23,9 20,8 35,4 4,7 45,5 S0.0 53.9 57.5 61.0 64.1 P 064
4.9 11.5 17.9 2441 30,0 35.6 40,9 45.8 50.3 54,3 58.0 61,5 64.7 P 045
4,8 11,5 17.9 26,1 30.1 5.7 41,7 46.0 53.5 56,6 58.3 £1.9 65,1 P Q46
4,9 11.5 18,0 24,3 30,2 35,9 41,2 46,2 50.8 54.9 SR, 7 62.3 65.6 P N47
4.9 11.6 18,1 26,6 30,6 36,1 41.5 66.5 51,1 55,3 59.2 62.8 66.2 P 048
4e9 1146 1B.l 2445 30.5 36,2 41.6 4647 51.3 55,5 59,5 63,2 6646 P 049
4,9 11,6 18,2 26,6 30,7 36,4 41,8 46.9 51,6 55.9 59,9 63,6 67.L P N80
4,2 11,6 18,2 2647 30,9 36.6 4240 47.1 51.9 5642 6043 6440 6746 P 051
,0 11,7 18,3 26,9 31,1 36.8 42.2 47.4 52,2 56.7 60.8 64.6 68,2 P 052
Be7 11a7 1844 25.C 31,3 37,0 42.4 41,7 S2.6 ST.1 61.2 65.1 68.8 p 083
4,9 11.7 18.4 25.0 31,4 37,1 42.5 47,9 52,8 57.4 61.5 65.6 69.2 P 054
eD 11.R 18,5 25.2 3L.6 37,4 42,8 4R.2 53,2 5T.8 62.0 6.0 69.8 P 055
; 5.0 11.9 18,6 25.3 31,7 37,5 43,0 48,6 53,5 S8,1 62.4 66.4 0.3 P D56
f Sef' 11,9 18,7 25.6 31.9 37.8 43.3 48,8 53,8 58.5 62.8 66.9 T0.% P 0S7
F 5eN 11.9 1847 25.4 31,9 37.9 43.5 49,0 54.0 58.7 63,1 67.3 71.2 P 058
; 5,0 12.0 18,7 25.5 32,0 38.0 43.8 49,3 54,3 59,0 63,5 6/, 71.7 P €59
b 5o 12,0 18,6 25.6 32.)1 3R.2 44,0 49.5 54.6 59.3 63.8 68.1 72,1 P 060
3 5.7 12.0 18,8 25,7 32,2 R, 6 44,2 49.7 56,8 59.6 6u.1 68,5 72.5 P 06l
! Bt 12,1 18.9 25.8 32.4 38,6 44,4 49,9 55,1 59,97 64.5 68.9 72.7 P 062
e 12,0 1R.9 25.8 32.5 3R.7 44,5 50,0 55,3 60.1 64«7 9.1 73.3 P (63
Sel 12,1 19,9 25,0 32,6 38,9 44,7 50.2 55.5 60.4 65.0 69,5 73,6 P 064
.1 1241 19,70 26,7 32,7 39,0 44,8 5N44 55,7 6)eb 65,3 A0,8 T4, P C65
5.1 12,7 19,0 26.0 32,8 39,1 44.9 50.6 55.9 60.8 65,5 70.1 74.3 P 066
3 8.2 17,2 19,1 24,1 32,9 39,2 45,1 50.0 55.1 61,1 65.9 Th.4 74,7 0 067
4 B,2 12073 10,2 26,2 33,0 39,4 45,3 51.0 56,3 Al.4 66,1 70,7 75,1 P 068
3 Re2 1243 19.3 25,3 23,% 30,5 45,6 51.2 56.5 61e6 6644 T1,0 T5.4 P 069
i a2 1247 19,3 26,7 23,1 19,6 45.% 51,1 56,7 61.8 bb.6 T1.2 75.7 P 070
b B 6,7 12.4 19,6 26,6 32,2 39,6 457 1,5 56,9 62.1 66.9 71.5 76,1 P 971
i B43 12.6 19,8 26,6 32,2 20,7 45,8 §1,7 57,1 62,3 67.2 71.8 6.4 P 072
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43,5
43,5
43.5
43,5
43,5
43,5
43.5
43.5
43,5
43,5
43.5
43.5
43,5
43.5
43,5
43.5
43,5
43,5
43,5
43.5
43,5
43,5
43,5
43,5
43,5
43, %
43,5
43,
42.6

50.5
50,5
50.5
50.5
50.5
5045
5045
50,5
50.5
57.5
50.5
50.5
50.5
50.5
50.5
5045
5045
50.5
57.5
50.5
5N.5
58,5
0.5
50.5
50,5
50.5
5n.5
50.5
50.5
50.5
59.0
4a,5

5742
57.2
57.2
57.2
57.2
57.2
57.2
57.2
5742
57.2
57.2
57.2
57.2
57.2
57.2
57.2
572
57.2
57.2
57.2
57.2
57.2
57.2
57,2
57.2
57,2
57.2
57.2
7.2
£7.2
5hb
5641

b3

63.9
161.7
253.,2
325.8
390.1

449.8
506.8
560.7
610.7
656.8
699.2
738.0
773.2
805.7
837.4

63.7
63.7
63,7
63.7
63,7
63.7
63.7
63.7
63,7
63.7
63.7
h3.7
63.7
63.7
637
63.7
63,7
63.7
63.7
63.7
63,7
63,7
63.7
63.7
63.7
63,7
63,7
63.7
63.7
~3.7
63.0
62 .4

6245
62.7
62,9
63.1
63.3
63.5
63.7
63.9
6441
64,2
6444
64.6
647
6449
65.1
65,2
65.3
65,4
65,4
65,5
6545
65.6
65.7
65.8
65.8
65.8
65,8
65.8
65.9
66.0
66.0
66.0
66.0
66,0
66,0
66.0
6640
6h40)
6640

69.8
69.8
69.%8
69.8
69.8
69.8
69.8
69.8
69.8
69.8
69.8
69.8
69.8
69,8
69.8
69.8
69.8
69.8
69.8
69.8
69.8
69,8
69,8
69,8
69.8
fQ.8
60, R
69.8
69.8
69.8
69,1
6B .4

67
67
67,
68.
68 .
68
68,
69,
69 .
69,
L9,
69,
69.
LA
0.
M.
0.
T0.
7C.
0.
T10.
70.
0
1.
1.
Tt
71
71
.
Tl
71
71
T1.
71
71
1.
71
71

b

[}
9
1
4

.5

R
0
2
3
6
7
9

.2

4
5
7
L}
8
:}
B
8

.9

0
0

o0
.0
.l

2

o3
o3
o3

3

.3
3

3

«3
3

1.3
{TIMES FOR SURFACE

8.
175.

1
3

26545

336,
398.

