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1. INTRORUCTIAN

HYPO71 is a computer program for determining hypocenter, magnitude and
first motion pattern of local earthquakes. It was primarily designed for
processing large amounts of earthquake data recorded at close range on a dense
network of seismographs. The present writeup is for the final version of
HYPQ71, which supersedes HYPO7/0Q-.

For the last year and a half, HYPO70 and earlier versions of HYPO71 were
extensively used to process earthquake data in central California. The complexity
of crustal structure has led to the introduction of crustal models with variable
first-layer thicknesses for individual stations. Modifications have alsc been
made to improve earthquake locations for the NCER Alaskan network, which has
station spacing of about 30 km and earthquakes with a wide range of focal
depths.

The present writeup i;‘intended as a manual for HYPO71 users. Emphasis
has been placed upon how to use the program. We have greatly benefited from
Eaton's computer program HYPOLAYR (Eaton, 1969), and wish to thank Jerry Eaton,
Bob Hamilton, and Bob Page for their helpful discussions, Comments and criticisms
of HYPO71 from users are welcome so that further improvements can be made.

HYPO71 differs considerably from HYPOLAYR (and its revised version HYPOMAG)
in its scope and design. Although major results of HYPOLAYR (or HYPOMAG) could
be reproduced with HYPO71l, several additional features are available in HYPO71
to streamline routine data processing. Several schemes of detecting errors in
input data are used to prevent erroneous solutions and premature termination.
Options to make first-motion plots, calculate duration magnitudes, map residual

minima and compute more realistic travel times are now available,



2. HCW TO USE HYPQ71

HYPQ71 was written in FORTRAN IV for IBM 360/65 or 360/67 computers, and
is listed in Appendix 1. It may be executed under the FORTRAN H or WATFIV
compilers and requires 150,000 bytes of core storage. For NCER users, a load
module of HYPO71 has been created and stored on disk at the USGS computer.
Since compilation and link-editing are not needed to execute a load module,
considerable saving in computer time is achieved (about 2 minutes per run}.
In the following sections a step-by-step description of how to use the load
module of HYPO71l is presented. A listing of a test run is illustrated in

Appendix 2.

2.1 Deck Setup.
To execute the load module of HYPO71l, the following deck setup is

required:
(1) JOB card
{(2) JCL cards
{3) DATA cards
{4) [* card
JOB card must be prepared according to the USGS Users' Manual. One should

normally allow 1 second computer time and 100 lines printout for each earthquake.

In addition, 5 seconds and 500 lines should be allowed for owverhead.

2.2 JCL Cards.
JCL cards for executing the HYPO71 load module (stored on the USGS computer)

are 1llustrated in Appendix 2.

2.3 Data Cards.
These cards contain the input data, and are set up as follows. A quick
reference for variable names and formats of the input data is given in Figure

1. To denote a blank punch in the text, we use .
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" HYPO71 is a computer program written by Willie Lee and John Lahr for
determining hypocenter, magnitude, and first motion pattern of local earthquakes.
The program was dated December 21, 1971, and a user's manual was published
as an open-file report of the U.S. Geolcgical Survey on March 30, 1972,

The present document describes revisions of HYPO71 and replaces the interim
"2ddendum and erratum to HYPO71 manual' dared Xay 31, 1973.

HYPO71 was originally written te process local earthguake data
recorded by a large seismic network in central California. For the past
two years, this program has been applied to various local earthquake
data by over a dozen users. It is therefore desirable to generalize
HYPO71l for worldwide usage. TIn addition, a few "bugs' in HYPC71 were
discovered and corrected. These program revisions were carried out by
Willie Lee in December 1973.

Not all HYPQ71 users need the new revised version of the program
because the corrections may not be necessary for their applications. 1In
particular, if vour seismic stations are located in the northwestern
quadrant of the world, and if vou do not use the azimuthal weighting op-
tion, you do not need the new version. For chose usars who need the revised
HYPQ71, please write to Willie Lee and specify whether vou need the program
in EBCDIC punched code for IEBM 360 or 370 computers or in BCD punched code
for CDC computers. -

2. PROGRAM REVISIONS

Station Locations

The original HYPO71 program assumes that the seismic stations are
located in the northwestern quadrant of the world. Therefore, the azimuthal
angles and consequently the first-motion plot will not be correct if the
seismic stations are located in other quadrants of the world. The present
revision removes this restriction by requiring specifications of which
quadrant the seismic stations are located. This is carried out by punch-
ing either N (for North) or $§ (for South) after the latitude, and by
punching either E (for East) or W (for West) after the longitude on every
station card in the station list. The details for this operation are
described im Section 3.1.

1f no quadrant specifications are given, the program will assume it
is the northwestern quadrant. All seismic stations must be locatad in the

-] -



2.2

2.3

3.1

same quadrant. This restriction is not critical because one can always
add a2 constant to station longitude (or latitude allowing for a small
error) to transform all stations to the same quadrant. But one must
remember to subtract this constant from the epicenter coordinates.

Azimuthal Weighting

We are grateful to Mr. Ray Buland of University of California at San

- Diego for pointing out two errors in the original HYPO71 program concera-

ing the azimuthal weighting: (1) If any S-arrivals are used in the loca-
tion, the azimuthal weighting is incorrect because the azimuths (arrav AZ)
are computed from 1 to NRP (total number of P-arrivals) in subroutine
OUTPUT, but indexed from 1 to NR (total number of P- and S—-arrivals) in
subroutine AZWT0S. (2) If IPRN is zerc {(i. e., no intermediate printcut
for every iteration step), then azimuthal weighting will not function at
all because QUTPUT is not called, and so azimuths are not computed.

These two errors have been corrected in the revised HYPO71 progranm by
computing the azimuths (indexed from 1 to NR) in subroutine AZWTCS.

Miscellaneous Corrections

The following minor "bugs" in the original HYPO71l program have been
corrected even though they occur very infrequently:

(1) If the P~arrival of the station nearest tec the earthcuake epi-
center was not used in the location (i. e., has zero weight either due to
input specification or due to large residual, then DM (epicentral distanca
to the nearest station) is not computed correctly. This error has been
corrected in the revised HYPO71 by computing DM to the nearast station
that has positive weight for either P- or S-arrival.

(2) If a station has zero weight for P-arrival but positive weight
for S—arrival, then GAF (largest azimuthal separation between statiocas)
is not computed correctly. This errcor has been corrected in the revised
HYPO71 by computing GAP from all stations that have positive weight for
either P- or S-—arrival.

(3) If the iteration is terminated in the first step, the original
HYPO71 program will skip an extra page when KSEL is selected to be 1 (for
starting each earthquake at a new page). This error has also been cor-
rected.. ’

3. CORRECTIONS TQ HYPO71 MANUAL

Corrections due to Procram Revisions

In order to specify which quadrant of the world the seismic stations are
located, we need to punch either N or § after station latitude and to punch
either E or W after station longitude. Therefore, please add the following
to your HYPOJ71 Manual:



3.2

P. 9: between line 13 and 14, add:
Column = 14, Name = INS, Format = Al, Explanation = N for
Station north latitude; § for south latitude, Examples = N or S.
Format “
No. 1 P. 9: between line 15 and 16, add:
Column = 23, Name = IEW, Format = Al, Explanation = E for
east longitude; W for west longitude, Examples = E or W,
P. 10: between line 16 and 17, add:
(’ Column = 14, Name = INS, Format = Al, Explanation = ¥ for
Station north latitude; S for south latitude, Examples = N or S,
Format

3
No. 2 i P. 10: between line 19 and 20, add:
Column = 24, Name = IEW, Format = Al, Explanaticn = E for
k‘ east longitude; W for west longitude, Example = E or W

Appendix 1 (p. 41-90) of the HYPO71 Manual is a listing of the original
HYPO71 program. This should be replaced by a listing of the revised HYPO71
program. However, it is toco cumbersome tc do sc. Therefore, any user
wishing to have a listing of the revised HYPC7l program should request it
by writing to Willie Lee. Furthermore, Figure 1 (p. 5) should contain the
additional latitude and longitude information given above.

Corrections due to Typographical Errors

The following corrections should be made in the HYPO71 Manual (the
program itself is correct):

p- 18: 1line 4 from the bottom:
"If the system number (KLAS)...an earthquake event' should read
"The system number (KLAS), and/or standard calibration (CALR)
for any station may be changed from time to time by inserting
a calibration card like an earthquake event."

p. 18 1line 7: "21" should read '"'22", and add the following lines:
Column = 59-62, Xame = CALX, Format = F4.1,
Explanation = New station calibration value (10 pv signal in m),
Examples = 13,2 '

p- 38: 1line 5 from the bottom: 2
log(D) should read log(D™)

p. 40: line 4 from the bottom:
"Seismel. Soc. America Bull. {in preparaticn].' should be
replaced by "Open File Report, U. S. Geological Survey, 28 pp.,
1972.

1

4., ADDITIONAL TIPS FOR USING HYPO71

Locating local earthquakes accurately requires considerable efforts:
one must have accurate station coordinates (better than #0.1 km if possible)},



a reasonable crustal structure (from controlled explosions), and reliable

P~ and S-arrivals. No computer program will give correct answers if the
input data contain errors. Therefore, one should not expect "miracles"

from poor data, and one should always check his data carefully before
feeding them to a computer program such as HYPO71l. One should alsc remember
that small residuals and standard errors are not sufficient to guarantee
accurate hypocenter solution.

HYPO71 is designed to catch a few obvious mistazkes in the input data,
but users should not count on it to catch all their errors. HYPO71l also
provides an accessment on the quality of the hypocenter solution (p. 22)
and auxiliary information. Users are urged to study these outputs care-
fully. Finally, users should review p. 7-8 of the HYPO71 Manual concerning
the "TEST VARIABLES." Values for "TEST VARIABLES" must be carefully chosen
for a given application because they determine how the program geoes about
locating the earthquakes. The standard values in the program were developed
for the large and closely spaced network of seismic stations in central
California (with over 100 stations and station separation is usually less
than 10 km).

For seismic network of less than, say, 10 or 20 stations, we would
recommend trying TEST (03) = 0.5, and TEST (06)=< 1. (see p. 7 of HYPO71
Manual). In addition, the following comments may be helpful:

(1) TEST (01) should be set to a value approximately equal to the
timing accuracy of P~arrivals in seconds.

(2) TEST (02) should be set to a value approximately equal to station
spacing in kilometers.

(3) TEST (03) should be set according to the number and quality of
P- and S-arrivals. 1In general, we recommend a value hetwegen 0.5 to 2.
If TEST (03) = 0., a simple multiple regression is performed regardless
whether the matrix is ill-conditioned (p. 27-29). This is not desirable
because the hypocenter solution may be meaningless. On the other hand,
if TEST (03) is set to 2 or greater, then Geiger's iteration may he ter-
minated prematurely, before a good hypocenter is found.

(4) TEST (05) should be set to a value approximately equal to half
the range of focal depth expected. For example, most earthquakes have
focal depths between 0 and 10 km in central California. Therefore, we use
a value of 5 km for trial focal depth (p. 11), and TEST (05) = 5 km.

(5) TEST(13) should be set to a value approximately equal to the
standard error of epicenter in kilometers.

Finally, comments and criticisms of HYPO71 from users are welcome
so that further improvements can be made.
call Willie Lee (415-323-8111, Ext.
using HYPO71.

Users are urged to write or
2630) should any problem occur in
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a)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
Q0)

a

(12)

Item

Heading card
Reset list
Selection card
Station list
Blank card
Crustal model list
Blank card

Control card
Phase list
Instruction card

Additional instruction list

Recycle card

Maximum Remarks Page
Number
of cards
1 optional 6
13 optional 6
1 8
150 9
1 to signal end of (&)
20 11
1 to signal end of (6)
1 11

100 14
repeated for each quake 16

optional 16

optional, see below

Previous items may be repeated by using a recycle card to be punched on

columns 2 to 4

2.3-1 Heading Card.

Columns (2 to 4)

*kk

$$9

cee

each earthquake in the output.

in columms 26 to 74.

2.3-2 Reset List.

up to a maximum of 13.

Remarks

Repeat (1) to (12) by returning to (1)
Repeat (6) to (12) by returming to (6)

Repeat (8) to (12) by returning to (8)

This card is optional and is used to write a heading above

Punch HEAD in columns 1 to 4, and the heading

This list is optional and may contain any number of cards

The purpose of this list is to reset wvalues of the



test variables used in the program. The standard values (initiated by the
program) are appropriate for earthgquakes recorded by the USGS California
Network of stations. Careful consideration should be given to their definitions
and the values appropriate to a given set of data before this program is used.

An example of a reset card is:

RESET&TEST(OG)-O.75 starting at columm 1. The subscript of the test variable
myst be punched in columns 12 apnd 13, and the value of the test wvariable must
be punched in F~format in columns 16 to 25. Definitions for the test wvariables

are given as follows:

Test Standard Definition
Variable Value
TEST(0L) 0.1 sec TEST(01l) is the cutoff value for RMS

below which Jeffreys' weighting of
residuals 1s not used.

TEST(02) 10 km For each iteration step, if the epicentral
adjustment > TEST(02), this step is re-
calculated without focal-depth adjustment.

TEST(03) 2. Critical F~value for the stepwise multiple
regression (Draper and Smith, 1966).

TEST (04) 0.05 km If the hypocentral adjustment 1s less
than TEST(04), Geiger's iteration is
is terminated.

TEST(05) 5. km If the focal-depth adjustment (D2) is
greater than TEST(05), DZ is reset to
DZ / (K + 1), where K = DZ / TEST(5).

TEST(06) 4, If no significant variable is found in
the stepwise multiple regression, the
critical F-value, TEST(03), is reduced
to TEST(03)/TEST(06), and the regressicn
is repeated. If TEST(06) <l., then the
regression is repeated to find one variable,
and the adjustment is made only if it is
greater than TEST(06)* standard error.



Test Standard Definitipn

Variable Value

TEST{(07) . =0,87 Coefficients for calculating the duration
magnitude (FMAG) (Lee, Bennett and Meagher,
1972):

TEST (08) 2.00 FMAG = -0.87 + 2 log(T) + 0.0035 D
where T is signal duration in sec, and D is

TEST{09) 0.0035 epicentral distance in km.

TEST(10) 100 km If the latitude or longitude adjustment
(DX or DY) is greater than TEST(10), then
DX is reset to DX/(J+l), and DY is reset
to DY/(J+1l), where J = D/TEST(10), D being
the larger of DX or DY.

TEST(11) 8. Maximum number of iterations in the hypo-
central adjustment.

TEST(12) 0.5 If the focal-depth adjustment (DZ) would
place the hypocenter in the air, then DZ
is reset to DZ = -Z * TEST(12), where Z 1s
the focal depth.

TEST(13) 1. km Auxiliary RMS values are optionally calculated

at ten points on a sphere of radius A/3 * TEST(13)
Eight of the ten points fall on the corners of
a cube, with sides equal to 2 * TEST(13).

2.3-3 Selection Card. In HYPO71l, travel time from a trial hypocenter to a

station is calculated from a given crust model consisting of multiple horizontal
layers. Each layer is gpecified by a P-velocity and the depth to the top of

the layer. Additional complexity in crustal structure may be modeled in two
ways!

a) Station Delay Model. The selection card is a blank, and the station delay

is simply added to the calculated travel time for each statiom.

b) Variable First-Layer Model. The selection card has a 1 punched in Column I.

To account for different travel paths, the station delay at a given station is
convérted te an equivalent first-layer thickness. This then alters the crustal
structure under this station. In other words, all stations have slightly
different crustal structure: the P-velocities are the same, but the layer

thickness of the first and second lavers differ from station te station. In



addition, two delays may be assigned to a given station corresponding to
different earthquake source regions.

2.3-4 Station List. For each seismograph station, a station card must be
punched. Use Station Format No. 1 for the Station Delay Model, and Station

Format No. 2 for the Variable First-Layer Model.

Station Format No. 1 (for Station Delay Model)

Column Name Format Explanation Examples
2 IW Al If IW = *  then this station Normally blank

has zerc weight assigned to
its P and/or S reading(s).