458,
Sl4.
568.
617
563,
708
T43,
778
810,
R4l

15.
5.
5.
75.
5.
5.
5.
5.
15.
5.
5.
7%.
5.

5.

5.
5.
5.
5.
154
5.
5.
5.
75.
5.
5.
75
5.
75
5.

75,
T4,
.1l

74

2
8

1
7

0

5

1

«0

2
0
3

.8

7
7
7
T
7
7
7
7
7
7
7
7
7
7
7
7
7
T
T
7
T
7
7
7
7
7
7

o7

7
7
9

72.1
724
T2.7
73.0
12.2
13.5
73.7
74,0
T4a42
Tast
T4.7
74.9
75.1
75.4
75.6
75.7
75.9
76,0
T76.0
T6.0
76.0
76,0
Tkl
T6.2
16,2
T6.2
762
763
Thet
16,5
76.5
76.5
7645
76.5
76.5
7645
76.5
76.5
76.5

81.5
81.5
81.5
81.5
8l.5
81.5
8l.5
Al.5
8145
8l.5
81,5
Bl.5
Al.5
81.5
81.5
81.5
81.5
8145
81.5
81.5
B81.5
81.5
8l.5%
81.5
Rl.S
81.5
81.5
81.5
81.5
Rl.5
B0.4
T79.8

76,8
71.0
T7.4
77.7
78.0
78.3
7846
7R.9
79.2
79.4
79.7
79.9
80.1
8N .4
80.6
80.4
A1.9
81.1
8l.l
81.1
81.2
81.2
Al.3
Bl.4
8143
81.3
31.3
81.4
81.5
Bl.6
81.6
Bl.6
81.6
81.6
Blit
81.6
81.6
81.6
81.6

Q2.2
188.7
27740
345.4
407.5

46643
522.6
575.4
624.3
669,3
710.7
Ta8.4
T82.7
814.8
846.2

'T0 RE SUBTRACTED FRUM TIMES FOR SURFACE

87.3
B7.3
87.3
87.3
87.3
A7.3
B7.3
87.3
87.3
RT3
87.3
B7.3
87.3
87.3
87.3
87.3
87.3
87.3
B7.3
87.3
R7.3
87.3
87.3%
AT.3
87.3
87.3
87.3
87.3
87.3
RT7.3
Rhe3
R5.3

VPOV VTV O OVDUVUVIVIT VOV OVVOV IO VULV IT VLUV TVOLY DOLO

073
074
0rs
076
ory
0718
019
080
081
na2
083
084"
085
086
087
0As
ce9
090
091
092
093
094
095
096
097
098
099
110
101
102
103
104
105
106
107
108
129
110
111

FOCUs)

ano

ola
021

035

049

091

PKP
PKP

-006
no7~

013

120
-027
028~

034

-041
042-
-055
056~
063~
077~
n1?-
084~
~097
098~

048

neéz2
069
N6
783
090

104
109
110

FOCUSY

PKP
PKP
pKP
pKp
PKP
PKP
PKP
pPKP
pKP
PKP
pK P
pKP
PKP
PKP
pKP
PKP
PKP
pK P
PKP
PKP
pKP
AKP
pKP
pKP
pKP
pKP
PKP
pKp
pKP
PP
pKP
pKP

111
112
113
114
115
116
117
118
119
120
121
122
123
1264
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142




e i,

LTABLE 28 PKP

1Y7AB

17AR
1
3
5
7
Q
11
\B)
15
17
19
21
23
25
27
20
ER
33
15

1t
112
113
115

116
117
118
1o
120
121
121
LE 3
.001
o012
. 029
.N26
W 042
L0647
lnsl
L06
L 066
r66
6

s e o 0 & @

LF &

N N R I N ek e

MAMARAANAD AR ANAARITNIAAARDHIADNAIRAINDNDIN ARSI N AN AN

® 4 & ¢ 8 2 2 e % e % s o 8 B S 6 & & 4 e 6 & & s s & % ¢ " s G S 4 8 a2 e & s o

2 20,9 28,4 K.Y 4D, R
2 21.0 28,5 16,9 42,9
? 21.C 28,5 25,9 43,1
2 2141 28.6 36.0 43,2
2 21,1 28,7 6.1 43,13
3 2142 28,7 3602 41,5
134 2142 2848 36,3 43,6
13.4 21,2 28.9 36.4 43.7
1344 2143 28.9 36,4 43,7
13,4 21.7% 2R.9 36.46 43,7
859 .4

13,4 21.2 2R.9 '36.4 43,7
12,4 21.3 28,9 36.4 43,7
1344 2143 29,0 3645 43R
1364 2143 29.0 36.5 43.8
13464 21432 29,0 26.5 43.8
1344 2102 29.0 36.5 643.8
13,4 21.3 29.0 36,5 43.8
13,4 21.3 29,0 36.5 43.8
29.0 3645 43.R
13.4 21,3 29.0 3645 43.8
13.4 21.3 29,0 36.%5 43.8
13.4 2147 29.0 2645 43,8
13,5 21,4 29.) 36,6 43.9
13.5 21.4 29,1 6.6 43.9
13,5 21.4 29.1 36.6 43.9
13.5 2144 29,1 36.6 43.9
13.5 21.4 29.,) 36.6 43,9
13.5 2144 29.1 36.6 43.9
13,5 21.4 29.1 36.6 43.9
13,5 21.4 29.1 36.6 43.9
13.5 2144 29,1 36.6 43,9
13.5 21,4 29.1 36.6 43.9
13.5 21.4 29.1 36.6 43,9
12.5 21.4 29,1 36.6 43,9
13.5 21.4 29,1 6.6 43.9
13,5 21.4 29,1 36.6 43,9
13.5 21.4 29.1 36.6 43,9
13,5 21.4 29.1 26.6 43,9
13,5 21.4 29.1 36.6 43,9
JB 1958

R I R O IR R Rl I R IR T I 0 I Y R N T R B R I R VU VE S RV )
—
w
.
FS
N
b
.
W

49.7 5643
49.9 56.5
SNel 56.8
0.2 57.0
504 5741
§0.5 87.3
50.7 57.4
50.8 57.6
50.R 57.6
508 57.6

R63 . R

50.8 57,7
50.8 57.7
50.9 57.7
50.9 57.7
50.9 57.7
50.9 57.8
50.9 57.8
5.9 57.8
50.9 57.8
50.9 57.8
5140 57.9
§1.0 57.9
51.0 57.9
51.0 57.9
51.0 57.9
51«1 58.0
Sl.1 58.0
51.1 58.90
51.1 58.0
51.1 58.0
51.1 58,0
51.1 58.0
S1el 58.9
51.1 58.0
51.1 8.0
5l.1 58.0
51.1 58,0
51.1 58.0
Sl.1 58,0

STANDARD TRAVEL TIMES

6247 6RLT 76,5 B0.2 R5,8 PP 143
6249 69,0 T4.8 B0.6 B6H.2 PKP 144
6342 €9.3 75.2 Rl.N B6.7 PKP 145
63.46 £9.5 T5.4 BY.2 BT7.0 PKP 146
53.6 9.7 T75.6 Bl.5 RT.3 PKP 147
63.7 67.8 715.8 81.7 47,5 PKP 148
63.9 70.0 76.0 B2.0 R7.8 PKP 149
64,1 T0.2 T6.2 R2,2 8B.1 PKP 160
66el 77,2 T6.2 R2.?2 BB8.1 PKP 151
6%s]1 T7Je2 76542 B2.2 88.2 PKP 152
R6B.2 R72.6 877.0 105-111
64,2 TH,3 76,3 R2.3 8R,2 PKP 154
64,2 T3 T6.3 82,2 8R,2 PKP 153
64,2 70,3 76,3 82,7 88,3 PKP 165
6602 TO,3 T643 82,7 BALI PKP 156
6442 TI03 76,3 82,3 BB.3 PKP 157
6443 TD.4 7644 8244 RB,3 PKP 15R8
66,3 T3.6 Tb.4 B2.6 AB,4 PKP 159
6443 TO0.4 T6.4 B2.4 8B.4 PKP 160
6443 TOL4 T6.4 82.4 8B.4 PKP 161
66.3 TD.5 76.5 82.5 BB.5 PKP 162
64.4 TD.5 T6.5 B2.5 8B.5 PKP 163
64.6 TO.5 76,5 82.5 B8.5 PKP 164
64,4 TQ.6 THob Ble6 RB.H PKP 165
bhal TO.6 T6.6 B2.6 B8.6 PKP 166
6het TOL6 76.6 B2.6 B8B.6 PKP 167
64,5 TNeb 7646 R2.6 B8B.6 PKP 148
64,5 TJe7 76.7 B2.7 88,7 PKP 169
64,5 T0.T T6.7 82.7 B8R,7 PKP 170
645 TOLT 76,7 R2.T 88.T PKP 171
66.5 TH.7 T6.7 82.7 RB.T PKP 172
6245 TOT 76,7 82.7 88,7 PKP 173
6445 TDeT 767 82.7 RB.T PKP 176
64%.5 70,7 76,7 B2.7 8B8.7 PKP 175
64.5 TO.B T6.8 82.8 88,8 PKP 176
6.5 TN0.8 76,8 B2.8 8B.8 PKO 177
6445 TD.8 76.8 B82.8 88,83 PKP 178
64.5 T0.8 76.8 82.8 88.8 PKP 179
64,5 T0,.8 T6.8 R2,8 8R,8 PXP 180
66.5 T0.8 '76.8 82.8 88.8 PKP 181
(TIMES FOR SURFACE FOCUS)

1.2 1113,2 1115.2 . 1117.1 1119.1 1n21.1 1123,0 109-115
5o *1126.9 1128.8 1130.8 1132.7 1136,.7 113646 116-122
B.5 1140.5 1142.4 1144.3 1146.2 1148,.2 1150.1 123-129
2.7 1153.9 115%.8 1157.7 1159.5 1161.6 1163.2 137-136
5.0 1166.9 1168.7 1170.5 1172.3 1174.0 1175.7 137-143
T.4 1179.2 11R0.9 1182.6 11864.,.2 1185.8 1187.4 144-150
R.9 1190.4 1191.8 1193,2 1194.5 1195.8 1197,2 151-157
BeS 1199.7 1200.8 1201.8 1202.8 1203.8 1204.8 158-164
SeR 1206.7 1207.4 1208.0 1208.6 1209.2 12359.8 165-171
L) 121¢. @ 1211.2 1211.5 1211.8 1212.9 1212.1 172-178
2.1 1212.2 1212.3 , 179-181
F{D} ELLIPTICITY CNRRECTIONS

02 003 «N04 «005 |, .006 . 07 ) 08 09 01 01~ 1
D14 <015 <017 .010 <021 023 024 «026 .028 011-02
. 029 « 030 031 .032 032 +033 234 «034 <035 021-03
036 L0037 .038 .N39 « 039 « 040 J41 « 041 «042 031-040

043 « 43 « 044 044 « 045 « 045 D46 « 046 «047 041-050

« 048 « 04R <048 048 + 049 « 049 «Y4ag «N50 «050 051-060
052 «N83 «N54 s 165 «056 «N57 158 059 060 061-070

061 062 «N62 «N63 + 064 <064 165 « 065 <066 O0T1~080

066 « 066 «N66 <066 . 066 . 086 Jbb +066 .066 081«00n0
JL£66 . N6h «N66 «Oh6 £ 066 « 066 266 « 066 JN66 091-100

066 o 1) <066 086 . 066 « 066 066 <066 +066 101-110

. . . . . . . . . 111-120

- . . . B . - . - 121-136

. . . . . . . . . 131-140

. . . . . . . . . 141~150

. . . . . - . . . 151-160

. . . . . . . . . 161~170

. o . - . . . 171~-180

SEISMIC AND GENGRAPHICAL REGIONS

CFENTRAL ALASKA
RER ING SEA

NFAR TSLANDS, ALEUTTIAN TSLANDS
ANDREANOF TSLANDS, ALFUTIAN IS.
FNX ISt ANDSs ALEUTIAN [SLANDS

RRISTOL BAY

XNDTAK ISLAND REGINN
GULF OF ALASKA

SOUTH NF ALASKA
SNUTHEASTERN ALASKA

WFST OF VANCNIVER [ SLAND
RRYITISH COLUMBIA
VANCNUVER TSLAND REGION
NEAR COAST NF WASHINGTON
WASHINGTON

NEAR COIASY OF ORFGNN
WESTERN INAHOD

NEAR CMAST NF No CALTIFORNTA

44
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SQUTHERN AL ASKA

KOMANDORSKY USLANDS REGION

RAT FSLANDSs ALEUTIAN ISLANDS
PRIBILOE TSLANDS

UNIMAK ISULAND REGION

ALASKA PENINSULA

KENAT PENINSULA, ALASKA

ALEUTTAN ISLANDS REGEION

SOUTHERN YUKON TERRITDRY, CANADA
OFF COAST OF SOUTHEASTERN AUASXA
QUEEN CHARLOTTE [SLANDS REGION
ALBERYTA PROVINCE, CANADA

NFF COAST OF WASHINGYON
WASHINGTON-NREGAN BORDER REGINN
NFFE COAST OF OREGON

NREGON

TEF COAST OF NORTHERN CALIFORNIA
NORTHERN CALTFNRNIA

ot e spmventnis et




il

o n et bt e

127
129
131
132
135
137
139
141
143
145
147
149
151
153
155
157
159
161
163
165
167
169
171
173
175
177
179
181
183
185
187
189
191
193
195
197
199
2171
207%
206
207
209
211
213
216