3-6 NSTA Ab Station name SBSM or ﬁMOB

7-8 LAT1 I2 Degree portion of latitude 37

9-13 LAT2 F5.2 Minute portion of latitude 15.72

15-17 LON1 I3 Degree portion of longitude 121

18-22 LON2 F5.2 Minute portion of longitude 30.45

24=-27  IELV 14 Elevation in meters™ 1250 or ,,50

29-33 DLY F53.2 Station delay in seconds +0.20 or -0.08

38-42 FMGC F5.2 Station correction for FMAG +0.25 or -0.530

45-49 XMGC F5.2 Station correction for XMAG +0.25 or -0.50

51 KLAS I1 System number is assigned 0 for Wood-Anderson
for each station so that 1 for NCER Standard
the frequency response 2 for EV-17 & Develco
curve of the seismometer 3 for HS=-10 & Teledyne
and preamp 1s specified 4 for HS-10 & Develco
for the amplitude magnitude 5 for L-4C & Develco
calculation (XMAG) 6 for L-4C & Teledyne

7 for L-4C replacing

HS=-10 & Develceo
8 for ten-day recorders

53-56 PRR F4.2 Standard period for XMAG 0.15 or blank
58-63 CALR F6.2 Standard calibration for 10.50 or blank
XMAG A

* Elevation is not used in this program,

9



Station Format No. 1 (for Station Delay Model) --Continued

Explanation

Calibration indicator: punch
1 if one always wants to use
the standard calibration;
otherwise leave it blank.

Year, month, and day

Hour and minute

Examples

1 or blank

710625 or blank

1224 or blank

Station Format No. 2 (for Variable First-Layver Model)

Column Name Format
65 ICAL Il
71-76 NDATE I6
77-80 NHEMN T4
Column Name Format
1-4 NSTA Ab

5 Iw Al
6-7 LAT1 I2
9=-13 LAT2 F5.2
15-17 LON1 13
19-23 LON2 F5.2
25-28 IELV I4

34 MNO jul
36-40 DLYL F5.2
52-46- DLY?2 F5.2
48-52 XMGC F5.2
54-38 FMGC F5.2

Explanation

Station name

If IW=%, then this station
has zero weight assigned

to its P or S readings.
Degree portion of latitude
Minute portion of latitude
Degree portion of longitude

Minute portion of longitude

Elevation in meters’

Preferred model number.

If MNO=1 and this station

is nearest to the earthquake,
then model 1 is used.

Station delay for model 1 in
sec.

Station delay for model 2 in
sec.

Station correction for XMAG

Station correction for FMAG

10

Examples

SBSM or AMOB

Normally blank

37
15.72
121
30.45

1230 or A&SO

l or 2

+0.20 or =0.08
+0.20 or -0.08

+0.25 or -0.50

+0.25 or -0.50



Station Format No. 2 (for Variable First-Layer Model)

Column Name Format

60 KLAS 12

61-66 CALR F6.2

68 ICAL I1

71-76 NDATE I6
77-80 NHRMN 14

2.3=5 Crustal Model List.

be punched as follows:

Explanation Examples

System number (see explana-
tion in Station Format No, 1).

Standard calibration for XMAG ﬁ10.50 or blank

Calibration indicatort punch 1 or blank
1 if the standard calibration
is to he used; otherwise leave

it blank.
Year, month and day 710625 or blank
Hour and minute 1224 or blank

For each flat layer, a crustal model list card must

" Column Name Format : Explanation Examples
1-7 v F7.3 P-velocity in km/sec in a &53'566

given layer

8-14 P F7.3 Depth in km to the top of a

given layer

ﬂﬂo .U{J‘3 for the

first layer

2.3-6 Control Card. This card selects some of the options in HYPO7! and must

be punched as follows:

Column Name Format Explanation Examples
1-5 ZTR F5.0 Trial focal depth in km &ﬁas.
6-10 XNEAR F5.0 Distance in km from aQSG.
epicenter where the
distance weighting is 1
11-15 - XFAR F5.0 Distance in km from 200.

epicenter beyond which

the distance weighting is 0

11



2.3-6

Colunmn Name Format
16-20 POS F5.2
25 1q Il
30 KMS Il
34-35 KM I2
40 IPUN 11
45 IMAG Il
50 IR I1

Control Card -- Continued

Explanation

Ratio of P-velocity to
S-velocity

Quality class of earth-
quake to be included in
the summary of residuals

Indicator to check
missing data

Minimum number of first
motion readings required
before it is plotted.
Leave it blank if no
first motion plot is
needed,

Indicator for punched
cards

Method of selecting

earthquake magnitude (MAG)

Number of new system
response curves to be
read in. Normally leave

it blank unless one wishes

to override the NCER
system response curves.
See page 54 (HYPOOS31 -
HYP0O0536),

12

Examples

Al.?8 is recommended

1 for class A

2 for A and B

3 for A, B, and C
4 for all

0 for NOT checking
1 for checking

15 or blank

for no punched cards

for punching summary cards

for punching summary and

station cards

3 for punching summary cards
and new station list with
revised residuals

4 for punching summary cards

and new station list with

revised system number and

standard calibration.

N O

D for MAG = XMAG

1 for MAG = FMAG

2 for MAG = Eﬁéﬁqg_zﬁéﬁ
blank



2.3 Control Card — Continued

Column Name Format
55 IPRN 11
57 { RTEST 11
C
0 < )
58 D KAZ Il
) E
59 KSORT 11
60 q KSEL 11
63~64 LAT1 12
66-70 LAT2 F5.2
712~-74 LON1 I3
76-80. LON2 F5.2
Note:

Explanation Examples

Indicator for printed 0 for final solution

output, We recommend and station residuals

IPRN = 1 1 for above plus one
line each per iteration

2 for above plus station
residuals per iteration
3 for above plus details

from stepwise multiple
regression

If KTEST = 1, then 1 or blank

auxiliary RMS values are

calculated at ten points

on a sphere centered at

the hypocenter. This aption

will help to determine

if the solution is at the

RMS minimum.

If KAZ = 1, then azimuthal 1 or blank

weighting of stations is

applied. See page 29,

If KSORT = 1, then the 1 or blank

stations are sorted by

distance in the output

If KSEL = 1, then printed 1 or blank

output for each earthquake
will start at a new page.

Degree portion of the trial-
hypocenter latitude

Minute portion of the trial-
hypocenter latitude

Degree portion of the trial-
hypocenter longitude

Minute portion of the trial-
hypocenter longitude

If columns 63-80 are blank, then location of the nearest station is used

as trial-hypocenter (with addition of 0.1 minute to both latitude and longitude

13



to avoid

"ARCTAN (0/0)"

epicenter and station).

a phase list card must be punched as follows.

in the phase list.

Colummn MName Format
1-4 MSTA A4
5% [ m
? :
i |
6 | Al
7 >> PR ¢ Al
8 F1.0
- b
10-15 KDATE 16
16-17 KHR 12
18-19 KMIN 12
20-24 SEC F5.2
32-36 s F5.2

in calculating the azimuth between

Explanation

Station name

Desceription of onset of
P-arrival

"P" to denote P-arrival

First motion direction
of P-arrival

Weight assigned to
P-arrival

Year, month, and day
of Pwarrival

Hour of P-arrival
Minute of P-arrival
Second of P-arrival

Second of S-arrival

14

For each seismographic station recording the earthquakes,

A maximum of 100 cards is zllowed

Examples

SBSM or AMDB

I derotes impulsive
or sharp

E denotes emergent or
gradual

P or blank

U= Up = C = Compression
D = Down = Dilatation

+ = poor U or C

- = poor D

N = Noisy

blank = Not readable

0 or blank = Full
weight

3/4 weight

1/2 weight

1/4 weight

No weight

FONIN i

| VI '}

700105 for Jan. 5, 1970

18
32
15.25

20.10



2.3-7 Phase list. =-- Continued

Column Name Format Explanation Examples

37 { a1 Description of omset of I or E or blank

S-arrival

Al "S" to denote S-arrival S or blank
Al First motion direction U, or D, or +, or
-, or N, or blank
40 F1.0 Weight assigned to Same as that for
S~arrival P-arrival at
Colum 8

38? smﬁ
' i

1

|

1

L

4447 AMPX F4.0 Maximum peak~to-peak aZé. or &A24
amplitude in mm

48~50 PRX F3.2 Period of the maximum .15
amplitude in sec. Standard
period (PRR) for this
station as specified in
the station list will be
used if this field is
blank.

. 51-54 CALP F5.1 Normally not used except
as noted in next item.

59-62 CALX F4.1 Peak~to-peak amplitude of 3.4
10 pv calibration signal
in mm. If this field is
blank, then CALX = CALP.
If again CALX is blank,
then the standard cali-
bration (CALR) for this
station as specified in
the station list will be
used. If ICAL = 1 (in
the station list for this
station), then CALX will
always be replaced by
CALR.

63-65 RMK Al Remark for this phase card. Q05 or blank
Any three characters (except
CAL) may be used.

66~70 DT F5.2 Time correction in sec. blank
Normally not used for
telemetered stations,
so leave it blank.

15



2.3-7 Phase list. -- Continued

Column Name Format Explanation Examples
71-75 FMP F5.0 F-P time in sec. This 15.

is the duration time of b4

earthquake. In NCER
practice, one measures
the time between the
first P-arrival and that
where the peak-to-peak
amplitude of the seismic
trace drops below 1 cm.

2.3-8 Instruction Card., At the end of the phase list for each earthquake,

one instruction card must be punched as follows. For routine runs, one
usually chooses free solution (i.e. let the program decide what is the best

solution), so that the instruction card is simply a blank card.

Column Name Format Explanation Examples
5~8 IPRO A4 Normally IPRO = blank. If blank "%
IPRO = ,** , additional R A}
instruction card will follow
" 18 KNST I1 KNST = 0 implies do not 0,1, 5, or 6

use S Data
KNST = 1 Use S Data
Add 5 if First motion
plot is desired

19 INST 11 INST = Q0 implies don't 0, 1, or 9
fix depth
INST = 1 fix depth
INST = 9 fix lat, lon,
and depth.
See 2.4-1 below

20-24 ZRES F5.2 Trial facal-depth. blank
Normally this field is
left blank unless one
wishes to replace ZTR
(in the control card)
by ZRES for this earth-
quake.

2.3-9 Additional Instruction List. Additional instruction cards may be

optionally added to obtain other sclutions for the same earthquake data. They

are punched as follows:

16



Column Name Format Explanation

5-8 IPRO A4 If this is the last card in the
instruction list, IPRO = bhlank.
If more instruction cards follow,

= * %
IPRQ AN
18 KNST )
> Same as that described in section 2.3-8.
19 ' TINST I1 I
|
20-24 ZRES F5.2 J
28-29 LATL 12 Degree portion of trial-hypocenter
latitude
31-35 LAT2 F5.2 Minute portion of trial-hypocenter
latitude
37~39 LON1 13 Degree portion of trial-hypocenter
longitude
41-45 LON2 F5.2 Minute portion of trial-hypocenter
longitude

2.4 Additional Options.

Several additional options are available in HYPO71l, and are described as
follows.

2.4-1 All Fixed Solution.

This option may be used to calculate the travel times to various stations
for a known origin time and hypocenter (e.g. nuclear explosions or quarry
blasts). This is achieved by specifying INST = 9, and an additional card must

then be punched as follows:

17



Column Name Format Explanation Examples

1-5 ORG1 F5.0 Minute portion of origin time ﬂﬁls.

6-10 ORG2 F5.2 Second portion of origin time 10.05

11-15 LAT1 I5 Degree portion of latitude of &ﬁﬁ37
hypocenter.

16-20 LAT2 F5.2 Minute portion of latitude of 15.50
hypocenter.

21-25 LON1 I5 Degree portion of longitude of 5&121
hypocenter.

26-30 LON2 5.2 Minute portion of longitude of 32.45
hypocenter.

31-35 Z F5.2 Focal depth of hypocenter in km 60'00

2.4-2 Use of S-Arrivals. HYPO71 mainly uses P-arrivals to locate earthquakes.

If S-arrivals are punched, they appear in-the output but are NOT used in the
solution of hypocenter. If one wishes to use S-arrivals in the solution, one -
must set KNST = 1 on the instruction card (2.3-8 and 2.3-9).

2.4-3 Use of S-P Intervals, If the same time base is not available for some

stations, it is still possible to include the recorded S-P intervals in the
hypocentral solution., This is very useful when there are few available statioms.
The phase cards of the S-P interval data are punched as usual (see P. 14).
However, the weight assigned to the P-arrival (column 8) must be 9, and the
weight assigned to S-arrival (colummn 40) is that desired for the S-P interval.

2.4-4 (Calibration Changes. If the system number (KLAS) and standard calibration

(CALR) for any station are changed from time to time, any new calibration can
be input like an earthquake event. In this case, the phase list and instruction

card are replaced by one card punched as follows:

18



Column Name Format €xplanation Examples

1-4 MSTA A4 Station name SBSM or AMOB
10-15 KDATE I6 Year, month, and day of new 700215
' calibration
16-17 KHR 12 Hour of new calibration 21
18-19 _KMIN I2 Minute of new calibration 54
21 KLAS 11 New system number 1

63-65 RMK A3 Must be "CAL" CAL only

This option therefore allows an automatic updating of instrumental changes

so that correct magnitudes based on amplitude data will be computed.

19



3. OUTPUTS OF HYPO71

Most outputs of HYPO71 are printed by the line—printer. Cards are
punched only when the data must be read back into the computer for subsequent
running of ather computer programs. The printer outputs are generally self-
explanatory; the following explanations may be helpful to the users. Results

of the test run (listed in Appendix 2) is given in Appendix 3.

3.1 Iteration Output {(optional).

If IPRN = 1 on the control card, a one-line output appears for each
iteration. This information shows what happened in each adjustment from the

trial hypocenter to the final hypocenter.

Heading Explanation
I Iteration step number. If a particulér

step is repeated, I is also repeated.

ORIG Origin time in sec. Date, hour and minute
are given in HYPOCENTER OUTPUT (Section 3.2).

LAT N ) Hypocenter location at Step I

LONG W & See Section 3.2 for details

Depth

DM Epicentral distance in km to the nearest
station

RMS Root mean square error of time residuals

in sec. corrected for average P & S residual (AVRPS).

SKD For S and D explanation, see Section 3.2.

K denotes the status of the critical
F=value {(CF) in the iteration step.

See Section 4 for more details.

For K = 0, CF = TEST(03)

For K = 1, CF = TEST(03)/TEST(06)

For K = 2, F-test is skiped in order to
calculate error estimates

For K = 3, On this step no variable met
the F-test entrance criterion and
termination will occur.

For K = 4, F-test is skiped, and the most
significant variable is found. This step is
taken only if the adjustment is greater than
TEST(06) times its standard error.
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3.1 Iteration Output (optional). -~ Continued

Heading Explanation
CF Critical F-value. 1Its value is controlled

by K as described above.

ADJUSTMENTS (km) Under these three columns, adjustments in
km for the latitude (DLAT),
longitude (DLON), and focal depth (DZ) from
the multiple regression analysis are given.

PARTIAL F-VALUES Under these three columns, the partial
F-values for the hypocentral adjustments
are given, Values not calculated are set
equal to -1.00.

STANDARD ERRORS Under these three columns, the standard
errors for the hypocenter adjustments are
given in km.

ADJUSTMENTS TAKEN Under these three columns, the actual

adjustments taken to reach the next trial
hypocenter are given in km.

3.2 Hypocenter Output.

Heading Example Explanation
DATE 700630 Date of earthquake: Year, month, and day.

In this case, it is June 30, 1970.

ORIGIN 1659 24.05 Origin time: hour, minute, and second
(Greenwich c¢ivil time). 1In this case,
it is 16 hr, 59 mn, and 24.05 sec.

LAT N 37-48.64 North latitude of epicenter in degrees and
minutes: 37° 48.64' N. . )

LONG W 121-57.59 West longitude of epicenter in degrees and
minutes: 121° 57.59' W.

DEPTH 3.62 Focal depth in km: 3.62 km. A '*' may
follow the DEPTH tc indicate a fixed focal
depth solution.

MAG 1.35 Magnitude of the earthquake. User specifies
its choice from XMAG and/or FMAG.

NO 15 Number of station readings used in locating
the earthquake. P and S arrivals for the same
station are regarded as 2 readings. If NO = 3,
a fixed depth solution is given. If NO<3, no
solution is given.
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3.2 Hypocenter Qutput. -- Continued

Heading

M

GAP

ERH

ERZ

QD

Example

110

Q.09

0.4

1.2

AlB

Explanation

Epicentral distance in km to the nearest station.

Largest azimuthal separation in degrees between
stations.

Crustal model number. M is used for the Variable
First-Layer Model only.

Root mean square error of time residuals in sec.

RMS = AfI Rizmo , where R, 1is the time residual

for the ith station.

Standard error of the epicenter in km.*

ERH = q/ SDXZ + SDY2 , where SDX and SDY are the

standard errors in latitude and longitude,
reaspectively, of the epicenter. If ERH = blank,
this means that ERH cannot be computed because
of insufficient data.

Standard error of the focal depth in km* If
ERZ is blank, this means that ERZ cannot be
computed either because focal depth is fixed
in the solution or because of insufficient data.

Solution gquality of the hypocenter. This measure
is intended to indicate the general reliability
of the solution: .