PV P DODOORV DV ANNNANNALdADPTIPITDITAIIO AN AN NDNES DD ST DWW

O B OO DD

NFVANA 2R
CENTRAL CALIFNRN{A 40
SNUTHFRN NFVADA 42
SAITHERN CALTFENRNTA 44
CALIFORNIA-MEXICN RORDFR REGION 48
OFF W. COAST OF RAJA CALIFORNTA 48
GULF OF CALTFORNIA 50
OFF CNDAST DF CENTRAL MEXICH 52
RFVILLA GIGFNN TSLANDS RFGION 54
NEAR CDAST OF JALISCO, MFXICO 56
MICHNACAN, MEXICO 58
GUERRERD, MEXICO 60
(HTAPAS, MEXICO 62
NEF CNAST OF MEXICO 64
NFF CNAST OF GUFRRFRO, MEXICO 66
NFF CNAST NF OAXACA, MEXICO 68
NEAR CNAST NF CHTIAPAS, MEXICO 70
NEAR COAST OF GUATFMALA 72
£l SALVADOR 74
NTCARAGUA 76
0FF CDAST OF COSTA RICA 78
NORTH 0OF PANAMA 80
DANAMA g2
SOUTH OF PANAMA €4
CUBA REGION 86
HATTL YEGION 88
MNNA PASSAGF 90
VIRGIN [SLANDS 92
BPITISH HONDURAS 94
WINDWARD ISLANDS LT
NEAR CNAST DF VENFZUELA 98
NNRTHERN COLOMBRIA 100
VFENEZUELA 102
COLNMRTA 104
NEAR CNAST NF ECUADNR 106
ErUJADNR 108
NEAR COAST OF NORTHERN PERU 110
NNRTHERN PERU 112
WESTFRN BRAZIL . 114
NE&AR COAST 0OF PFRY i 116
SOUTHERN PERU - 118
NORTHERN BOLTVIA 120
OFF COAST DF NDRTHERN CHILE 122
NORTHERN CHILE 124
SOUTHERN BOLIVIA 126
CHILF-ARGENT INA BRROER REGION 128
SALTA PROVINCE, ARGENTINA 130
TUCUMAN PROVINCE, ARGENTINA 132
NNRTHFASTERN ARGENTINA 134
NESAR CODAST NF CENTRAL CHILE 136
SAN JUAN PROVINCE, ARGENTINA 138
MENDNZA PROVINCE, ARGENTINA 140
CORDOBA PROVINCE, ARGENTINA 142
OFF COAST OF SOUTHERN CHILE 144
S, CHILE-ARGENTINA BORDER REGION 146
TIFRRA NEL FUEGH 148
DRAKE PASSAGE 150
SOUTH GEORGIA ISLAND REGINN 152
SOUTH SANDWICH ISLANDS REGION 154
PALMER PENINSULA 156
WEDDELL SEA . 158
NORTH ISLAND, NEW ZEALAND 160
NFF W, COAST NF S. ISLAND, N, 7. 162
CNIK STRAIT, NFW ZFALAND 164
NORTH NF MACQUARIE [SLAND : 166
MACQUAPTF ISLAND REGION 168
SAMNA TSULANDS REGION 170
SOUTH NF FIJT1 ISLANDS 172
TONGA TSLANDS 174
SNUTH OF TONGA ESLANDS 176
KFRMANDFC TSLANDS RFGION 178
SOUTH NF KERMANFC TSLANDS 180
FIJ1 TSLANDS REGION 182
SANTA CRUZ TSLANDS REGION 184
NEW HEBRINES TSLANNDS RFGION 186
NEW CALEDONITA . 188
LOYALTY [SLANDS REGION 190
NDRTH OF SOLOMON TSLANDS 192
SNLOMON [SLANDS 194
SOLOMON TSLANDS REGION 196
NFAR N, COAST OF WFST NFEW GUINFA 198
ADMIRALTY ISLANDS REGION 200
WEST NEW GUINEA 202
BTSMARCK SEA 204
NEAR S, COAST NF WFST NFW GUINFA 206
EAST NEW GUINEA REGINN 208
WFST CAROLINE ISLANDS 210
SAUTH NF HONSHIS, JAPAN 212
VAL CANN TSLANNDS REATON 214
MARTANA [SLANDS REGINN 216
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OFF COAST 0OF CALTFORNTA
CALTFORNIA-NEVADA BORDER REGINN
WESTERN ART70ONA
CALIFORNTA-ARIZONA ROPNER REGTION
We ARIZONA-MEXTICD BORDER REGION
BAJA CALTIFORNEA

NDRTHWESTERN MFXTCOD

NEAR CDAST OF CENTRAL MEXICN

0FF COAST OF JALISCO., MEXICO

‘NEAR COAST OF MICHOACAN, MEXICO

NEAR COAS™ NF GUERRERO, MEX ICO
OAXACA, MEXICO
MFXTCO~GUAT EMAL A BORDER REGION
OFF COAST OF MICHOACAN, MEXICO
NEAR COASY 0OF DAXACA, MEXICO
OFF COAST 0OF CHIAPAS, MEXICD
GUATFEMALA

HONDURAS

NEAR COASY OF NICARAGUA

NFF COASY OF CENTRAL AMERICA
COSTA RICA

PANAMA-COSTA RICA BORDER REGION
PANAMA-COLDMBIA BORDER REGION
YUCUTAN PENTINSULA

JAMATCA REGINN

DOMINICAN REPUBLIC REGINN
PUERTO RICO REGION

LEEWARD TSLANDS

- CARIBBEAN SEA

NEAR NORTH COAST OF CDLOMBIA
TRINTDAD

LAKE HMAR ACATBRD

NEAR WEST COAST NF COLDMBIA
OFF COASY 0OF ECUADOR
COLOMBIA-ECUADDR BORDER REGINN
OFF COAST 0OFf NORTHERN PERU
PERU~ECUADOR BNROER REGINON
PERU-RRA7IL RORDER REGION
OFF COAST OF PERU

PERU

PERU~-BOLIVIA RORDER REGION
BOLIVIA

NEAR COAST NF NOPTHERN CHILE
CHTLE-BOLIVIA RDRDER REGION
PARAGUAY

JUYJUY PROVINCE, ARGENT INA
CATAMARCA PROVINCE, ARGENTINA
SANTTAGO DEL ESTERD PROVe, ARG.
OFF CNASY OF CENTRAL CHILE
CENTRAL CHILFE

LA RIOJA PROVINCE, ARGENTINA
SAN LUIS PROVINCE, ARGFNTINA
URUGUAY

NEAR COAST DOF SOUTHFRN CHILE
ARGENTINA

FALKLAND [SLANDS REGION

SCOTTA SFA

SOUTH GENRGIA RISE

SOUTH SHETL aND ISLANDS
SOUTHWESTERN ATLANTIC OCFAN
OFF W. COAST 0F No USLAND, No I,
OFF £. COAST OF N, ISLANDy, N, 7.
SOUTH TSLAND, NEW ZFALAND

OFF Eo COAST OF S, ISULANDy Ne Z.
AUCKLAND ISLANDS REGION

SOUTH OF NEW 7EALAND

SAMOA ISLANDS

WEST OF TONGA [SLANDS

TONGA TSLANNS REGIDN

NORTH OF NEW ZEALAND

KERMADEC TSLANDS

NORTH DF FIJ41 TSLANDS

FIJT ISLANDS

SANYA CRUZ TSLANDS

NEM HEBRINES ISLANDS

LOYALTY {SLANDS

NEW TRELAND REGION

NEW BRITAIN REGION
DENTRECASTEAUX ISLANDS REGION'
WEST NEW GUINEA REGION

NFW GUINEA REGION

NEAR NDRTH COAST (F NEW GUINEA
NEW GUINEA

AROE TSLANDS REGIDN

NEAR SOUTH COAST 0OF NEW GUINEA
ARAFURA SEA

SOUTH DF MARTANA ISLANDS

BONIN {SLANDS REGIDON

WEST OF MARTANA TSLANDS

MAR TANA  TSLANDS




217 19 KAMCHATKA 218 19 NFAR EAST COAST QOF KAMCHATKA

21@ 16 (IFF EAST CPAST NF KAMCHATKA 220 19 NORTHWEST 0OF KURILE [SLANDS
221 19 KURTLE [SLANDS 222 19 KURILE ISLANDS REGION
223 19 EASTERN SEA OF JAPAN 2264 19 HOKKAEDD, JAPAN, REGION .
226 16 OFE CNAST OF HMNKKAT(0, JAPAN 226 19 NEAR WEST COAST DF HONSHU, JAPAN
227 19 HONSHU, JAPAN 228 19 NEAR EAST COAST DF HONSHU, JAPAN
229 19 NFF EAST COAST OF HONSHU, JAPAN 230 19 NEAR S. COAST DF HONSHU, JAPAN
231 20 SNIITH KORFA 232 20 SOUTHERN HONSHU, JAPAN
233 27 NFAR S. CNAST OF SOUTHERN HONSHU 234 20 EAST CHINA SEA -
735 20 KYUSHU, JAPAN 236 20 SHIKOKU, JAPAN
237 20 SNUTHEAST NF $HIKNKU, JAPAN 238 20 RYUKYU ISULANDS
239 20 RYUKYU JSLANDS REGION 240 27 EAST OF RYUKYU [SLANDS -
241 20 PHILIPPINE SFA 242 21 NEAR SOUTHEASTERN COAST 0OF CHINA
243 21 TAUWAN REGINN 244 21 TAIWAN !
24% 2% NORTHEAST OF TAIWAN 246 21 SOUTHWESTERN RYUKYU TSULANDS
267 21 SNUTHEAST NF TATWAN 248 22 PHILIPPINE [SLANDS REGION }
269 27 LUT0ON, PHILIPPINE TSLANDS 250 22 MINDORO, PHILIPPINE [SLANDS l
251 27 SAMAR, PHILIPPINE 1SLANDS 252 22 TALAWAN, PHILIPPINE [SLANDS -
253 22 SULU STEA 254 22 PANAY, PHILIPPINE [SLANDS
256 22 CFBU, PHILIPPINF 1SULANDS 256 22 LEYTF, PHILIPPINE ISLANDS
257 27 NFGROS, PHILIPPINE ISLANDS 258 22 SANGIHE 1SLANDS
259 22 MINDANAD, PHILIPPINE ISLANDS 260 22 EAST NF PHILIPPINE ISLANDS
261 23 ANANED 262 23 CELEBES SEA
263 23 TALAUD 1SLANDS 264 23 NDRTH NF HALMAHE RA
265 22 NORTHFRN CELFBES 266 23 MOLUCCA PASSAGE
267 27 HALMAHERA 268 23 CELFBES
269 23 MNLUCCA SEA 270 23 CERAM SEA
771 23 AuRY 272 23 CERAM |
273 24 SDUTHWFST OF SUMATRA 274 24 SOUTHERN SUMATRA
275 24 JAVA SEA 276 24 SUNDA STRALT °
277 24 JAVA 278 24 BAL1 SFA
279 24 FLORES SFA 280 26 BANDA S A
281 24 TANIMBAR [SULANDS REGION 282 24 SOUTH OF JAVA ]
2R3 24 BAL 1 ISLAND REGION 284 24 SOUTH NF BALI ISLAND -
285 24 SUMBAWA TSLAND REGION 286 24 FLORES ISLAND REGION \
287 24 SUMBA TSLAND REGIDN 288 24 SAWU SEA 1
289 264 TIMDR 290 24 TIMOR SEA |
291 264 SPUTH NF SUMBAWA TSLAND 292 24 SDUTH OF SUMBA ISLAND
293 26 SOUTH OF TIMOR 294 25 BURMA-INDIA BDRDER REGION .
205 25 BURMA-EASY PAKISTAN BORDER REG. 296 25 BURMA i
297 25 BURMA-CHINA BORDER REGION 298 25 SOUTH BURMA
299 25 SNUTHEAST ASTA . 300 25 HAINAN ISLAND
301 25 SOUTK CHINA SEA 302 25 EASTERN KASHMIR
303 26 KASHMIR-INDIA BORDER REGION 304 24 KASHMIR-TIBET BORDER REGION
ang 26 YIBET~INDIA BORNDER REGION 306 26 VIBET
207 26 STECHWAN PRNVINCE, CHINA 308 26 NORTHERN INDLA
319 26 NFPAL~INDIA BNRDER RFGION 310 2~ NEPAL
311 26 SIKKIM 312 26 BHUTAN
313 26 INDIA-CHINA BRRDER REGION 314 25 INDIA
315 26 INDIA-FAST PAKISTAN BORDER REG. 316 26 EAST PAKISTAN v i
317 265 EASTERN INDIA 318 26 YUNAN PROVINCE, CHINA i
319 26 BAY NF BENGAL 320 27 KIRGIZ-SINK IANG BOROER REGION
321 27 SOUTHEAN SINKIANG PROV.y CHINA 322 27 KANSU PROVINCE, CHINA !
323 27 NORTHEON CHINA . 324 27 KASHMIR-SINKIANG BORDER REGION Lo
325 27 TSINGHAT PROVINCE, CHINA . 326 29 CENTRAL RUSSIA 4
¥ 327 2R LAKE BAIKAL REGION 328 28 EAST OF LAKE BATKAL -
3 . 329 28 FASTERN KAZAKH SSR 330 28 ALMA-ATA REGION
1 " 331 28 KAZAKH-STNKIANG RORDER REGTON 332 28 NORTHERN SINKIANG PROV., CHINA ]
4 333 2R USSR-MONGOLTA RNRDER REGION 334 28 MONGOLTA - :
335 29 URAL MOUNTAINS REGION 336 29 WESTERN KAZAKH SSR
. 337 29 FASTERN CAUCASUS 338 29 CASPIAN SEA
b 339 29 U7REK $SR 340 29 TURKMEK SSR . i
: 341 29 [RAN-USSR BNRDER RFGICN . 342 29 YURKMEN-AFGHANTISTAN BORDER REG, 3
343 29 TURKEY-IRAN RMRDER RFEGION 344 23 N.W. TRAN-USSR RORDER REGION
345 29 NPRTHWESTERN [RAN 346 29 {RAN-TRAQ BORDER REGION
347 29 WESTERN TRAN . 348 29 IRAN
149 29 NNRTHWFSTFRN AFGHANTSTAN 350 29 SOUTHWFSTERN AFGHANISTAN
251 29 EASTERN ARABIAN PENINSULA 352 29 PERSIAN GULF
353 29 SNUYTHERN TRAN 354 29 WESTERN PAKISTAN
] 355 29 GULFE OF OMAN 356 29 NEAR CDAST DF WESY PAKISTAN
. 357 20 SOUTHWESTERN RUSSIA : 358 30 RUMANIA
) 359, 3° BULGARTA 360 30 BLACK SEA
141 37 CRIMEA REGION 362 30 WESTERN CAUCASUS
363 30 GRFFCE~AULGARTA BORDER REGINN 364 30 GREECE
265 3" AEGEAN SFA 366 30 TURKEY
367 30 TURKEY-USSR B(IRDER RFGTON 368 30 SOUTHERN GREECE i
369 30 DNDECANESE [SLANDS 370 30 CRETYE :
371 30 FASTERN MEDITERRANEAN SEA 372 32 CYPRUS
273 30 DEAD SEA REGION 374 32 JORDAN - SYRIA REGION
375 310 1RAOQ 376 31 PORTUGAL a
377 31 SPAIN 278 31 PYRENEES .
379 31 NEAR SOUTH COAST AF FRANCE 380 31 CORSICA
381 31 CFNTRAL TTALY 382 31 ADRIATIC SEA
333 31 YIIGNSLAVIA 384 31 MEST OF GIARALTAR .
385 31 STRAITS NF GIBRALTAR 386 21 BALEARIC [ISLANDS j
: ART A) WESTERM MENTTERRANEAN SEA 388 31 SARDINIA
! : ARG 31 TYRRHENTAN SFA 390 31 SOUTHERN ITALY .
H 191 31 ALBANTA 392 31 GREECE-ALBANIA RORDER REGION
H 293 21 MANFIRA ISLANDS REGION 394 31 CANARY ISLANDS REGION
3 3106 21 MARACEN . 306 31 ALGERIA
%
)
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119
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403
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417
409
411
4173
418
617
410
471
«23
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403
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TUNTSTA