Q Epicenter Focal Depth
A Excellent good
B good fair
C fair poor
b poor poor

Q is taken as the average of QS and QD (defined
below). For example, an A and a C yield a B,
and two B's yield a B. When QS and QD are only
one level apart, the lower one is used, i.e.,
an A and a B yield a B.

QS and QD rating, In this case, QS = A, and
QD = B. QS is rated by the statistical measure
of the solution as follows:

* Statistical interpretation of standard errors iavolves assumptions which
may not be met in earthquake locations. Therefore the standard errors
may not represent actual error limits.
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3.2 Hypocenter Qutput. =-- Continued

Heading

ADJ

IN

AVR

AVIM

SDXM

AVFM

SDFM

Example

0.0

17

0.00

0.07

1.4

0.1

1.3

¢.2

Qs RMS (sec) ERH (km) ERZ (km)
A < 0.15 < 1.0 < 2.0
B < 0.30 5_2.5 < 5.0
C < .50 < 5.0

D Others

QD is rated according to the station distribution
as follows:

Q0 NO GAP DMIN

A > 6 < 90° < DEPTH or 5 km

B > 6 < 135° < 2x DEPTH or 10 km
C > 6 < 180° < 50 km

D Others

Explanation

Last adjustment of hypocenter in km. Normally
this is 0 or less than 0.03.

Instruction code (KNST and INST in input)
Number of station readings available. This includes
readings which are not used in determining hypo-

center,

Average of time residuals in sec. AVR = I Ri/NO.
Normally this is 0. i

Average of the absolute time residuals in sec.
AAREZ!R[/NO.
1 i

Number of station readings available for computing
maximum amplitude magnitude (3MAG).

Average of XMAG of available statioms.
Standard deviation of XMAG of awvailable stations.

Number of station readings available for computing
F-P magnitude (FMAG).

Average of FMAG of available stations.
Standard deviation of FMAG of available stations.

Number of iterations to reach the final hypocenter.
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Items from DATE to Q inclusive are repeated at the head of every first-
motion plot. If summary cards are punched, these items occupy from columm 1
to 80.* However, order for M, GAP, and DMIN are changed. A heading card is

punched preceding the summary cards, if IPUN > 1 on the control card.

3.3 Station Output.

After each hypocenter cutput of 2 lines, station output follows for

each station.

Heading Example Explanaticn

STN BOL Station name.

DIST 1.3 Epicentral distance in km.

ATM 202 Azimuthal angle between epicenter to station
measured from north in degrees.

AIN 94 Angle of incidence measured with respect to
downward vertical.

- PRMK IPUO This is PRMK from input data.

HRMN 1659 Hour and minute of arrival time from input data.

P-SEC 25.30 The second's portion of P-arrival time from input
data.

TPOBS 1.25 Observed P-~travel time in sec. TPOBS = T + DT - ORG
where T is the P-arrival time, ORG is the origin
time, and DT is the time correction from input data,

TPCAL 1.09 Calculated travel time in sec.

DLY/H1 0.05 If the Station Delay Model is used, then DLY means

or the station delay in sec from the input station
3.12 list. If the Variable First-Layer Model
is used, then Hl means the thickness of the first-
layer in km at this station.
P-RES 0.16 Residual of P-arrival in sec. If the Station Delay

Model is used, then P~RES = TPOBS - (TPCAL + DLY).

If '*%' follows P-RES, it means that in the Jeffreys'
weighting, this P-arrival is not reliable.

If the Variable First-Layer Model is used,

then P-RES = TPOBS - TPCAL,

* The punch format is given on page 60 (HYPOO744 - HYPOO746),

24



3.3 Station Qutput. -- Continued

Heading Example Explanation
P-WT 1.06 Weight used in hypocenter solution for P-arrival.

This weight is a combination of quality weight

specified in the data and other selected weightings.
WI's are always normalized so that the sum is equal to X
Normalization is necessary so as to avoid distortion

in computing standard errors.

AMX 15.0 Maximum ampliitude in om from input data.

PRX 0.10 Period of maximum amplitude in sec. from input data.
If PRX is not given on the phase card, then PRR
from the corresponding station card is used in the
computation of XMAG, but is not printed here.

CALX 2.20 Calibration in mm used in computing XMAG. If CALX
iz blank in the phase card, then CALR from the
corresponding station card is used and is printed
here as CALX. :

K 3 System number for the station from input data.

XMAG 1.60 Maximum amplitude magnitude computed from AMX, PRX,
CALX and K. A * fellows ZMAG 1f XMAG - AVM > 0.5.

RMK Q05 Remark from input data.

FMP 10.0 F-P in sec from input data.

FMAG 1.02 F-P magnitude computed from F-P and DIST. A * follows
FMAG 1f FMAG - AVFM > 0.5.

SRMK ESQZ This is SRMK from input data.

5-8EC 26.50 The second's portion of S-arrival time from input
data.

TSOBS 2.45 Observed S-travel time in sec., TSOBS = T + DT - ORG,

where T is the S-arrival time, ORG is the origin
time, and DT is the time correction from input dacta.

S=RES -0.22 Residual of S-arrival in sec. If the Station Delay
Mcdel is used, then S-RES = TSOBS - POS* (TPCAL + DLY).
If the Variable First-Layer Model is used, then
5-RES = TSOBS - POS*TPCAL.

5-WT 0.5 Weight used in hypocenter solution for S-arrival.
See explanation of P-WT for additional information.

DT blank Station time correction in sec. from input data. DT
is used to correct all stations to the same time base.
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1f S-P interval data are used, the meanings of some of the above headings

are changed as follows.

Heading Explanation
P-RES S-P regidual in sec. It is defined by

P-RES = TSOBS - TPOBS ~ (POS ~ 1) (DLY + TPCAL)
for the Station Delay Model. DLY is multiplied
by zero for computing P~RES as above for the
Variable First~Layer Model.

S-RES Same as P-RE3S

P-WT Weight used in bypocenter solution for S-P interval
data.

S=WT Will always be **%* to denote S5-P interval daté.

TSOBS Observed S-P interval in sec.

3.4 Map of Auxiliary RMS Values.

This is an optional output for which KTEST is set to 1 on the Control
~Card. RMS values are computed at 10 points on a sphere centered on the final
hypocenter.. Each RMS value corresponds to an origin time which has been
corrected for the average residual of the P and S arrivals (AVRPS) given
at that point. A 3 dimensional view of the auxiliary RMS values minus the
final hypocenter RMS value is printed (DRMS). The view is looking down to

the north-west.
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4. COMPUTATIONAL PROCEDURES IN HYPO71

The program HYPO71 consists of a main program and 14 subroutines:
ANSWER, AZWTOS, BLOCK DATA, FMPLOT, INPUT1, INPUT2, MISING, OUTPUT, SINGLE,
SQORT, SUMOUT, SWMREG, TRVDRV, and XFMAGS. A complete listing of the program
(with 2 fair amount of comments) is given in Appendix 1. Before we give some

program notes, a brief outline is given of Geiger's method (Geiger, 1912) of

determining the hypocenter of local earthquakes.

4.1 Geiger's Method.

Let the coordinates of the ith station be (xi, Yyo zi), and the observed
arrival time be Ty Let ti be the computed arrival time based on a trial
solution [i.e., an assumed origin time (t), and hypocenter (x, vy, z)]. 1If the

time residual

R, = Ty TR (1)

is small, Taylor expansion of it will give:

Ry=dt + fiax+ Ftay+ Frazve (2)
— L —=L 1
X ay 3z

Since the travel time and derivatives can be computed from the given
crustal model, we may obtain the adjuétment vector (dt, dx, dy, dz) by least
squares, i.e., demanding that the error ei be such that:

b ei2 = g minimum (3)
where T denotes summation over all stations, i.e., i =1 te i = n, This 1is
accomplished by solving the following normal equations which are derived from

applying condition (3) to equation (2):
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ndt + Ia,dx + Zbidy + Ecidz = IR

i i

dy + Eaicidz = ZaiRi

fa,dt + Ia.%dx + fa.b
i ii

i

2 =
Ebidt + Zaib dx + Ebi dy + b cidz Ib,R

i i i1

23z =
Zcidt + Zaicidx + Ebicidy + Eci dz EciRi

where

ai = ati H bi = ati 3 ey = at1‘.
9x ay 3z

The improved origin time and hypocenter then becomes:

t + dt, and (x + dx, y + dy, z + dz)

Now (6) may be taken as the next trial selution, and the same procedure

is repeated until some cutoff criteria are met.

In the case of S-P interval data, Ty

calculated S-P intervals respectively. Because there is no dependance on

the origin time, equation (2) becomes

R, = %1 ax+ Fidy+ C1dz +e

10— — — i

ax dy 3z

and the normal equations (4) are modified accordingly.

Since the normal equations (4) are a set of 4 simultaneous linear

and ti become the observed and

(4)

(5)

(6)

(7

equations for four unknowns: dt, dx,_dy, dz, they may be solved by the usual

method of matrix inversion. In practice, however, this matrix is often
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ill-conditioned, and computational difficulties arise. In HYPO7l a new
method of finding the adjustment vector is introduced. Instead of carrying
out the traditiomal procedure (which is equivalent to a simple multiple
regression), a step-wise multiple regression is used. Equation (2) defines
the time residual Ri as a function of dt, dx, dy, and dz. A statistical
analysis is first performed to see which independent variable should be
included in the regression and the normal equations are then set up for only
those significant variables. Therefore, the adjustment vector is obtained

by solving a matrix which 1s never ill-conditioned. Furthermore, convergence

to a final hypocenter soclution is also more rapid.

4.2 Program Notes.

These notes serve as extended comments on HYPO7l, and are given in
the order of the program listing (see Appendix 1).
(1) MAIN: The main program controls the flow of data processing by initiali-
zations and calls to various subroutines.
(2) ANSWER: It prints the intermediate results of the regression analysis
(SWMREG), and is used only for tracing the computation of a given earthquake.
(3} AZWT0S: It performs the azimuthal weighting of stations by quadrants.
Each occupiled quadrant is given an equal weight. The quadrants are set up so
as to minimize the number of quadrants without stations.
(4) BLOCK DATA: Initialize values for short-distance calculation, and for
various constants used in the program.
{(5) FMPLOT: Plot first-motjon pattern of the lower focal hemisphere in an
equal area projection. It is modified from subroutine PPROJ (NCER PROGRAM
LIBRARY No. S007) written by M. S. Hamilton. TFor each observation, we have
the azimuth o, the angle of incidence B, and a symbol SYM, where 0° < a < 360°,

0° < B < 180°, and SYM = C (or +) for compression, or D (or =) for dilatation.
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If B > 90°, we let o = 180° + o and B = 180° -~ B so that all points plotted
are in the lower focal hemisphere. The observation is transformed into

polar coordinates (r,8) in an equal area projection by the formulas:

r = %ﬁ? sin(B/2)
8 = g

A symboi is pletted on the graph at the point (r,08). The symbol to be plotted
is determined by the following rules:
If SYM = C, then plot one of the following:

C If no other observation occupies the position (r,8).

B If one 'C' already occupies (r,8).

A If two or more 'C' already occupy (r,8).

X If at least one 'D' already occupies (r,6).
If SYM = D, then plot one of the following:

D If no other observation occupies the position (r,6).

E If one 'D' already occupies (r,8).

F If two or more 'D' already occupy (r,8).

X If at least one 'C' already occupies (r,8).
If SYM = + or -, it is plotted only if the position (r,8) is not occupied.
(6) INPUT 1: Read in heading card, reset test-variable list, station list,
crustal model, and contrel card. If any array dimension is exceeded, an
error message will be printed out and the program will then stop.
(7) INPUT 2: Read in phase list and instruction card. If 'CAL' is encountered
in RMK columns, system number and standard calibration are revised.
(8) MISING: This subroutine checks if any station in the station list which
should record the earthquake is missing from the input data. A "missing"”

station will be printed if its epicentral distance is less than the nearest
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station, or if it would reduce the azimuthal gap between its two neighboring
stations (EX-GAP) by not less than 30°, The latter check applies only to
a radius of 25*(MAG)2 km (100 km if MAG is not given of the final epicenter),
where MAG is the earthquake magnitude. The amount by which the missing station
would reduce the EX-GAP is given by RD-GAP.
(9) OUTPUT: See Section 3
(10) SINGLE: This routine processes one earthquake at a time, and involves
the following steps,
a, Set up a trial hypocenter: The first trial epicenter is normally
set to be the latitude and longitude of the station with the earliest
P-arrival. 0.1' is added to the latitude and longitude of the trial
epicenter to avoid difficulties in computing azimuthal angle. The
first trial focal-depth is set equal to that given in the control
card, unless specified on the instruction card. The first trial
origin~-time is set so that the average residual of P and S-arrivals
is zero.
b. Geiger's adjustments: A maximum of 8 (TEST(1l1l)) iterations are
allowed in this DO lecop to adjust the trial hypocenter to the
final one. Latitude-longitude coordinates are converted to x-y
coordinates using a short distances' calculation by Richter
(1958, p. 701-705). Epicentral distance is then computed and distance
weighting is combined with quality weighting. Other weightings {azimuthal
and Jeffreys') are also included if chosen.
Subroutine TRVDRV (see Eaton, 1969, p. 26ff for details) is called
to compute travel time and derivatives, S-—arrivals are treated like
P-arrivals by multiplying the calculated P travel time by the ratio of
P-velocity/S~velocity. S~P interval data are treated analogously.
Subroutine SWMREG is called to carry out a stepwise multiple regression

of the time residuals and obtain the adjustment vector (dx, dy, dz, dt) an#
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its standard errors. If the horizontal adjustment, ,¢é;§ -+ dyz,
is greater than 10 km (TEST(02)), the adjustment vector is re-computed
with fixed focal-depth. Focal-depth adjustment is restricted so

that the hypocenter will not be placed in the air (see TEST{12))

and it must alsc not exceed 5 km (TEST(05)) in any one adjustment.
These are accomplished by changing dz by the necessary amount, and

any modification of dz is compensated by a change in dt. TIf the

hypocentral adjustment, yhxz + dy2 + dz2 , is less than 0.05 km
(TEST(04)), then the iteration is terminated.

During the iteration process, if the RMS value increases, then the
trial hypocenter is moved back by 1/5 of the previous adjustment,

and the iteration step-number is not incremented. This procedure

is repeated untii the RMS value decreases or for a maximum of 4 times.
The variable accounting for the largest portion of the adjustment

is then deleted in the next multiple regression step.

c. Compute error estimates: Standard errors of adjustments dx, dy, and
dz are computed by forcing subroutine SWMREG to make a simple multiple
regression analysis., These errors correspond to the uncertainties
-involved if the final hypocenter were to be adjusted in all co-ordinates
(x, v, z) once more.

(11) SORT: This is a utility subroutine to sort X i=1, .. ., N by

i,
increasing value.
(12) SUMOUT: This subroutine prints a table of the number and percentage of

earthquakes in each quality class, Q, (see P. 22). It also prints a summary

of travel time, X-magnitude, and F-magnitude residuals by station.
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(13) SWMREG: This subroutine computes the Geiger adjustment vector (and
its standard errors) by a step-wise multiple regression of travel time

residuals. The method used here is that given in Draper and Smith (1966,

p. 178-195), and will be briefly summarized as follows:

Equation (2) of Section 4.1 may be written more compactly as

3
ei = Yi - B0 - jil Bij’i for i=1,...,n

If there are stations with only S-P intervals then this equation is

modified to the form:

3
e, = Yi - Xo,i B0 - -Z B, Xj,i for i =1,...,n
=1
where Yi = Ri
Bo = dt; Bl = dx; B2 = dy; B3 = dz
9t at at
X, , = “Tifox; X, _ = ; = °%4/3
1,1 i/9x; 2.1 i/3y; X3,i i/az
i1l for P or S data
X =
]
s i.0 for 5-P interval data
n 2 n 3 2
let Q= L e, =% (Y, -X B - B, X, .)
i=1 * =1 i 0,1 o =1 i 3.1

By ﬁinimizing the sum of the squares, (, the maximum likelihood estimates of

Bo' Bl, BZ’ and B3 will be obtained.

. 9 ; .
Setting 3%— = 0 yields these four equations. In the following 3 pages, repeated
i

indices i imply summation over i =1, . . . , n.
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3

X B +Z B, X

X,1%,1 58 o1 3 osd Bi~ %14

3

*,1%,1 5 +j£1 By X 1%, %, Yy

3

Xy 1 %5 B, +ﬁ£1 By %y Xy =X, ¥

3

X X B +Z B, X

3,1 0,1 ju1 438 X, 4= %, Yy

We can solve the first of these four equations for Bo'

0f the n original equations let q be the number based upon §=P interval data.

Then set m = n -~ q.