INONT AN SEA

NEAR COAST NF L IRYA

NORTH AYLANTIC RIDGE

ATNRFS T SLANDS

NARTH NF ASCENSTINN T SLAND
SOUTH ATLANTTIC OCEAN
TRISTAN DA CUNHA REGION
SAUTHWESY NF AFRICA

FASTERN GULF 0OF ADEN
APABIAN SFA

NORTHEASTERN SNMALTA

CARL SBFRG RIDGE

P ACCADIVE SEA

SOUITH INDIAN NCEAN
MASCARENE [SLANDS RFGION
MID~INDIAN RISE

PRINCE EOWARPN ISLANDS REGION
KFRGUELFN [SLANDS REGION
SNYTHEAST ENDIAN PISE

SNUTH NF AUSTRALTA

MANETNBA PROVINCE, CANADA
ONTARTIN

NORTHFRN QUEREC

LABRANNON

SOJTHERN QUEBRFC

FASTFRN QUFREC

NFW BRINSWICK

PRINCE EDWARD [SLAND, CANADA
NFWFAOUNDLAND

FASTFERN TDAHO

YELLOWSTONE NATINNAL PARK, WYOM,
NOARTH DAKATA

NFRRASKA

TAWa

TLLINATS

INNTANA

DHIN

PENNSYLVANTA

MAINE

GULF OF MAINE

COLORADD

INWA-MTSSOURT RORNER REGION
MISSOURIT .
FASTERN MISSNURY

CAOCE GIRARDE AU, MISSOURT, RFGION
SNUYTHERN TNDTANA

WEST VIRGINTA

CHESAPEAKE BAY REGION

FASTERN ARTI7NNA

TEXAS PANHANDNDLE RFGINN

OK{AHOMA

ARKANSAS-DKL AMOMA BORNDER REGINN
LOUTSTANA-TEXAS BNRDFR REGION
MISSTISSTPPY

ALABAMA

GFORGTA

SNYTH CARDOL INA

OFF FAST CDAST OF UNITED STATES
RAHAMA T SEANMDS £
MEXTCD~-NEW MFXICO BORDER REGION
SOUTHEPN TEXAS

CHIHUAHYA, MEXICN

CFNTRAL MEXICO

VFRA CRUZ, MFXICN

GULF NF CAMPRECHFE

ARTTISH GUIANA
FRENCH GUTANA
UNITED KINGNOM
SOUTHFRN NORWAY
RALTIC SFA

AAY NF RISCAY
RFLGTUM
GFRMANY
NORTHERN ITALY
C7FCHPSLOVAKTA
HUNGARY
SOYTHFRN ALGFRIA

UNTTED ARAR REPURLIC

WESTFRN ARABIAN PENINSULA

SUDAN

WFSTERN GULF OF ANEN

NFF S, COAST (OF NURTHWEST AFRICA
RTT MUNT

GARNN

PERYRLIC OF THE CONGD

LAKF VICTAPTA RFGINN

SOHUTHERN SNAMAL TA

TANGANYTKA

ANSOLA

-
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544
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" 548

S5C
552
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516
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35
36
3%
35
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37
37
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37
17
37
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37
37
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SICTLY