Xb,i Xo,i

Use this value of Bo in the other three equations. Kth equation (k may

equal 1, 2, or 3) becomes

.3 )
R +j£l By Xei¥1 "B K %o,n %32 5 5 B
3 . .
” R R L T RS
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But note that:

Kt ~%o,0 N0 &y g - X (XD =X, Xy - X K)o+

X1 %,i Xj R X1 %

R e A L

The Kth equation can then be written:
= i} ) . _
jfl Beg %1 %) Ky "X X By " By o X B -% 0D

for k=1, 2, or 3

These are a set of 3 simultaneous linear algebraic equations in the Bj
and are known as the normal equations. They can be solved by a number of
methods. Here we choose the abbreviated Doolittle method which is a wvariation
of the usual Gaussian elimination. At each stage in the elimination, we
make a decision as to what variable shall next be included in the regréssion.

The computational procedure is basically applying linear transformations

to the augmented correlation matrix A:
3

Fd

t R Fa B3Rt 000

i

 Rap Ryp Rp3 By 01 0

CRyp Rap Ryz Ry 001
R . R 0 0 o

A= R41 Reo Rz By
-1 0 0 00 0 0

J
n . )
Iy g - X g X) K g - X )
where R PO FE 0,1 ] Xk,i 0,1 X
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with the understanding that

Z Y, and X4 =Y,

L, 134y

In the program, we use

n

Sik ’ifi(xj,i "X, X)) gt X i R

"X N1 T, BN Ty R X K Ky

-~ - -~

=Xy Ky K g X ) &Ky X ) Ky X - nk X

m

and set R, = Sjk

T T1/2
(49 S0 ]

Matrix A is successively transformed whenever a variable (Xk) enters or leaves
the regression. Whether a variable enters {or leaves) the regression depends
only on whether the variance obtained by adding the variable to the regression
is significant (or insignificant) at a gpecified F-level. This is accomplished

by computing:

Fk = (& - 1) Vk/(A44 - Vk)

where ¢ 1s the degrees of freedom (n-l-number of variables in regressiom), and

Vie = Mt e

If Fk exceeds the specified critical F-value (CF), then variable Xk enters the
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regression by transforming the elements of matrix A in two steps. Tirst we

compute

Ty = Y3/%  for 3=1,...,7.
Tij(i#k) = Aij - AikAkj/Akk for i=1,...,7 and j=1,...,7.

We then replace elements of matrix A by that of matrix T just computed.

Similarly to delete a varlable from the regression we compute

2
P = 0 1 by k)

If Fk is less than the specified critical F-value (CF), then variable Xk
leaves the regression by transforming the elements of matrix A in two steps.

First we compute

Ty = A ks k+4 for §=1,...,7.

Tip (FRIFR) = Ayy = Ay L, 1/ At ot

Ty (1A = Ay = A&y /B s
for i'ls"')-’ and j=11"":?.
Then we replace elements of matrix A by that of matrix T just computed.

After all variables are examined, we cbtain the regression coefficients and

their standard errors by
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‘s /s
By = Ay, Y 44013

W/SM s/t A Ay, 30853

where Sjk = L (inxki) - (zxji) (Exki)/n
for j=1,...,4 and k=1,...,4.

The regression constant is then obtained by

3

B =Y
Q

Tym 1Y

Because all indices are dummies, they are named differently in the program.
- Furthermore, a simple extension takes into account the weighting factors
provided. that they are normalized to equal the number of observations.

(14) TRVDRV: This subroutine is a modification of TRVDRV written by J. P.
Eaton (Eaton, (1969). It computes the travel time and derivatives for a
horizontal-layer model.

(15) XFMAGS: This subroutine computes maximum amplitude magnitude (XMAG)
and F-P magnitude (FMAG) for each station. The former is computed according
to Eaton (1970). In brief:

XMAG = log(A/2C) - R . - By + B,logD + G

2

where A = Maximum peak-to-peak amplitude in mm.
C = Calibration peak-to-peak amplitude in mm.
ka = Frequency response of system number k and frequency f (f = 1/t , where
is the period in sec.)
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]

Bl = 0.15‘

-+ for 1 km < D < 200 km
B, = 0.80 ]
B, = 3.38)

» for 200 km < D < 600 km
B2 = 1.50;

D =4/Zz + 22 , where & is the epicentral distance and Z, the
focal depth.

G = station XMAG correction.

FMAG is computed according to an empirical equation (Lee, Bennett and Meagher,

1972):

FMAG = c, + Czlog'F + 03A + v
where

C1 = -0.87, or TEST(07)

c, = 2.0, or TEST(08)

Cy = 0.0035, or TEST(09)

F = F-P time in sec.
A = epjcentral distance in km.

vy = station FMAG correction.
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APPENDIX 1, A Listing of HYPOJ71
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Coswmmmne PROGRAM: HYPOT1 (DEC.

INTEGER®2 SYM

REAL*8 TIMEl,TIME2
REAL LAT,LON+LATZ,LONZyLATEP,LONEP,MAG,LATR,LONR

COMMON /A3/7 NRES(24151)4NXM{LI51),NFM(151)+S5R{2+151)4SRSQ(2,1511),
1 SRWT(2y151) oSXMIL51),5XM5Q(151) ,SFM{L51),SFMSQI151),QNO(4)
COMMON 7AS5/ LTR4XNEAR  XFAR4POSs[QsXKMS+KFM, IPUNy IMAG,IR+QSPA{ 9,40}
CUMMON /A6/ NMAX LMAX NSy NLoMMAX NRyFNOyZyX(4+101}+2Z504NRP,OF{10L)HYPDCOOS
COMMON /AT/ KPoKZKOUT WT1101)sY{4)+SE(4) s XMEANIG]},CP{180),5P1180C)HYPO0O0O0DY
COMMON /A8/ CAL{101)4XMAGI{101),FMAGILOL) NM,AVXM,SDXMsNF,AVEM,

)] SOFMsMAG,KOX{10L1) yAMX(L0L)+PRX(10L),CALXILI0L),FMP(101)
COMMON sAl2/ MSTA{101),PRMK{10L) W (1O}, JMIN(1OL),P(101},

1 RMK({101),wWRK{101),TP(101),DT{10L),COSL{TOL)

COMMON /Al4/ MBKsMDOL,+BLANKyMSTAR,DOT,STAR4QUES,CRMK,MCENT,ISTAR
COMMUN /A15/ MabLyJsORGyJAVsPMINJAZRES{L10L )}, NEAR, IDXS,LATEP,LONEP
COMMDN /AL1T7/ TIMEL,TIMEZ2 ,LATR4LONRKTEST,KAZ KSORT,KSELyXFN
COMMON /A19/ KNO,IELV(1S1),TEST(15),FLT{2,151)MNOTLSL),IWI151}
COMMON JAZLl/ KSMP(151)+FMOsONFsB{4) s IPHsKF4AVRPS, IEX]IT

1971}

1 o . o i T . U A A e e A . ol .

COMMDN /7A237 AIN(LOL) RMS,ADJ,SYM(101)
R i e e et e e e e e e —————fe e -
Cm—————— RESET SOME LIMITS OF ERROR HANDLING FACILITY OF IBM FORTH ——www
CALL ERRSET{207,2564+1,0}
CALL ERRSET{208,256,1,0)
CALL ERRSET(209,25641,0)
CALL ERRSET{251+256,1,0)
CALL ERRSET({2554256,1,0)
Lommmmme SET UP SINE & COSINE TABLES FOR CALCULATING ODISTANCES ~—=———=—-
DU 10 I=1,180
Pl=1%.0349066
CP{IVY=COS(P1)
10 SP{I)=SINIPI)
00 20 1=1,701
20 COSLIL)=00SU(1-1}=,0017453)
30 M=D
o INPUT STATION LISTy CRUSTAL MODEL, & CONTA0L CARD === wm—mme—e——w
40 CALL INPUTI]
IF{IPUN .EQ. 0) GO TD 44
WRITE{T+41)
41 FORMAT{' DATE ORIGIN N LONG W DEPTH MAG NO GAP
LOMIN RMS ERH ERZI QM')
[ it INITIALIZE SUMMARY OF RESIDUALS “—=movme e e et st et e e
44 DO 48 L=1,NS
NRES(l,L)=0
NRES{Z2.L}=0
NXM{L}=0
NFM{L})=0
SR{1l,L)=0.
SR{ZsL1=0.
SRSQ{1sL}=0.
SRSQ{2,L}1=0.
SRWT{1,L)=0.

42

HYPQOOOL
HYPODQO?
HYPDOOU3
HYPQQ0O04
HYPOQQ05
HYPROOOG
HYPQOQOOT

HYPOGOL10
HYPUOCL1
HYPO0O12
HYPOCOL3
HYPUOO14
HYPOOC1S
HYPDOO1&
HYPOOOL17
HYPDOOLS8
HYPOOO19
HYPOCO2C
HYPOO021
HYPOO022
HYPODCO23
HYPDOOZ24
HYPOO25
HYPOOO26
HYPOOODZ7Y
HYPOQO28
HYPOOO29
HYPOOQ3G
HYP20031
HYPOGOD32
HYPOJO0033
HYPOOO34%
HYPDOOO035
HYPDGO36
HYPOQOC37
HYPOOO38
HYPGCOO39
HYPOOQ40
HYPCOO04!L
HYPODO4&2
HYPOODO43

HYPOOO44

HYPOQO4S
HYPDOO46
HYPOGO&T
HYPUOO438
HYPO0049
HYPQOQOS50C
HYPQGO51



-

120

-

SRWT12,L)=0.

SXMiL)=0.

SXMSQ{(L)=0.

SFM({L)=0.

SFMSQ{L)=0.

CONTINUE

DO 49 I=1.4

QNO‘I}=D.

XFN=XFAR=XNEAR+0.000Q001
TIME1=0.D+00
CALL INPUT2

-~ TD PROCESS ONE EARTHQUAKE -~
IF (M .EQ.
IF (NR .GE.

1) GO

WRITE(&455)

FORMAT{ ///»!

GO TO 50

CALL SINGLE

IF {1EXIT

-EQ. 1)

IF (JAV .GT. IQ)
DO 150 I=1+NRP
IF  (XMAG(I) .EQ.

JI=KDX{ 1)

TO 300

1) GQ TO 100

*hekxx EXTRA BLANK

GO TO 50
GO TO 50

COMPUTE SUMMARY OF MAGNEITUDE RESIOUALS ~—-

8LANK) GO TO 120

DXMAG=XMAG{ 1) -AVXM
NXM{JT)=NXM{JL)}+1
SXMIJI)=SXMIJT)+DXMAG
SXMSQUJI)=SXMSQ{JI I +DXMAGH*2
IF {FMAG(I) .EQ.

JI=K0X(T}

BLANK) GO TO 150

DFMAG=FMAG{I}-AVFM
NFM{JTI=NFMUJTL)+]
SFM(JI)=SFM(J])+DFMAG
SFMSOTJI)=SFMSQUJIT}Y+DFMAGE®2

CONTINUE
GO TO 50
CONTINUE
—-= ENO OF

CALL Sumgur
IF {MSTA{NR+1) .E

M=1

IF {(MSTA{NR+1)

M=2

IF {MSTA(NR+1)}

sTop
END

Q. MSTAR)

«EQ. MCENT)

GQ TO 30

MDOL) GO TO 40

GD TO 40

43

CARD ENCOUNTERED *&xk&k&k?)

ONE DATA SET: PRINT SUMMARY OF RESIDUALS & RETURN -=--—-

HYPOGD52
HYPGOGS53
HYPOOOS54
HYPQOO55
HYPOOOS5é6
HYPO0OST
HYPDOOS8
HYPOOO59
HYPQGO&O
HYPOOOS61
HYPOQO&Z
HYPOGO63
HYPOOOG4A
HYPOOOD65
HYPOOO6E
HYPOOQO067
HYPOOOG6E
HYPOOO69
HYPOOO70
HYPOOQOTL
HYPDODO72
HYPDOOT3
HYPOOGT74
HYPQOOQOT5
HYPQCOTS
HYPQOOT7
HYPGOQ78
HYPOOOQTI
HYPQOORO
HYPOOGOBL
HYPGOCB2
HYPOOOB3
HYPOOOS8G
HYPQOOES
HYPU008e
HYPOO087
HyYpOOOBE
HYPJ0OB9
HYPOOG90
HYP20091
HYPDD0O92
HYPOD0D93
HYPOODO94
HYPUOO95
HYPOQ096
HYPOQO9I7



400
410

450

5

10

t 20

30

SUBROUTINE ANSWER({A,)SeXMEAN,SIGMA, 1DXsPHI L, MMM, PF4NDX,ADX)
REAL*8 ADX

DIMENSION A(7+7)sS{4e4}

CIMENSION XMEAN{L}SIGMA(L),IDX(1)+B{4},BSE(4),PF{1)

T -

D0 410 T=1l.MM

WRETE(64400}) (All+J)sJ=1,MM)
FORMATITELB.8)

CONTINUE
FYE=l.~A(M, M)
BO=XMEAN( M)
YSE=TT.7

00 5 I=1l,L
IF (IDX{1}.EQ.Q) GO TO 5

BULIN=A{T,M}* SQRT{ABSI{S{M,MI/S(IT))}
BSE(I)}=YSE* SQRTIABS(A{I+M,I+M)/S(1,[)})
BO=B0-B{I)&XMEAN{ I}

CONTINUE

WRITE{6+10}) ADX+NDX+FVE,YSE.BO

1) YSE=SIGMAIMY*SQRT(ABS{A{M,M)/PHI})

FDHHAT!," VAR!ABLE " 48! '...'...‘.........’15

2y f+* FRACTION OF VARIATION EXPLAINED..',E18.8

3, F2? STANDARD FRRUOR DF Yeeoeseasaveeess'sE18.8
“y /+" CONSTANT IN REGRESSIUN EQUATION..',EL18.8)
WRITE(6,+20)

FORMAT(/,* VARIABLE COEFFICIENT STANDARD ERROR®
1. PARTIAL F-VALUE®)

DO 40 [=1,L

[F (IDX{1).EQ.0) GO TQ &0
WRITE(6+30) 1+4B(I)+BSE{I).PFI(1]
FORMAT{I5,3E20.6)

CONTINUE

RETURN

END

44

PRINT [NTERMEDIATE RESULTS OF REGRESSION ANALYSIS (SWMREG)

-

o T ] — " ——

HYPDCQ98
HYPOOO3IQ
HYPQOQL100
HYPOO10l
HYPOGLQ2
HYPOO103
HYPOOLO&
HYPOOLOS
HYPOO106
HYPGOL107
HYPOOLOS
HYPOC109
HYPOO115
HYPOO11l
HYPGOLL?
HYPOO113
HYPOOL 14
HYPOOLLS
HYPOGLl16
HYPOOL17
HYPOGL1lE
HYPOOLl19
HYRDO120
HYPOO121
HYPOOQL122
HYPQO123
HYPOO12%
HYPOOLZ5
HYPOOL26
HYPOCL127
HYPOQ128
HYPOQL129
HYPOOL3C
HYPGOL31
HYPOO132



10

20

124

125

126

127

128

130

SUBROUTINE AZWTOS

== AZIMUTHAL WEIGHTING OF STATIONS BY QUADRANTS

T ——— Ty . T 1 e e . s s

HYPOO133
HYPUD134

COMMON A6/ NMAX LMAX g NSy NLyMMAX s NRyFNO9»Z 9 X (%9 101)+ZSGeNRP,DF{101}HYPOOL135
COMMON AT/ KPoKZ+KOUToWTLLEOL) 4¥(4)4SE(4) 4+ XMEAN(4),CP{180),5P(180)HYPOOL3S

COMMON /A10/7 ANIN(101),AZ({LOL},TEMP(LOL),CA(71),.CBITL)
COMMON /A13/ JDX(151)+LDX(101),KEY{101),CLASS(4)
DIMENSION TXU{4)},TXN{4) KTX(4),KEMP{1OL])

D e o o e e 2 e e P A 3 2 o e 8 . o

J=0

DO 10 I=1.NR

IF {WT(I) LEJ. 0.) GO TO 10
J=J+]

TEMP{J)=AZI1)
CONTINUE

CALL SORTITEMP,KEY,J)
GAP=TEMP(1)+360.-TEMPL(J)

G=1

na 20 I=2,J4
DYEMP=TEMP (L )-TEMP(I~-1)

{F {DTEMP .LE., GAP) GU TO 20
GAP=DTEMP

IG=1

CONTINUE

TX(1)=TEMPILIG)}~0.5%GAP
TX(2=TX{(1)+%0.,
TX(3)=TX{1}+180.
TX{4}=TX(1)+270.

DD 124 I=1,4

TEN(I)=0.

IF (TX{I} LLTe O.) TX(I)=TX(1}#360.
IF (TX(IY.GT.360.,) TX{TI)=TX(1)-360.
CUONTINUE

CALL SORTITXWKTX4%}

00 130 I=1,NR

IF (WTI(I) .EQ. 0.} GO TO 130

IF (AZ({1) .GF. TX(1)) GO TO 126
TXN{L)=TXNIL)+1.