MEDITERR ANEAN SEA

NORTH ATI ANTIC OCFAN

AZNRFS TSLANDS REGINN
CENTRAL MID-ATLANTIC R[DGE
ASCENSINDN TSLAND REGION
S0UTH ATLANTIC RIDGF

ROUVET [SLAND REGION
SNUTHEASTERN ATLANTIC NOCEAN
SOCNTRA REGINN

LACCADIVE 1SLANDS REGIDN
NORTH INDIAN OCFAN

MALDIVFE {StLANDS RFGION
CEYLNN

CHAGNS ARCHIPELAGD REGION
ATLANTIC-INNTAN RISE

SOUTH OF AFRICA

CROZET ISLANDS REGION
AMSTERNDAM~NATURALISTE RIDGF
KFRGUELEN-GAUSSBERG RISE
SASKATCHEWAN PROVINCF, CANADA
HUDSON BAY

HUDSON STRAIT RFGIDN

DAVIS STRALT

FAST OF LABRADOR

GASPF PENINSULA

ANTICOST! ISLAND, CANADA
NOVA SCOTTA

GULF OF ST. LAWRENCE
MNNTANA

HEBGEN LAKE RFGION

WYOMING

SHUTH NDAKOTA

MINNESOTA

WISCONS IN

MICHIGAN

SOUTHFRN ONTARID

NFW YNRK

NORTHERN NEW ENGLAND
SOUTHERN NFW FNGLAND

UTAH

KANSAS

MTISSOURT-KANSAS RORNFR RFGINN
MISSNUR{-ARK ANSAS BORDER REGION
NEW MADRID, MISSOURI, REGION

SOUTHERN TLLINDTS
KENTUCKY

VIRGINIA

NEW JERSEY

NEW MEXICD

WEST TEXAS

CENTRAL TEXAS

ARKANSAS

LOUTSTANA

TENNESSEE

WESTERN FLORIDA
FLORTDA-GEORGIA BORDER REGION
NORTH CAROLIN

FLORIDA PENINSULA

F. ARTZONA-MEXICO BORDER REGTON
TEXAS-MEXICO RORDER REGIDN
TEXAS GULF CNASY
NNRTHERN MEXECO

JALISCO, MEXICO

GULF OF MEXICD

ARATIL

SUR TNAM

FIRE

NORTH SEA

SWEDEN

FRANCE

NETHERL ANDS

DENMARK

SWITZERLAND

AUSTRIA

POLAND

NORTHWEST AFRICA

LIAYA

RED SEA

CENTRAL AFRICA

ETHEOPT A

NORTHWESTERN SOMALIA
CAMFROON

CENTRAL AFRICAN REPURLIC
CANGA

UGANNA

KENYA

LAKE TANGANYIKA REGION
NIRTHWEST NF MALAGASAY REPUBLIC
NORTHERM RHNDIESTA



577 27 MNMYASALAND 8T8 37 SOUTHWEST AFRICA

579 37 AFCHUANALAND , 580 37 SMOUTHERN RHNDESTA
531 37 MO7ZAMBTIQUE SR2 3T MOZAMBIQUE CHANMNEL
583 37 MALAGASAY REPURLIC 584 37 UNIDN NE SOUTH AFRICA
515 37 BASITOLAND 586 37 SWAZTLAND .
5RT AT NFF CNAST NF SNUTH AFRICA 5R8 3IA NORTHWEST NF AUSTRALIA
589 38 WEST DF AUSTRALTA 590 38 WESTERN AUSTRALIA
Q1 28 NNRTHFRN TERRITORY, AUSTRALTA 92 38 SOUTH AUSTRALTA
593 M GULF NF CARPENTERIA 594 38 QUEENSLAND, AUSTRALTA
595 38 CNRAL SEA 596 38 SOUTH OF SOLOMON {SLANDS
597 37 NEW CALENONTA RFGINN 598 38 SOUTHWEST NF AUSTRALEIA
699 38 NFF SOUTH CHAST OF AUSTRALIA 600 38 NEAR SOUTH COAST NF AUSTRAL [A
671 38 NEW SOUTH WALES, AUSTRALLA 607 38 VICYDRIA, AUSTRALIA
613 38 NFAR S,F, COAST OF AUSTRAITA 604 38 NFAR EAST CDAST OF AUSTRALIA
605 3R EAST OF AUSTRALIA 606 3B NORFOLK [SLAND REGION

. 607 38 NORTHWEST OF NEW 7FALAND 608 39 BASS STRAIT
609 38 TASMANTA REGION 610 38 SDUTHEAST 0OF AUSTRALIA
611 39 NNRTH PACIFIC OCEAN 612 39 HAWATIAN ISLANDS REGION
613 19 HAWATIAN [SLANDS 614 39 CARDLINE ISLANDS REGICN
615 39 MARSHALL TSULARNDS REGINN 616 39 ENIWETOK ATOLL REGION
617 39 RIKINI ATOLL REGION 618 39 GILBERT ISLANDS REGION
619 29 JOHNSON ISLAND REGION 620 39 LINE ISLANDS REGION
&£2Y 39 PALMYRA ISLAND REGION 622 39 CHRISTMAS ISLAND REGION
623 20 FLLICE TSLANRS REGYON 624 39 PHOENIX ISLANDS REGION
625 39 TEKELAU TSLANDS REGION 626 33 NDRTHERN COOK ISLANDS
627 37 COOK ISLANDS REGION 628 39 SOCEETY ISLANDS REGIOM
629 39 TURUAI TSLANDS RFGION 630 39 MARQUESAS [SLANDS REGINN
631 30 TUAMOTUYU ARCHIPELAGN REGJON 632 39 SQUTH PACIFIC DCEAN
633 49 LOMONDSNV RIDGF 634 4" ARCTIC OCEAN
635 40 NFAR NORTH COAST 0F GRFEENLAND 636 40 EASTERN GREENLAND
637 40 ICFLAND REGION 638 49 ICELAND
639 40 JAN MAYEN ISLAND REGION 640 43 GREFNLAND SEA
641 40 NODRTH NF SVALBARD 642 40 NORWEGIAN SEA ,
643 4C SVALBARD REGIDN 644 40 NNRTH OF FRANI JOSEF LAND
645 40 FRANY JOSEF LAND 646 47 NORTHERN NDRWAY
647 40 BARFNTS SEA 648 40 NOVAYA ? FMLYA
649 41 KARA SEA 650 40 NFAR COAST OF WESTERN SIBER fA
651 4N NORTH NF SEVERNAYA ZEMLYA 652 40 SEVERNAYA 2FEMLYA
653 40 NEAR COAST NF CENTRAL SIBERTA 654 40 EAST OF SEVERNAYA JEMLYA
655 40 LAPYEV SEA 656 41 EASTERN RUSSIA

657 41 E, RUSSTA-N.F, CHINA BORDER REG. 658 &1 NORTHEASTERN CHINA
6%9 41 NORYH KNREA . 660 41 SEA NOF JAPAN
661 41 MEAR F, COAST DF EASTERN RUSSIA 662 41 SAKHALIN ISLAND

A3 4) SFA OF DKHOTSK 664 41 EASTERN CHINA

: 665 41 YELLOW SEA 666 4) OFF COAST OF EASTERN CHINA

1

2 ‘A6T 47 NORTH NF NEW SIBERTAN ISLANDS 668 42 NFW SIBERIAN [SLANDS

5 669 42 FAST SIRERTAN SFA 670 42 NEAR N, COAST OF EASTERN SIBERIA
71 42 FASTERN SIBERIA ) 672 42 CHUKCHI SEA

g 673 42 BERING STRAIT 674 42 ST, LAWRENCE ISLAND REGION

j 675 42 BFAUFDRT SFA 6T6 42 ALASKA

677 42 NORTHERN YUKON YERRITORY, CANADA 678 42 QUEFEN ELYZABETH ISUANDS
679 4?7 NORTHWEST TERRITORIES, CANADA 680 42 WESTERN GREENLAND

; 6081 42 BAFFIN BAY 682 42 BAFFIN (SUAND REGTON
i 683 43 SNYTHEAST CENTRAt PACIFIC OCEAN 684 43 FASTER ISLAND COROILLFRA
685 43 EASTER ISLAND REGINN - 686 43 WEST CHILE RISE
. 687 43 JUAN FERNANDE7 TSLANDS REGION 688 43 EAST NF NORTH ISLAND,y N. I,
- 689 42 CHATHAM [SLANDS REGION 690 43 SOUTH OF CHATHAM ISLANDS
691 43 SOUTH PACIFIC CORDILLERA 692 43 SOUTHERN PACIFEC DCEAN
£93 44 FAST CFNTRAL PACIFIC DCEAN 694 44 NORTHERN FEASTER T. CORDILLERA
695 44 WEST OF GALAPAGNS TSLANDS 696 44 GALAPAGOS [SULANDS REGION
697 44 GALAPAGNDS TSLANDS 698 44 SOUTHWEST 0OF GALAPAGOS ISLANDS
699 46 SOUTHEAST NF GALAPAGOS TSLANDS N0 45 SOUTH OF TASMANTA
TOL 45 WEST OF MACQUARIE ISLAND 702 45 BALLENY ISUANDS REGION
TH3 46 ANDAMAN ISLANDS REGION T04 46 NICDRAR TSULANDS REGION

705 46 OFF W, COASY OF NORTHERN SUMATRA 706 46 NORTHERIN SUMATRA
T07 46 MALAY PENINSULA . 708 46 GULF OF SIAM

709 47 AFGHANISTAN 710 4T WEST PAKISTAN

TIl 47 SOUTHWESTERN KASHMIR 712 47 INDIA-WEST PAKISTAN BORNER REG,
713 48 CENTRAL KAZAKH SSR 714 48 SOUTHEASTERN UZBEK SSR

715 48 TADZHIK SSR 716 48 KIRGIZ SSR

717 48 AFGHANT STAN-1SSSR BORDER REGTON TIR 48 HINDU KUSH REGION
719 4" TADZHIK-SINKTANG RNRDER REGIDN 720 48 NNRTHWESTERN KASHMIR

7?21 49 FINLAND 722 49 NDRWAY-USSR BORDER REGION

; 723 49 FINLAND-USSR BORDER REGION T24 49 WESTFRN RUSSITA

i 7125 49 WESTERN SIBERTA 726 49 CENTRAL SIBERIA

) 727 50 VICYORTA LAND, ANTARLTICA 728 50 ROSS SEA

i 729 6N ANTARCTICA 730

A 1 ALASKA - ALEUTIAN ARC 1

; 2 EASTERN ALASKA TO VANCOUVER ISLAND 2
3 CALTFORNIA -~ NEVADA REGION 3
4 BAJA CALIFORNTA AND RULF 0F CALIFORNIA 4
5 MEXTICD ~ GUATEMALA AREA 5
& CENTRAL AMFRICA [
7 CARTARFAN tDOP 7
R OANDEAN SOUTH AMERICA 8
9 EXTREME SOUTH AMEPICA 9
10 SNUTHERN ANTILLES 10
11 MFW 7FALAND REGION 11
172 KFRMANEC ~ TONGA =~ SAMOA ARFA 12
13 F1J1 TSUANDS AREA- 13

48



14 NTW HERRIDES [SLANDS 14
15 AISMARCK AND SNLOMON [ SLANDS 15
16 NFW GUINFA 16
17 CAROL INE [SLANDS TO GUAM 17
1A CUAM TO JAPAN . 18
1O JAPAN = KURILES = KAMCHATKA . 10
25 SOUTHWESTERN JAPAN AND RYUKYU ISLANDS 29
21 TATWAN 21
72 PHIILTPPINES 22
23 RORNEN - CELEWFS 23
24 SUNDA ARC 24
25 BURMA AND SNUTHEAST ASIA 25
26 INDTA = YIRET - SZECHWAN = YUNAN 26
27 SOUTHERN SINKIANG T KANSY 27
28 ALMA-ATA TO LAKE 3JAIKAL ‘ 2a
29 WESTERN ASTA 29
30 MTODLF EAST - CRIMEA ~ RALKANS 30
3] WESTERN MEDITERRANEAN AREA 1)
37 ATI ANTIC UCEAN 12
13 TNDTAN DCEAN 33
34 FASTERN NORTH AMERTCA _ ETA
35 FASTERN SOUTH AMERTCA , 15
16 NORTHWESTERN FURDPE 36
2T AFRICA . 37
38 AUSTRALTA 3R
36 PACIFIC BASIN v 39
40 ARCTIC 70ONE 40
41 EASTFRN ASTA PRy
42 NLE. ASTA, NDRTHERN ALASKA TN GREENLAND 42
4% SNUTHEASTEPN AND ANTARCTIC PACIFIC 43
44 GALAPAGDS AREA _ 44
45 MACQUARIE LONP 45
46 ANDAMAN ISLANDS TN SUMATRA 46
47 BALUCHISTAN 47
48 HINDU KUSH AND PAMIR 4n
49 NDRTHERN ASTA 49
S0 ANTARCTICA 50

1TABLE & STYATTONS
YKA  YELLOW KNYFE ARPRAY CANADA LAT#62.492858 LONG-114,674593
EXA  FSKDALEMIJIR ARRAY SCOTLANN LAT+55.333189 LONG -3,158756

GRA  GAURTBIDANUR ARRAY INDIUA LAT+13.60416T7 LONG +77.436111

WRA WARRAMUNGA ARRAY AUSTRALIA LAT-19,94T778 LONG+134.350833

FRNM
0336K70 404S 1748E O033KM 11 76163SD 19N 9SEP26 5511164260966
04617021 374N 1142W  D23KM 3 70 41SD 933N  5SEP2e6 5514422260966

0422512 223N  1179E OI9KM MAGSS N0 321 T1243SD 09N 22SEP26 5515217260966
NS1N5RY 275N 0926F NIAKM MAGSS6 NO  R26 67313SD  1IDON 38SEP26 5511557260966
060484 276N 0927E  03I3IKM MAGS2 NO 126 T74313SD 14N  6S€EP26 5518192260966
0610082 1605 1757TW  145KM MAG47 NO 312 76173SD  0AN 1BSFP26 5511165260966

FND
KFND
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