KEMP{[)=1

GO 10O 130

IF (AZ(1) .GT. TX{2}) GD TO 127
TXN(21=TANI2)+1.

KEMP(T)=2
GO TO 130

IF (AZ(l) .GT. TX{3)) GO TO 128
TXN(3I)=TXN{3}+]l,

KEMP{I])=3

GO T4 130

IF {AZ{1) .GT. TxX(4)) GO TO 125
TXN{&}=TXNI(4}+2,

KEMP(I)=4

CONTINUE

45

HYPOOL37
HYPOOL138
HYPOO139
HYPOQL1 40
HYPDOl4tL
HYPOOL142
HYPOO143
HYPUO144
HYPDO145
HYPDG146
HYPDOL147
HYPOO 148
HYPOD149
HYPOOLS0
HYPOOL151
HYPDQ152
HYPDO153
HYPDOL154
HYPOOL155%
HYPOOLl56
HYPODOLS57
HYPOOL158
HYPOO159
HYPQO160
HYPOCL161
HYPOO162
HYPCO163
HYPOOLl64
HYPOOL65
HYPOGL166
HYPGO1é67
HYPOOLl68
HYPOO169
HYPQOOL170
HYPOOLTL
HYPDO172
HYPOOQO173
HYPOOL174
HYPOGL175
HYPOQLl76
HYPOG177
KHYPOOL178
HYPOO179
HYPDOD180O
HYPOOLSB1
HYPQOl182
HYPD0O183



150

AN=4

IF {TXN(1}.EQ.0.) XN=XN-1
IF (TAN{2}.EQ.0u} XN=XN~-1
IF (TANU3).EQ.04) XM=XN-1
IF (TXN(4).EQ.Q4) XN=XN-1
Fid=J/XN

D0 150 I=1.NR

If (WT{I} .EQG. 0.) GO TO 150
KI=XEMPIT)
WTLI)=WT{I}*FI/TANIK])
CONTINUE

RETURN

END
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HYP30184
HYPOO185
HYPOOL186
HYPDOLBT
HYPOOL188
HYPQOLBY
HYPOGLS0
HYPOO191
HYPOOL192
HYPOOL93
HYPDO194
HYPOOL195
HYPQOOL96



——

PO @O PN

P 00 = O e e

1

BLOCK DATA HYPOOL97
-== INITIALIZE CONSTANTS IN COMMON STATEMENTS ~—=—w--osarcwacawae e HYPQ0O198
COMMON A6/ NMAX,LMAX NSsNLyMMAXsNRyFNDZ X(4,101),ZSQ«+NRPsDF{101)HYPOO199
CIOMMON /A1OQ/ ANINIL1OL),AZU101),TEMPILOY1),CA(TE),CBI(TL) HYPOO200
COMMON /AL3/ JOX(151),LOX{10L1),KEY{2101),CLASS{4) HYPOOZ201
COMMON /Al4/ MBK sMDOLBLANKsMSTAR,DOTSTARSG,QUES CRMK, MCENT+ISTAR HYPOO0202
COMMON /A22/7 Fl21421)614421)+HL21}+DEPTHI(2]1)+10NE HYPOO203
COMMON /A24/7 FLTEP,IPROLISTTT.ISKP{4),AHEAD{12)},FLIM,AF{3),NDEC HYPDOQZ204
DATA CA/ 1.855365,1.855369,1.855374,1.855383,1.855396,1.855414, HYPDO205
1.859434,1.855458,1.855487,1.855520,1.855555,1.855595,1.85%5638, HYP0D206
1.855683,1.855733,1.855786,1.85584241.85590241.85596641.856031, HYPOO20GT
L+85610041.856173,41.85624851.95632541.856404,1.856488,1.8565T73, HYPDOO208
L.856661,1.8567T50,41.856B43,41.856937,1.857033,1.857132,1.857231l, HYPDO209
1.857331,1.857435,1.857538,1.857643,1.857T750,1.857858,1.857964, HYP0Q210
1.858074+1.858184,1.858294,1.858403,1.858512,1.858623,1.858734, HYPOOQ211
1.858842,1.858951,1.859061,1.859170G,1.85%276,1.859384,1.859488, HYPOD212
1.859592,1.859695,1.859798+41.859896,1.859995,1.860094,1.860187, HYPOO213
1.86027941.8560369+1.860459,1.860544,1.860627,1.860709,1.860787, HYPOOZ21l4
1.860861,1.860934/ HYPDO215
DATA CB/ 1.842808,1.842813,1.842830,1.842858,1.842898,1.842950, HYPOO216
1.843011,1.843085,41.843170,1.843265,41.843372,1.843488,1.843617, HYPOO217
1e843755,1.843903,41.844062y1.864230,1.844408,1.844595,1.844792, HYPOO218
1.844998,1.84521341.845437,1.845668,1.845907,1.846153,1.846408, HYPOOZ19
1.,84667T041.846938,1.847213,1.847495,1.847781,1.848073,1.848372, HYPOOD220
1.848673,1.848980,1.849290,1.849605,1.849922,1.850242,1.850565%¢y HYPOO221
1.850890,1.851217,1.851543,1.851873,1.852202,1.852531,1.852860, HYP30222
1.853188,1.853515,1.853842,1.854165,1.854487,1.854805,1.855122, HYPOD223
1.855433,1.855742,1.856045,1.856345,1.856640,1.856928,1.857212, HYPDO224
1.857490,1.857762,1.858025,1.858283,1.858533,1.858775,1.859008, HYPD0225
1.859235,1.859452/ HYPO022&
DATA MBKDOTyMSTARMDOL s MCENT/? Pl . TV kKt 4550, vt/ HYPOO227
DATA ISTTT/' %% 1/ HYPDO228
DATA BLANK,STAR4,CLASS/! Ty tkkel AL YRV ICE IRV QUES/Y2Y/ HYPU0229
DATA LMAX MMAX NMAX/ 2141014151/ CRMK,ISTARSZIONE/"CAL"y"%","'1 '/ HYPUO230
DATA AHEAD/? 1,1 Tyt Tyt 1,1 ¥y Tt ', HYPDGZ31
' e 1yt 1, ', 1/ HYPOO232
END HYPOQ233
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------- PLOT FIRST-MOTION DIRECTIONS OF THE LOWER FOCAL
------- IN EQUAL AREA PROJECTION, WHERE C OENOTES COMPRESSION AND
—~= D DENOTES DILATATION ~=~m=cmmme e e mca s m e

]

o

2

5 FORMATUZ2X s 1641X4212¢F6e2sI3s'="yF5.241497'=*+F5.24A14F6.24A1

10

£0

SUBROUTINE FMPLOT

INTEGER®2 GRAPHI95,59) ,SYM,TEMP

INTEGER*2 BORD,BLANK+PLCR4D0T+SI»A¢sByCyDyELF,CD,SNyUP

REAL LAT2,L0NZ,MAG

HEMISPHERE

- . e i e et T

HYPOO234

HYPD0O235
HYPOO0236
HYPOO237
HYPOO0238
HYPQOO0239
HYPOO240

COMMON /7AS/ ITR4XNEARXFARyPOSs[QsKMS4KFMy IPUN, IMAG, IR+QSPA(9,40) HYPDO241
COMMON /A6/ NMAXsLMAXsNSoNLy MMAXJNRyFNO4Z+G(44101)425Q,NRP,DF{101}HYPDO242
COMMON /AT/ RPyKLyKOUT»WT(LOL)s004) SEL4)} 4 XMEAN(4)CP{180),SP(180)IHYPO0243

COMMON /7A8/ CAL(L0L)+XMAGULO01)},FMAGILOL) sNMoAVXM,ySDXMsNF,AVFM,

1 SDFMsMAG,XKDX{ 101} AMX{101)PRX{L1OL)CALX(101).FMP{101)
COMMON /A10/ ANIN(101)+AZ{(101),00001(101),CA{71),CB(71}

COMMON /ALl/ KDATE KHRsKMINsSEC,LAT1,LAT2,LON]1+LON2+RMKLRMKZ,

1 IGAP+DOMIN+RMSSQsERH3Q,Q5+QD+ADJISQ, INST 5 AVR, AARYNI ¢ KNSTy JHR
COMMON /A19/ KNOLIELV{151),TEST{15),FLT(2,151),MNO(151),IW(151)

COMMON /A23/ AIN{L1OL)+RMS,ADJySYM(10])

DATA BORD+BLANKsPL,CR+DOT,SI/tR7," 1, %40 13,1 1,31y

DATA AyBoCoDsEsFsCDsSNyUP/TAY IR L IC,IDY, PE TRT 00 NI vty
DATA NOX NOY»IX,1YeNOYL NOX2Z,NDY2/95:59,39,24557,48,30/

DATA RMAX XSCALE,YSCALELADD/3.937008,50.101064,0.16964344.75/

T e Tl Tl Sl s -———

NFMR=0

NDO=FNO

DO 1 I[=14NRP

IF {SYM{I} .EQ. SN) SYM{1)=BLANK
IF {(SYM(1) .EQ. BLANK} GO TO 1
IF {SYM(I) .EQ. UP) SYM(I)=C
NFMR=NFMR+1 :
CONTINUE

IF (NFMR .LT. KFM) RETURN
WRITE(6,2)

FORMAT{1HLs* DATE ORIGIN LAT N
1 GAP DMIN RMS ERH ERZI Q M')

WRITE(695) KDATEsKHR¢KMINsSEC)LATYI»LAT2LONLyLONZsRMKL,Z¢RMK2

L+MAG,NOyIGAP,OMIN,RMS,ERH, SE(3)4Q,KNOD

LiF6.24134143F5.1,F5.292F5.1:1%X,A1,1X%,111)
DO 10 I=1,NOX

DO 10 J=1.NOY
GRAPH( L+ JI=BLANK
D0 20 I=1,180
X=RMAX*CP(1)+ADD
Y=RMAX*SP(I)+ADD
JX=X/XSCALE+1.5
JY=Y/YSCALE+.5
JY=NOY=J¥=-1
GRAPH{JXJY)=BORD
IT=NOX2-1X-1
GRAPH(IT,NOY2)=CR
IT=NOX2+IX+1
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HYPDO244
HYPODZ245
HYPOO246
HYPOO247
HYPDDZ248
HYPOO249
HYPOD250
HYPO0251
HYPBO252
HYPOG253
HYPOO254
HYPD0Z255
HYPDO256
HYPDOZ57
HYPDOZ258
HYPOO0259
HYPOO260
HYPOO261
HYPOQ262
HYPOOZ263
HYPUODZ264
HYPOO0265

MAG NOHYPOO266

HYPOO267
HYPOOD258
HYPDGC259
HYPOODZTO
HYPOO2T1
HYPOOZ272
HYPDOG273
HYPDOZ274
HYPDO275S
HYPOOQ276
HYPDO0277 -
HYPOO278
HYPOO279
HYPQOO0O280
HYPDO281-
HYPOO282
HYPOOZ83
HYPD(0234



31

32

GRAPH{ IT,NOY2)=CR

IT=NOY2-1Y~1

GPAPHINOX2,IT}=51

IT=NOY2+IY+1

GRAPHINOX2, [T)=SI

DO 50 [=1,NRP

IF (SYM(I) .EQ. BLANK)} 50 YO 50
IF {AIN{I) .GT. 90.) GO 7O 31
ANN=AIN(I}

AZZ=AZ(1)*.0174533

GO TU 32

ANN=180.~AIN(I}
AZZ=(180.+AZ(1))*,0174533
R=RMAX*1.414214%SIN{ANN®,.0087266)
X=R*SIN(AZZ)+ADD
YaR*CUS{AZZ) +ADD
JX=X/XSCALE+1.5

JY=Y/YSCALE+.5

JY=NOY-JY-1

TEMP=GRAPH{ JX, JY)

----- OVER~WRITE TEMP IF [T IS EQUAL TO BLANK,DOT,*4+,0R -

35

37

40

43

45

47
50

61

IF {(TEMP.EQ.BLANK) .OR.{TEMP.EQ.BORD}CR.ITEMP .EQ.PL)
1.0RL(TEMP.EQ.CR).ORLITEMP.EG.DOT)) GO TO 47

=TEMP IS OCCUPIED SO IF SYS(I)=+ OR -~ SKIP THIS STATIDN

IF ({SYMII).EQePL}ORLISYM{I).EQ.CR)) GO YO 50
IF (SYM{I}) .EW. C) GO TO 40

IF (GRAPH{JX,JY) NE. D) GO TO 35
GRAPH{JIX,JY)=E

GO TO 50

IF (GRAPHUJX,JY) .NE. E) GO TQ 37
GRAPH(JXJY)=F

GO TO 50

IF (GRAPHUJUX,JY) .EQ. F) GO TO 50
GRAPH{JX,.JY)=CD

GO TC S0

IF (GRAPH{JX,JY) «NE. C) GO TOU &3
GRAPH(JIX,4Y)=8

Gu TQ 50

IF (GRAPHUJX,JY} .NE. B) GO TO 45
GRAPH( JXysJY}=4

GO TO S50

IF (GRAPH{JX,JY) .EQ. A) GO TD 50
GRAPH{JX,JY1=CD

GO T2 50

GRAPH{JX yJY}=SYMUI}

CONTINUE

GRAPH(NOX2+NOY2)=B0ORD

WRITEf6,+61)

FORMAT{IHO,67X+ 0"}

DO 80 I=3,NOY1

IF {I «EQ .NOYZ2) GO TD 70
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HYPO0285
HYPGOOZ286
HYPO0287
HYPUQ288
HYPQOD289
HYPOQ290
HYPOO0291
HYPOO292
HYPO0293
HYPDOD294
HYPOO295
HYPOODZ296
HYPOOQZ297
HYPOOQ298
HYP00299
HYPOO300
HYPGD301
HYPGO302
HYPO0303
HYPDO304
HYPOOD3G05
HYPDQ306
HYPGO0307
HYPOOQ308
HYPOO309
HYPQO310
HYPOO311
HYPO0312
HYPOO313
HYPDO314
HYPOQ31S
HYPOO316
HYPOO31T
HYPDO318
HYPOO319
HYPOO320
HYPOD321
MYPO0322
HYPOQ323
HYPOO0324
HYPOO325
HYPDOD326
HYPDOD327
HYPOO328 -
HYPOO329
HYPGO330
HYPOO331
HYPGO332 -
HYPDOD333
HYPGO03 34
HYPOO335



65
70
15
80

a8s

WRITE(H,65) (GRAPHIJ, )y Jd=1NOX)

FORMAT{1H +20X,95A1}

GO Ta 80

WRITE(H475) (GRAPH{J,I)sJ=1sNOX])

FORMAT(1H +16X4'2T0 "495A1," 90"}
CONTINUE

WRITE{6,85)

FORMATI{ATX,%180")

RETURN

END
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HYPUD336
HYPOO337
HYPOC338
HYPGO339
HYPG0340
HYPOO341
HYPOO342
HYPOO343
HYPOG344
HYPDO345



SUBROUTINE INPUTL

HYPOO346

R INPUT STATION LIST,CRUSTAL MUDELsAND CONTROL CARD —————mmeeee—- HYPO0347
INTEGER HEAD/'HEAD?Y/ HYPDO348
REAL*8 TIME1l,TIME2 HYPD0349
REAL LAT,LONyLAT2,LON2,LATR,LONR HYPQ0350
CUMMON /A1/ NSTA{151),4DLY(2,151)4FMGC(151),XMGC(151),KLASI151), HYPQD351

PRR{1S1)4CALRI151),1CALEL51),1S(151) +NDATE{151) 4NHRMN{151) HYPQ0352
COMMON /A2/ LAT(151},LON(151),DELTA(101)+DX{201),DY(101),T(101} HYPOO353
COMMON /AS5/ ZTR4XNEAR,XFARsPUS,1Q,KMS+KFM, [PUN, IMAG, IR, QSPA19,40) HYPOO354
COMMON A6/ NMAX,LMAXyNS,NLoMMAX4NRyFNO,Z¢X{4,101) 4ZSQ,NRP,OF{101)HYPO0355
COMMON /Al%/ MBKyMDOL¢BLANKyMSTAR,DOTySTARS,QUES»CRMK,MCENT, ISTAR HYPG0356
COMMON /A15/ ML, Js0RGoJAV,PMIN,AZRESI10L1) sNEAR, IDXS,LATEP,LONEP HYPD0357
COMMON /A16/ KLSS{151),CALS(1S51),MDATE{151),MHRMN(151),[PRN,ISW  HYPOO0358
COMMON /A17/ TIMEL,TIME2,LATR4LONR,KTEST,KAZ,KSORT ,KSEL,XFN HYP00359
COMMON /A19/ KNO, [ELV(151),TEST(15}+FLTU2,151},MNO{151),IN(151}  HYPOO360
COMMIN /A20/ VI{21},0(21),vSQ(21),THK(21),TINI21,21),01D(21,21) HYPDO361
COMMIN 7A22/ FU21,21),6(%+21)4H(21),DEPTH(21), IONE HYPO0362
COMMON /A24/ FLTEP,IPRO,ISTTT,ISKP(4),AHEAD(12)}4FLIM,AF{3),NDEC  HYPO0363
DIMENSION BHEAD(12), ATEST(1S) HYPOO0364

(rmmemmm e ———————— ———————————— e —— HYPOO365
D0 350 [=1,15 HYPO0366
ATEST{I) = 1.23456 HYPOO0367

350 CONTINUE HYPQ0368
WRITE(6+300) “HYPDO0369

300 FORMAT{1M1) HYPUOG370
IF (M-1) 1,100,200 HYPQ0371

R INITIALIZE TEST VARIABLES ===mm—m=m e e e HYPOO372
1 TEST(1)=0.10 HYPOO373
TESTI2)=10. HYPDO374
TEST(3)=2. HYPOO375
TEST(4)=0.05 HYPOO376
TEST(S)=5. HYPOO377
TEST(6)= 4. HYPO0378
TEST(7)=-0.87 HYPOOD379
TEST(81=+2.00 HYPOO380
TEST(9)=+0.0035 HYPOO381
TEST(10)=100. HYPOG382
TESTI(11)=8.0 HYPOO383
TESTI12)=0.5 HYPOO384
TEST(13)= 1. HYPOOD385
IFLAG=0 HYPOO386

L--mmmm- INPUT RESET TEST-VARIABLE CARDS AND SELECTION CARD HYP00387
DO 5 [=1,16 HYPDO388
READ(S,4) ISWeds, TESTJ,BHEAD HYPD0389 -

4 FORMAT(A4,T12, 12,T16sF9.4,12A4) HYPO0390

11 IF ((ISW.EQ.MBK).OR.{ISW.EQ.IONE}) GO TO 6 HYPDO391
IF{ISW .NE. HEAD) GO 7O 12 HYPOD392
DO 13 I1=1,12 HYPOD393-
AHEAD(I[)= BHEAD(II) HYPDO394

13 CONTINUE HYPO0395
GO T3 5 HYPDO0396

51



52

12 [FLAG=1 HYPDOQ397
ATEST{J}=TESTJ HYPOO0398

5 CONTINUE HYPDO3G9
6 WRITE(H6s14) AHEAD HYPOO0400D
14 FORMATI{40X,12A4%) HYPOO4O!
WRITE{&,2} HYPQ0402

2 FORMAT(// /" *ussxxxsrx PAJGRAM: HYPOT1 (DEC. 21, 1971) #*xekxx:xskHYPO0403
| L 77+ 13X YTESTIYY TESTU(2) TEST(3) TESTI4) TESTI(S) TESTI6HYPOO404
2) TESTL(T) TESTiI8) TEST{9) TEST{10) TEST(1l) TEST(12) TEST{(13)'")HYPOOD405
WRITE(6+3) (TESTI(I}eI=1,413) HYPOO4 06

3 FORMAT!(* STANDARD *,13F9.4} HYPOG407
IF {IFLAG .EQ. O) GO TO 8 HYPOQ4038

D2 16 1 = 1,15 HYPOO409
IF{ATEST{I) .NE. 1.23456) TEST{I[)=ATEST{I1) HYPDO410

16 CONTINUE HYPOO&411
WRITEL6,T) (TESTI(I}yI=1,13) HYPOG4L12

7 FORMAT(Y RESEY TO *4+13F9.4} HYPDO413
——————— SQUARE SOME TEST-VARIABLES FOR LATER USE HYP(OO414
B TESTLL)=TEST{1)**2 HYPOOQ415
TESTIZ2I=TEST{2)*%2 HYPOO4 16
TESTI4)=TEST(4) %2 HYPOO417
""""" INPUT STATION LIST ===-—cacecmcnwe- - -—— HYPGO418
IF {I5W .EQ. IONE) GO TO 10O . HYP(OO0419
KNO=1 HYPOO420
WRITE{6+9]) HYPOO&21

I FORMAT(/,4X, 'L STN LAT N LONG W'y! ELV DELAY',5X HYPDO0422
L,*FMGC XMGC KL PRR CALR IC DATE HRMN®) HYPOO423
GO TO 20 HYPDO&®Z4

10 WRITELA+15) HYPDO425
15 FORMAT(/,s4Xs"L STN LAT N LONG W ELV M DLYL DLY2*', HYPOQ426
i XMGC FMGC KL CALR IC DATE HRMN') HYPDO427
20 DO S50 L=1,NMAX : HYPOO0428
IF (ISW .EQ. IONE) GO TO 30 HYPOO429
READ(S,25) IWIL)NSTA{LY+LAT1,LATZ2Z,EL0ONT,LONZ2,TELVI(L),OLY(1,L)} HYPOD430
12FMGC L) o XMGC{L) 4XLASIL)} yPRR(LY;CALRIL},ICAL{L) NDATE(L)  NHRMN(L) HYPOO431
25 FORMAT{LIXsALyAG gy I29F5.2v1Xs13sF5.29 1% ldeF6.238X,F5.242%X4FS5.241X HYPOO®3Z
Lo lleFSe2sFTalelXellsSX,16,14) HYPOO433
IF {NSTAIL) .cQ. MBK) GO TO &0 HYPO0434
WRITE{G6+26) Lo IW{L)} NSTA(L)LATL,LAT2,LONL,LON2,IELVIL)},DLY{l,L) HYPQD43S

1o FMGL (LY o XMGLIL) +KLAS(L) PRRILY+CALRIL ), ICALI(L ) 4NDATE(L) 4NHRMNIL) HYPOO43S
26 FORMATUISy3X AL ARGy 129F5. 291 Xsl30F5.24 1Ky 18sF0.244X4F5.242X4F5.2 HYPOO43T
131XeI14F5.2sFTe2:1Xs1145X,16,141} HYPCO438
GO TD 4¢ HYPQ0439

30 READ(S5,35) NSTA(L)Y s IWCL} LATL+LAT2,LON1,LONZ2,IELVIL) MNO(L) HYPO0440
LeDLY{1 4L} yDLY{24L) +XMGC(L)}FMGCIL)Y KLASI{L}CALRI(L)»ICALIL) HYPOO0441
2+ NDAYELL } o NHRMN(L) HYPOO442
35 FORMAT(AG AL+ L2018 sF5.2:1X313:1XsF5.291%s14,5X,s1I1 HYPOO443
130F8.231X3[1eF6a241Xs1142X,16414) HYPOO44 4
IFf (NSTAIL} .EQ. MBK) GO TO 60 HYPOOQ445
WRITE(Gs36) LoNSTA(L) y IWIL) LATL,LAT2,LONLSLONZ2,IELVIL)Y,MNO(L) HYPOG446
1s0LYCLsL ) oDLYL{24L) o XMGCILY FMGCIL ) 4 KLAS{L) CALRIL)Y,ICALIL) HYPDO&4T



2

36 FORMATI{ISs2XyA40ALl g2 X pF5.29 X913 41X sF54241X%X,14,45%,11

1
40

50

125

130
135

140

145

(o

150

¢ NDATE{L } ¢ NHRMN(L}

14F6.24 1 Xy T14F6a291 X0 1142Xy16414)
PRRIL)=0.

LAT(L)=60.%LATL+LATZ
LON{IL) =60, *LONL+LON2Z

MOATE{L )=NDATE(L}
MHRMN (L ) =NHRMN(L)

KLSS(LI=KLAS(L)

CALS(LI=CALRIL)

CONTINUE

WRITE{6455)

FORMAT(///,* **%x%x ERROR: STATION LIST EXCEEDS ARRAY DIMENSION')

sTor
NS=L~-1

== INPUT CRUSTAL MODEL -e==-==-
WRITE{64105)
FORMAT(//74TXs*CRUSTAL MODEL 1%*,/45X,'VELOCITY
DO 130 L=1,LMAX

READIS,115) VIL).DIL)

FORMAT{2FT.3)

IF {V(L) .LT. 0.01) GO TO 140

WRITE{6,125) VIL},DIL)

FORMAT{3X42F10.3)

DEPTHI(L}=DI(L)

VSQ{L)=aVIL)**2

CONTINUE

WRITE(6+135)

FORMATL///+* *&xx% ERROR: CRUSTAL MODEL EXCEEDS ARRAY DIMENSIONT)

STOP

NL=L~1

Nl=NL~1

LAYER THICKNESS THK,F & G TERMS

DO 145 L=1,N1

THK{L}=D(L+1)-0(L)}

H{L)=THK(L)

COMPUTE TID AND DID

DO 150 J=1,NL
GlLlsJ)=SQRTIABS(VSQ{JI=VSQIL)IIZIVILI®V{J))
G{2+J¥=SQRTLABSI{VSAUJII=VSQI2) 1) /{V{2)%Vid})
GU3,J)=VIiL)/SQRTIABSIVSQLJ)-VvSQI1))+0.000001)
Gla,J)=V{2)7SQRT(ABS(VSQLJ)-VS50(2))+0.000001)
IF (J «LE. 1) Gil,J)=0.

IF tJ LEe. 2) G(2,J)=0.

IF {J «LE. 1} G{3+J)=0.

IF (J «LE. 2) Gl4,J})=0.

DO 150 L=1lsNL

F(LtJ’=1-

IF {L .GE. J) FlLsJd)=2.

CONTINUE

D0 165 J=1,NL
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HYPOO448
HYPDO449
HYPO0450
HYPOO4S1
HYPOO452
HYPQO453
HYPQQ454
HYPOOQ455
HYPOO456
HYPOO457
HYPDO458
HYPOO4&59
HYPOQ460
HYPOD46L
HYPOO462
HYPOD463
HYPOO464
HYPDO465
HYPOO466
HYPOO467
HYPO0468
HYPOO469
HYPOD4TO
HYPOO&T1
HYPOO4T2
HYPOO473
HYPDO4 T4
HYPOD4TS
HYPOO4T6
HYPOO4TT
HYPOO4T8
HYPOQ4T9
HYPDOO480
HYPOO481
HYPOD482
HYPOO483
HYP(048¢
HYPOD48S
HYPOO0D4B6
HYPOOD487
HYPDO488
HYPOO489
HYPOO490
HYPOO491
HYPOO492
HYPOO493
HYPOO494
HYPOG495
HYPOO496
HYPQO0437
HYP00498



165

160
Lt70

o

200
205

215

225

235
240

DO 165 M=1,NL

TiD(J,M)=0.

DID(JeM)=0.

DO 170 J=1.NL

DD 170 M=J4NL

IF (M LEQ. 1) GO TO 170
Ml=M-1

D0 160 L=1,Ml
SQT=SQRT{VSQ{M)-VSQ(L))
TIM=THK(L) *SQT/{VIL)I*V(M})
DIM=THK{L)*V(L)/SQT
TID{SsMI=TID(I S MISF (L, J)RTIM
CIDIJsM)=0ID{J s MY+F(LJ)*DIM
CONTINUE

IF (ISW .NE. I0ONE) 30 TO 200
VARTABLE FIRST LAYER
VC=¥(L)*v{2])/SQRT(VS5Q{2)-Vv5Q(l})
00 180 I=1,NS
FLTILI)=DLY(L,1)*VC+D(2)
FLT{2,E)=DLY{2,1)%¥C+D(2)

-== INPUT CONTROL CARD ==mm——==w- - -— -

WRITE(6,205)

FORMATIL///7.,' ZTR XNEAR XFAR P0S IQ KMS XFM IPUN IMAG [R?
L+ IPRN CODE LATR LONR?Y)

READ(54215) ZTRyXNEARyXFARPOS»IQ+KMSKFM, IPUN, TMAG, IR, IPRN
1oKTESTKAZ4KSORT KSEL+LATL1,LAT2,L0ON1,LON2
FORMAT(3F5.09F5.2+T15+1Xs41142{16,F6.2))

WRITE(6+215) ZTRyXNEARyXFARJPOS+IQoKMS o XFMyIPUN, IMAG, IR, IPRN
LoKTEST o KALJKSORTKSELyLAT1,LAT2,L0ONL1,LON2

LATR=60.*%LAT1+LAT2

LONR=60.*LONL+LONZ

IFf {IR .EQ. 0} RETURN

DO 240 I=1,IR

READ(5,225) (QSPA(I,J)sd=1,40)

FORMAT{20F4.2)

WRITE(6+4235) 1,1QSPA(I4J)¢d=1,s40)

FORMATL/,* QSPA{"ylle')z2 *420F5.2,/+10X,20F5.2)}

CONTINUE

RETURN

END

HYPO 0499
HYPOOS0C
HYPOOS501L
HYPG3C502
HYPDQ5032
HYPDOS04
HYPOO0505
HYPOOS06
HYPOO507
HYPOOD508
HYPOO509
HYPDO510
HYPDOOS511
HYPOOS512
HYPOOS513
HYR00514
HYPDOS515
HYPODS16
HYPOOS17
HYPOOS518
HYPOOS519
HYPO0520
HYPOOS21
HYPQ0522
HYPOD523
HYPDOS524
HYPOO525
HYPODOS26
HYPOOS27
HYPOOS28
HYPDOS529
HYPDQO530
HYPOOS31
HYP3(0532
HYPDQ533
HYP00534
HYPOO0535
HYPOQS5 36
HYPOOS3Y
HYPOQ0S38



SUBROUTINE INPUT2

R INPUT PHASE LIST =wremmee—mescc e e e e e e -- HYPOO0540
INTEGER*2 SYM HYPOO541
REAL*8 TIMEL, TIME2 HYPOOS542
REAL LAT2,LON2,LATEP,LONEP,MAG HYPOOS543
CIMMON /A1/ NSTA({151),DLY(2,151),FMGC(151),XMGC(151),KLAS(151),  HYPOOS44

1 PRR(151),CALR(151) 4 1CAL{151),1S(151) NDATE(151) yNHRMN(151) HYPOO545
COMMON /A67 NMAX,LMAXNS,NLyMMAX 4NRsFNO,Z,X{4,101),Z5SQ,NRP,OF(101) HYPOOS46
COMMON /AB/ CAL{101) ,XMAG(101) ,FMAG(10L) sNM,AVXM,SOXM,NF 4 AVFM, HYPDO54T
1 SDFMyMAG+KDX(101) yAMX{101],PRX{101),CALX{101),FMP(101) HYPOOS548
COMMON /A10/ ANIN(101),AZ{101},TEMP(101),CA{71),CBIT1} HYPO0549
COMMON /ALL/ KDATE,KHRyKMINySEC,LAT1,LAT2,LONLsLON2,RMK1,RMK2, HYPDO0550
1 1GAP (DMIN/RMSSQsERH,QsQS QD+ ADISQs INST, AVR, AARyNT,KNST,JHR HYPOOSS51
COMMON /ALl2/ MSTA{101),PRMK(101),W(101) yJMIN{1CL),P(101]), HYPOO552
1 RMK{10L1),WRK(101),TP(101),DT({101),COSL(T01) HYPD0553
COMMON /A13/ JDX{151),LDX(101}4KEY(101),CLASS{%) HYPDDS554
COMMON /A14/ MBKsMDOL,BLANK,MSTARsDOTySTAR44QUES ,CRMK,MCENT, ISTAR HYPOOSS5S
COMMON /A15/ MyL+JsORGyJAVIPMIN,AZRES(101) 4NEAR, IDXS,LATEP,LONEP HYPOO556
COMMON /A16/ KLSS(151),CALS{151),MDATE(151),MHRMN(151),IPRN,1SW  HYPOOS557
COMMON /AL7/ TIMEL,TIME2,LATR,LONR,KTEST 4KAZ(KSORT yKSEL s XFN HYPOOS558
COMMON /A18/ S{101},SRMK(101},¥S(101),TS(101},NOS,QRMK(101) HYPD0559
COMMON /A19/ KNOsIELV(L51),TEST(15),FLT{2,151) 4MNO(151),IW(151)  HYPOO560
COMMON /A21/ KSMPU151) 4FMO4ONF,B{4),IPHsKF,AVRPS, IEXIT HYPOO561
COMMON /A23/ AIN(101),RMSyADJ,SYM(101} HYPDD562
COMMON /A24/ FLTEP,IPRO,ISTTT,ISKP(4)yAHEAD(12),FLIM,AF(3),NDEC  HYPOOS563
DIMENSION ICARD(20) HYPQOS564
Commmmm e o HYPOO0565
10 PMIN=9999. HYPOO0566
IDXS=0 HYPOO567
DO 20 1=1,NS HYPOO0568
KSMP(1)= HYPO0569
20 JDX(11=0 HYPOOS570
25 L=1 HYPOOS5T1
30 READ(S5s35,END=300) MSTAIL),PRMKIL) yW(L) sJTIME, JMINIL),P(L)4S(L)  HYPOOST2
1, SRMK{L) ¢ WS (L) AMX(L) ,PRX(L}»CALP,CALXIL)4RMKIL) 4DTIL) ,FMP(L) HYPUOS 73
24AZRESIL) s SYMIL) yAS, ICARD,QRMK{L) 4 IPRO HYPOOS574
35 FORMAT(2A4,T8,FL.0yT10,18,120F5.2,T32,F5.2,A444T40,FL.0,T44,F4.0  HYPOO575
1,F3.25F4.1,T59,F4u1,A434F5.2,F5.0,T214844T7,A1,T732,44,T1,2044 HYPOD576
2:T63,ALsTS,A4) HYPOOSTT
IF ((MSTA(L).EQ.MSTAR).0R+ (MSTALL)-EQ.MDOL).OR. (MSTA(L).EQ.MCENT) )HYPOOSTS
160 TO 300 HYPOO579
IF (MSTA(L).EQ.MBK) GO TO 350 HYPOO580
[F (CALX{L) .LT. 0.01) CALX{L}=CALP HYPQO581

DO 40 I=1,NS HYPOO582 -
IF (MSTA(L) .EQ. NSTA(I}} GO TO 50 HYPUO583
40 CONTINUE HYPOO584
WRITE(6,645) ICARDsMSTA{L) HYPGOS585
45 FORMAT(///,% *%%x& %,20A4,' **xsx DELETED: ',A4,' NOT ON STATION LHYPGO586
LIST®) HYPOOS587
GO TO 30 HYPOO588
50 KDX(L}=1I HYP00589
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HYPOOS539



LDX{L}=0 HYPQ0590
JDX{1}=1 HYPOO591

IF (FMP(L) .LE. 0.) FMP{L}=BLANK HYPO0592

IF (L .GT. 1) GO TO &0 HYPOO0593
KTIME=JTIME HYPDO594
KDATE=KT IME/ 100 HYPO0595
KHR=KTIME~KOATE*100 HYPQO0596

60 IF (JTIME .EQ. KTIME) GO TO 70 HYPOOS597
WRITE(6465) [CARD HYPOO0598

65 FORMAT{///4" *%%%% 1 ,20A4," s*&3s DELETEQ: WRONG TIME?!) HYPO0599
GO TO 30 HYPO0600

70 IF (RMK{L)} .EQ. CRMK) GO TO 200 HYPDO&01
80 W(L)={4.-WIL)) /4. HYPD0602
IF (IW(I) .EQ. I[STAR) W(L}=0. HYPD0603
TPIL)=60.#JMIN({LI+P(L)+DTLL) HYPOO604

WRK {L)=BLANK HYPDO605

If (W(L) .EQ. 0.) GO TO 90 HYPDO0606

IF (W{L) .GT. 0.) GO TG 89 HYPO0607
C---=--= SMP DATA: RESET WEIGHT - ———————————- HYPOO0608
WIL}=(4.-WS(L}) /4. HYPO0609
KSMP(L}=1 HYPDO610
IF(TP(L).GE.PMIN) GO TO 95 HYPOO611
PMIN=TP{L) HYPOO612
NEAR=L HYPOG613

GO TO 95 HYPDO&14

89 IF {TP(L) .GE. PMIN) GD TO 90 HYPOQ615
PMIN=TP (L)} HYPOOD616
NEAR=L HYPDO0617

90 1F (AS .EQe BLANK) GO T3 100 : HYPOO618
R LR R R ———— - -— HYPOO619
10X5=1 HYPOD620
LDX({L)=1 HYPOO621
WSIL)=(4.-WS(L)) /4. HYPOD622

IF (IW(1) .EQ. ISTAR) WS{L}=0. HYPO0623

95 TSUL)=60.*JMIN(L)I+S{L)+DTIL) HYPDO624
100 L=L+1 HYPOD625
IF (L .LT. MMAX} GO TD 30 HYPOO626
WRITE(6/105) HYPOO627

105 FORMAT{///," *x#*%+ ERROR: PHASE LIST EXCEEDS ARRAY DIMENSION; EXTRHYP00628
1A DATA TREATED AS NEXT EARTHQUAKE®) HYPO0629

G0 TO 350 HYPO0630
C----—-- CALIBRATION CHANGE IN STATION LIST ====~==-=ee——a- HYPOO631
200 IF (P(L) «NE. O.) KLAS{I}=P(L} HYPO0632
CALR(T)=CALX{L) HYPQO633 -
TIME2=1.D+06%KDATE+1.D+04%KHR+1.0+02¢JMIN(L) HYPO0634

IF (TIME2 .GE. TIMEl) GO TO 250 HYPO0635
WRITE{64205) HYPO0636
205 FORMAT(///y* s*xssdasss THE FOLLOWING EVENT IS DUT OF CHRONOLOGICAHYPD0637-
Ll ORDER #%sksskkx?) HYPOO638
250 WRITE(6,255) KDATEsKHR,JMIN(L),MSTA(L) ,KLAS{I),CALR(I) HYPD0639
255 FORMAT(///,7 #%%e% %,1641X,212," ***&% CALIBRATION CHANGE FOR *',A4HYPO0640
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1e%% KLAS = ", ILl,%'y CALR = ',;F4.1) HYPO0&41

MDATE(L)=KDATE HYPOG6L42
MHRMN(I)=100%KHR+JMIN(L) HYPOO643
TIMEL=TIMEZ HYPOOS44
GO fO 10 HYPOOD645
300 M=1 HYPDO64L6
NR={ -1 HYPOO&4T
RETURN HYPOO648
350 M=0 HYPQQE49
400 NR=L-1 HYPO0650
RETURN HYPOO651
END HYPO0652
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10
20

S FORMAT{/410X,*MISSING STATION DELTA

—

SUBROY

REAL*8
REAL L
COMMDN

COMMON
COMMON
COMMON
COMMON
COMMON
1l
COMMON
COMMON
1
COMMON

COMMON

COMMON
COMMON

NJ=J+1

TINE MISING

CHECK MISSING STATIONS -- ——— -

TIMEL,TIMEZ
ATy LONSLATZ2,LON2sLATEP 4LONEP s MAG

JAL/ NSTA{L151),0LY(24151)yFMGCIL5L)4XMGCTL51)+KLAS(1ISL]),
PRRULS51) 4CALR{L51) o ICALIES1),ISCL51}4NDATE{15]1)NHRMN{151)
JA2/ LAT(151),LON(151),0ELTA(101),0X(101),0Y(101),T{10L)
JAS/ ITR4XNEARyXFARPOSyIQeKMS, KFM, IPUN, IMAG, [RsQSPA(9,40)

HYPOO653
HYPDQ654
HYPDO655
HYPOQ6LS56
HYPDOG5T
HYPOQG658
HYPOOD&59
HYPOO&BO

JA6/ NMAXsLMAX NS ¢NL MMAX yNRyFNOsZyX(49101),25Q:NRPDFE101)HYPOOGS]
FAT? KP oKL KOUTyWTIR0L) oY (%) 4SE{4) s XMEAN(S) ,CP(180),5P1180)HYPDOGSEZ

/887 CAL{101)+XMAG(101),FMAG(L101)yNMyAVXM,SDXM,NF+AVFM,
SDFMsMAG,KDX (101} yAMX(L01),PRX{101},CALX{10O1),FMP(L1l0O1)

fA1Q0/ ANIN{101),AZ(101),TEMP(101),CA[(71),CB(T7Y)

FALl/ KDATE KHR,KMINsSEC,LATLsLAYZ2+LONL+LONZ,RMKL RMK2,
IGAP,DMIN,RMSSQ+ERHy Q9 QS+ AUDyADJISQy INST, AVR, AAR NI s KNSTy JHR
JA12/ MSTA{101),PRMK{101},wW{101}),JMIN(L10O1},P(101),

RMK{101),WRK{1GL)4TP{101),DT(201),CASLLTOL)
/A13/7 JDX(151),LDX{101),+KEY{101)+LLASS(4)

/Al4/ MBK,MDOL,BLANK, MSTAR,DOT+STAR%4,QUES »CRMK,MCENT, ISTAR
FA1S5/ MyL,J+0RGyJAVyPMINJAZRES(L101) 4NEAR, IDXS+LATEP,LONEP

. 7 . T

TEMPINJ}STEMP({1)+360.
TDEL=25,%*MAG**2
IF (MAG .EQ. BLANK) TDEL=100.

oo 30

I=14NS

IF {4D0X{1) .EQ. 1} GO TO 30
AVL={LAT{I)+LATEP}/120.

Ml=AVL+1.5

M2=AVL*10.+1.5
OXI=(LON(T)—-LONEP) *CA (M1 }*COSL{M2)
DYI={LAT{I)-LATEP}®CBI(M1)
DELI=SQRT(DXI#*2+DYI#*#2)+0.000001
IF (DELI .GT. TDEL} GO TQ 30
AZF=ATAN2(-DXI,DY1}*57,29578

IF (AZ
IF (AZ

1 LT, 0.) AZI=360.+AZ1
I .LE. TEMPI1}) AZI=AZI+360.

DD 10 J=2,NJ

IF {AZl .LT. TEMP{J)) GO TC 20
CONTINUE

J=NJ

EXGAP=TEMP{J)-TEMP(4-1)

RDGAP=TEMP(J)}-ALZI]

TGAP=AZI-TEMP({J1-1)

IF (TGAP .LT. RDGAP) RDGAP=TGAP

IF ((DELILGT.OMIN}.AND.{RDGAP.LTL30.)} GO TO 30

IF (a2

1 .GE. 360.) AZI=AZ1-360.

IF (IHD .EQ. 1) GO TO 22
WRITE(6,5]

AZIM EX-GaAP

58

RD-GAP?'}

HYPDO0663
HYPDOS64
HYPDO&6S
HYPDO666
HYPOO&6?
HYPO0668
HYPO0669
HYPDO&TO
HYPOO671
HYPDG6T2
HYPDO673
HYPDO6 74
HYPOO6LTS
HYPOO676
HYPUO6T7
HYPOQ678
HYPDO6 79
HYPOO680.
HYPDO681
HYPDO682
HYPB0683
HYPO068%
HYPD0685
HYPOO686
HYPDO68T
HYPDOSBE
HYPDOS89
HYPO0690
HYPOO691
HYPO0692
HY P00 693
HYPOO694
HYPOO695
HYPOD&96 -
HYPDO0697
HYPQO698
HYPO0699
HYPOOTO0-
HYPOO701
HYPOOT702
HYPOOT03



IHD=1

22 WRITE{6+25) NSTA{I)DELI+AZI+EXGAP,RDGAP

25 FORMAT (21X ,A442FT41+2F8.1)
30 CONTINUE

RETURN

END
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HYPDOTO4
HYPODOT705
HYPUOT7Q6
HYPQOTO7T
HYPQOTCS
HYPOOQTOI
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SUBRQUTINE OUTPUT
OUTPUT HYPDCENTER
[INTEGER®2 SYM
REAL#8 TIMEL,TIME2
REAL LAT,LON,LAT2,LON2,LATEP,LONEP,MAG
COMMON /A1/ NSTA{151),DLY(2,151),FMGC{151)4XMGCI151),KLAS{151},
PRR{151) yCALR{151), ICAL{151),IS{151) NDATECLST} ,NHRMN(151)
/A2/ LAT{151),LON{151},DELTA(LOL),DX{101},DY(101),7({101)
/AS/ ZTR,XNEAR,XFAR,POS,[QyKMS,KFM, IPUN, IMAG, IR, QSPA(9,40)
JA6/ NMAXyLMAX NS oNLoMMAX sNRyFNOZ X (4, 1011,25Q,NRP,0OF(101)
JAT/ KPyK2,KOUTWT(101),Y (&) ySE(4) ,XMEAN(4) ,CP{180) ySP(180)
/A87 CAL(L101)sXMAG(LOL)FMAG(LOL),NMyAVXM,SDXM,NF AVFM,
SOFMyMAGsKDX{10L) s AMX(101) 4PRX{101),CALX{101),FMP{101)}
/A10/ ANIN(101},AZ(101),TEMP{101),CA(T1},CB(TL)
FALL/ KDATE, KHR,KMIN,SEC,LAT1,LAT2,LONL,LON2Z,RMK1,RMK2,
IGAP ,DMIN,RMSSQ,ERH, 0,05+ QD,ADJISQs INST,AVR, AAR NI KNST, JHR
/A12/ MSTA(101),PRMKI101)sWI101},JMIN{10L),P(10L),
RMK{101),WRK(101),TP{101),0T(101),COSL{T0L)
/A13/ JDX{151),LDX{101),KEY({101)+CLASS(4)
JAl4/ MBK,MDOL BLANK,MSTAR ;00T ,STARG , QUES , CRMK, MCENT, ISTAR
/A15/ MyLoJoORG,JAV,PMIN,AZRES(101) ,NEAR, [DXS,LATEP,LONEP
/A167 KLSS(1SL),CALSIL15L),MDATE(15L) ,MHRMN({151),IPRN,ISHW
JALT/ TIME1,TIME2,LATR,LONR ,KTEST,KAZ,KSORT ,KSEL,XFN
/AYB/ SU101),SRMK(L1OL),WS(101},TSI101),NOS,QRMK{101)
/A197 KNO, IELV{1S1),TEST{15),FLT(2,150) ,MNO(151),IW(L51)
/A21/ KSMP(151),FMO,ONFsB(4}s IPH,KF,AVRPS, IEXLT
/A22/ F(21,21)5G(4921),H{21),DEPTH(21}, IONE
COMMON /A23/ AIN(101),RMS,ADJ,SYM(101)
COMMON /A24/ FLTEP,IPRO,ISTTT,ISKP(4),AHEAD(12),FLIM,AF(3),NDEC
DIMENSION FMTL(321,FMT2(26) ,FMT3{32),FMT4(16),DEMP(101),SYMBOL(S)
DATA FMTL/T(1Xy g 164A7 191 321% " 29F67,9.2,1% 734810 " 4F5.7,72,147,
Y ALy "' F5.2% 1t ALyt e F6.2% s 4 ALe?,TF6.2%,",2137,7,14,",
CI2,F 15,2, 3 FSal% "y V4 tFS. 10,7, 201, X, AL1%,%),24",
V1 PS5t a2s20 4 13,20, PF5.20,%,2011,73,2F,05,100,4,12)%/
FMT 2/ 0 (060" 1Xs2" s P I23F 9476420 0 13,4, P 1,F5°,0.2,17, 4,411,
S FS5.tat20A10 1 Fbat,12,AL" Ty F6.2%, 15 13,0,14,F",
TS5, 1,%,1F5.2%,0,  1,'F5.1°¢ YLTESLLt, 1, 3410,Y) v/
FMT3/ P L1 % ) PAL FY o T6.1,%,0204," PhyLXY g1 ,2120,7,4F60,
8.2y V2 TF6.2051,A2," 1 F4.2" PI3,F",06.2,%,%12,
TFG LY 3% yAL, P4 01X 4A", 13, ¢ TFA Lty AL ", 1X, A0,
Thy 30, VF6,2% 04 A25 9 F4.2%, Ty Ty 'F6.214%,Thy 1, AL) 1/
FMT4/ (AGy ' e ?3F6. 3V LalX s ? gAly?, T2F6.7,72,F5% %1y *4'F6.27,
ColXetetA3, 1,F6.20,9, 1740, 27,012,20,%[4,A%,'1) v/
SYM1ySYM2sF1,F24G19G2/ ="y 14 "F6.27,'FS5.1%,%A6 'y' AS5Y/
FayF5,F69G3,G4/ Faol?, 014, 1,9F4,2Y,%A4 1,144, '/
SYMBOL/ *,%1%,%2¢,%Q7,'%%/,700T/'0. '/

—— . A 4 T b T o ———

COMMON
COMMON
COMMON
CaMMON
COMMON
|
COMMON
COMMON
1
CIMMON
1
COMMON
COMMDN
COMMDN
COMMDN
COMMON
COMMON
COMMON
COMMON
CIMMON

1 *
2 y
3 '
DATA
1

2

DATA

'y
'y
TiXsA®
Yeldy?

1
2 Y14, O
3

L ] ] 1]
L 1 1 L
r L * ?
] ] y L]
v 1] y ] ]
] * 1 1 1]
’ L * r 1
1] ] ] ] ]
] L ’ y ]
] 13 ] ’ L
L 4 ] ] |

DATA

*
7
r
]
v r
t '
r 7
r ¥
T r
r r
T L]
T 1 4

DATA
DATA
DATA

—— o ————— i ] S i o A A O S T T o T, T A g T T A T —— . . o —

IF {LIPRN.GE.2Z) CALL XFMAGS
LATLI=LATEP/60.
LAT2=LATEP~60.*LATY

LONT=LONEP /60,

«0R. [KP.EQ.1M)

60

HYPOOT710
HYPGOT711
HYPOOTL12
HYPOOTL3
HYPODT14
HYPQOT1S5
HYPOOT16
HYPOOT17
HYPOGTLB
HYPOOQT19
HYPDOT20Q
HYPOOT721
HYPOOT22
HYPODT23
HYPQOT24
HYPOQT25
HYPOOT26
HYPDOT727
HYPOOT28
HYPOQ729
HYPOOT73C
HYPGOT31
HYPDOT32
HYP{OT33
HYPOOT734
HYPOQT735
HYPOOT36
HYPQOOT737
HYPOOT738
HYP(OQT39
HYPOO740
HYPOOT741
HYPOO742
HYPOOT743
HYPQO 744
HYPOOT45
HYPQOT46
HYPOOT747
HYPOOT48
HYPC0749
HYPOO750
HYPOO751
HYPOO752
HYPOOQT733 "
HYPOCGT54
HYPOOT55
HYPUOTS56
HYPOOTST-
HYPOOT758
HYPOOT759
HYPOOT4C



—

10

20

25

LONZ2=LONEP-60.*LONL

ADJ=SQRT(ADJSQ)

RMS=SQRT (RMS55Q)

JHR=KHR

OSAVE = 0ORG

IF (ORG .GE. O0.) GO TO 5
ORG=0RG+3600.

KHR=KHR~1

KMIN=ORG/60.0

SEC=0RG-60.0%KMIN
ERH=SQRT(SE{L)**#2+SE{2)*%2])

NO=FND

RMK1=BLANK

RMK2=BLANK

RMKO=8LANK

KZ=1 FOR FIXED DEPTH; ONF=0 FOR QRIGIN TIME BASED ON SMP'S
IF {(DONF .EQ. 0.} RMKO=STAR%

IF {KZ .EQ. 1) RMK2=5TAR4

J=0

DD 10 I=1+NRP

IF((DX{I).EQ.D. 1. AND.IDY(I).EQ.0.))} GO TU 8
AZ(I)=ATAN2(-DX{1),DY{[))*57,29578
G2 TO 9

AZ{I}= 999,

IF (AZ{I) .LT. 0.) AZ{I)=360.%A2(I)
AINCIY=ARSIN(ANINCI) ) *57,29578

IF (AIN(I) LT, O0.) AIN{I)}=1B0.¢AIN(L)
AIN(I)=180.-AIN{I)

IF (WT(I) .EQ. O.} GO TO 1O

J=J+1

TEMP(J)=AZI(1)

CONTINUE

CALL SDRT{TEMP,KEYJ)
GAP=TEMP{1)+360.~TEMP(J)

DD 20 I=2+4

DTEMP=TEMP{I)-TEMP({I~1)

IF (DTEMP .GT. GAP) GAP=DTEMP
CONTINUE

IGAP=GAP+0.5

DO 25 1I=14NRP

DEMP(1)=DELTA(I)

CALL SCURT{DEMP,KEY:NRP)
DMIN=DEMPL 1)

IDMIN=0OMIN+0.5

OFD=Z

TFD=2.%7

IF {OFD .LT. 5.) OF0=5.

IF (TFD .LT. 10.) TFD=10.

J5=4

IF ((RMS.LT.0.501.AND.{ERH.LE.5.0)) J5=3
IF {(IRMS.LTa0.30) . ANDo{ERH4LE.2+5) . AND.(SE{3}.LE.5.0)) JS=2

61

HYPOO761
HYPOOT6&2
HYPOOTE3
HYPQO0T764
HYPOD765
HYPOO 766
HYPOCQTET
HYPOOT768
HYPOOTH9
HYPOC 770
HYPOO?771
HYPOOTT2
HYPOOTT73
HYPOOTT4
HYPGOTVS
HYPOCT76
HYPQOTT7
HYPOOT78
HYPQOTTo
HYPOOTS8O
HYPCOT81
HYPOOTB2
HYPOOTE3
HYPOOTB4
HYPDO785
HYPQO786
HYPQOT87
HYPOOT88
HYPOOT89
HYPOO TS0
HYPDOT91
HYPDO792
HYPDOT93
HYPOOT94
HYPOOT795
HYPDQT96
HYPOQOT97
HYPOOT798
HYPOO799
HYPOOBCO
HYPO08G1L
HYPOOBO2
HYPOOBO3
HYPOOBOS -
HYPOOBOS
HYPOOBO6
HYPOOBOT
HYPODBOB-
HYPDOOB09
HYPOOB1O
HYPDOB11



IF ((RMSaLTe0+15)+ANDA{ERHaLE«1+0)+ANDL(SEI3).LEL2.0)}) J5=1
JD=4
IF (NO JLT. &) GO TO 30
IF ({GAPLLE.135.).AND.(DMINLLE.TFD}) JD=2
IF ({(GAP.LE. 930.).AND.(DMINL.LE.OFD)) JD=1
30 JAV=(JS+JD+1l)/2
G=CLASS{JAV)
QS=CLASS{JS)
QAD=CLASS(JD)
50 TIMEZ=SEC+1.D+02xKMIN+1.D+04*xKHR+1,.0+06*KDATE
IF(IPRN .EQ. 0) GO TO 52
IFINI «NE. 1) GO TO 60
IFINDEC .GE. L} GO TO 60
52 KKYR=KDATE/10000
KKMO=({KDATE-KKYR*10000)/100
KKOAY={KDATE-KXYR*LQQ00~KKMO*100)
IF{KSEL) 501,501,505
S01L WRITE{6,502)
502 FORMAT{(//7)
GO TO 535
505 WRITE{6,506]
506 FORMAT{1HL)
51 WRITE(5453) AHEADKKYR XK KMO,KKDAYKHR,KMIN
53 FORMAT( /30X 1284sT112,124' 7 %4824 /7% 212046Xs12,%21,12)
535 IF( TIMEZ - TIMEl .GT, -20.)6G0 TO &0
WRITE(64+54)
S5 FORMAT{ *x*x&x FOLLUWING EVENT 1S5 OUT OF ORDER ®&k#kxk?)
60 IF {(KP.EQ.1} AND. (IPRN.EQ.O}) GO TO &7
IF (IPH LEQ. 1) GO YO &2
WRITE(B:+51} -
61 FIRMATL/:59%," ADJUSTMENTS (KM}
15 ADJUSTMENTS TAKEN?', /.
2 I ORIG LAT N LONG W DEPTH DM AMS AVRPS 5KD CF
3T DLON DZ ODLAT DLON DZ DOLAT ODLON DZ DLAT DLON
421%)
IF {IPRN .EQ. 1) [PH=1
62 WRITE{6+63) NIySEC.+LAT1,LATZ2,LON1,LON2,ZsRMK2, IDMIN,RMS,AVRPS,
1 QS +KFsQDyFLIMB{2)4BULL)BU3),AF{2)+AF{1),AF(3),SEL2),5E(1),
2 SE(3)eY12)e¥{1),¥(3)
63 FORMAT (I3 sF6u2v 134 ="' 4FS5.21149" "4 F5.2¢F08.20A1413sF5.24F6.2,
1 IXsAlsI1,A1+13F6.21
IF {KP .EQ. Q) GO TO 100
67 JNST=KNST*10+INST
IF {NM .EG. 0) AVXM=0.
IF (NF .EG. 0} AVFM=0.
FMT1(l4)=F1
FMTL(19}=F2
FMT1{21)=F2
FMT2(14)=F1
FMT2{20)=F2

PARTIAL F-YALUES

62

HYPDOB12
HYPOOB813
HYPOOB14
HYPOO815
HYPDOB16
HYPOQSBL7?
HYPGQB18
HYPDO219
HYPOO0820
HYP0OOB21
HYPDO0822
HYPOD823
HYPQOB824
HYPQ0825
HYPQ0826
HYPDOB27
HYPOOB28B
HYPOQB23
HYPQQB30
HYPOO831
HYPQO832
HYPDC833
HYPDO834
HYPDO0835
HYPDOB36
HYPOOB37
HYPOOB38
HYPQOO0839
HYPDO840
HYPDOB41
HYPOOB42

STANDARD ERRORHYPNOO843

HYPDUB44

ODLAHYPOOB4S
DHYPOOB46

HYPOOB4T
HYPQOB48
HYPOOB49
HYPOODBSO
HYPOOBS1
HYPQOBS2
HYPOOBS53
HYPOOB54
HYPOO85S
HYPOOD856
HYPOOG857
HYPOOQ8SS
HYPOO859
HYPOOB6O™
HYPDOBG1
HYPOO862



FMT2(22)=F2
IF (MAG .NE. BLANK) GO TO 68
FMT1{14)=Gl
FMT2(14})=G1
68 [F {SE{(3}) .NE. G,) GO TO 70
SE{3)=BLANK
FMTL(21)=G2
FMT2(22)=G2
70 IF (ERH .NE. 0,) GD TO 72
ERH=BLANK
FMT1{19)=G2
FMT2t20)=62
72 WRITE{64+75)
75 FORMAT({//y * DATE
L DM GAP M  RMS ERH
2F AVFM SDFM I*)

ORIGIN
ERZ Q@ SQD

LAT N

ADJ IN NR

LONG W
AVR

DEPTH

HYPOQB63
HYPO0B64
HYPDOQB865
HYPOO866
HYPOGBSGT
HYPOOB6E
HYPOOB&Y
HYPOQ8T0
HYPOO8TL
HYPOOBT2
HMYPDOB?3
HYPODBT4
HYPDOA75
MAG NOHYPOOBT6

NM AVXM SDXM NHYPDOBTY

HYPDOBTS

B0 WRITE{(H6+FMT1)IKDATE sRMKD ¢ KHR+KMINSEC4LATL 45YML,LAT2,L0ONL,S5YML,LONZHYPOOBTI
1oRMK1,yZ s RMK2 4 MAG 4 NO» IOMIN, IGAP s KNUyRMS 4ERH,SE(3)+Q,Q35:,5YM2,Q0,A0J HYPOCSBAO
21 INSTyNRyAVR L AAR NMy AVXM, SDXM NF 4 AVFM, SDFM, NI

IF {IPUN .EQ. 0) GO 7O 100

IF ({QRMK{1).NE.SYMBOL{4)) . AND. (URMKI(1).NE.SYMBOLIS)))

LORMK (1)=SYMBOL(1)
SYM3=5YMBOL (XNO+1)

WRITE(7.FMT2) KDATEsKHR)KMENSSECLATL »SYML,LAT2,LONLl,SYML,LON2
1yRMK14ZyRMK2 4 MAG,NOy IGAP yDMINyRMS,ERHySE(3) 4QRMK{1),Q,5YM3

1C0 IF (KP (EQ. 1) GO TQO 105
IF{IPRN .LE. 1) GO TO 300

105 WRITE(6,110}

110 FORMAT{/,®

HYPOOBS1
HYPQOQ882
HYPUOB8E3
HYPQOO88¢4
HYPDO885
HYPOOB86
HYPUOBE?
HYPOQB88
HYPOOBSES
HYPOC830

STN OIST AZM AIN PRMK HRMN P-SEC TPOBS TPCAL OLY/HI PHYPOOS891

L-RES P-WT AMX PRX CALX K XMAG RMK FMP FMAG SRMK S-SEC TS0BS S-RES HYPO08S2

2 S-WT DT*}

DO 200 I=1,4NRP

K=1

IF (KSORT .EQ. 1} K=KEY{(])
KJI=KDX(K}

TPK=TP{K)~ORG

IF {TPK «LT. G.) TPK=TPK+35600.
FMT3{10)=F1

IF ({AZRES{K).NE.DOT).AND.{AZRES{K).NE.BLANK) .AND.

- 1IAZRES(K).NE.ZDOT)}) GO TO 114
X(44K}=RLANK
FMT3(10)=G1
114 RMK3I=BLANK
IF (XMAGIK) .EQ. BLANK) GO TO 118

IF {ABSIXMAGIK)-AVXM) .GE. 0«5) RMK3I=S5TARSG

115 AMK4=BLANK
IF {FMAG(X) +EQ. BLANK) GO YO 130

IF (ABS{FMAG(K)=AVFM) .GE. 0.5} RMK4=S5TAR%

130 FMT3{(171=F4
FMT3(2L)=F5
FMT3{22)=F%
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HYPOOB93
HYPD0B%4
HYPOOB95
HYPOOB9I6
HYPOOBIT
HYPO0898
HYPO0OB99
HYPQ0900
HYPQOS01
HYPD0902
HYPOOI03
HYPOO3Q4
HYPQQI05
HYPDOSOS6 -~
HYPOOIGT
HYP00908
HYPQO909
HYPOO910—
HYPOOQS11
HYPO0912
HYPOO913



FMT4(8})=F1 HYPOO914

FMT4(11}=F1 HYPOG215

IF (XMAG{K)} .NE. BLANK) GO TO 160 HYPOGCIL6
FMT3{17)=G3 HYPOO9L7
EMT&4(B)=GLl HYPDGI18

160 IF (FMAG(K} J.NE. BLANK) GO TO 162 HYPOO919
FMT3(211=064 HYPQO0920
FMT3(22)=G3 HYPOG921
FMT4(11)=G1 HYPD0322

162 FMT3(26)=F1 HYPO0923
FMT3(28)=F6 HYPOO0924
IAZ=AZ(K)+40.5 HYPDO0925
TAIN=AIN(K])+0.5 HYPOO926
[AMX=AMX{K) HYPOOC327
[PRX=100.%PRX{K)+0.5 HYPOC928
IFMP=FMP{K)} HYPDO929

IF (LDX(K) .NE. 0} GO T3 163 HYPOQ93G
----- CHECK FOR SMP DATA HYPDO931
IF {KSMP{K) .£EQ. 0} GO TO 165 HYPDO0932
SRES=X{4,K} HYPOO933
RMK5=BLANK HYPDO934
SWT=11ll1l. HYPDO935
TSK=5(K)=P{K) HYPOO936

GO TO 168 HYPOOD937

163 KK=LDX(K) . HYPUG938
SRES=X(4¢KK) HYPO0939
RMXS=WRK{KK} ' HYPDO34D
SWT=WT (KK) HYPOO941

164 TSK=TS(K)-0RG HYPDO942
GO TO 168 HYPOO943

165 S{K)=BLANK HYPOO94%
TSK=BLANK HYPOO945
SRES=BLANK HYPDO946
RMKS=8BLANK HYPOO947
SWT=BLANK HYPQUQ948
FMT3(26)=61 HYPDO949
FMT3(28)=(G3 HYPQO0S50

168 FMT3({30})=F1 HYPDO0951
DLYK=DLY{(KNO,KJE} HYPOOD9I52

IF (ISW .EQ. IONE) DLYK=FLT{KNO,KJI) HYPOQ953
DTK=DT({K} HYPOO954

IF (DTK .NE. Q.} GO TO 170 HYPOO955
DTK=BLANK HYPOQ956
FMT3(30)=G1 RYPQQO957 -

170 WRITE{6FMT3) MSTAIK) +DELTA(K} +JAZyTAINPRMK(K) s JHRyJMINIK),P(K) HYPOLISS
1, TPy TOK) o DLYK o XUH oK) o WRK{K) 4WT{K)y IAMX, [PRX,CAL{K) HYPOQ95%
29KLASIKJIL) » XMAGIK) gRMK3 g RMK{K) o ITFMP 3 FMAG(K) yRMK4 » SRMK [K) ¢ STK ) HYPOG096D
3yTSKySRESyRMKS s SWT »DTK» IW(KII) HYPOGO961 -

IF (IPUN .NE. 2) GO TO 200 HYPDO0962
ISEC = 100.%5EC HYPDD963
WRETE({T,FMTS) MSTACK) +DELTAIR) vAZIK) yATN(K) yPRMKIK) ¢ TPK X {4,4K) HYPOOS64
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L1aWTIK) o XMAGIK) JRMK{K) s FMAG(K) s KDATE KHR ¢ KMINy ISEC KJL4SYM3 HYPOQ965

200 CONTINUE HYPQOOQ366
IF (IPUN .NE. 2} GO TO 300 HYPOOI36T
WRITE(T,205} HYPU(O968

205 FORMAT(' $$8°; HYPOO969

300 KHR = JHR HYPQO9I70
ORG = QSAVE HYPOQSTL
RETURN HYPOO097T2
END HYPQOOQ9I73
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SUBROUTINE SINGLE HYPOO9 T4

-------- SOLUTION FOR A SINGLE EARTHUUAKE =====memce e v e m == HYPO0975
INTEGER*®? SYM HYPOQ97Té
REAL#*8 TIMEL,TIMEZ HYPDO9TT
REAL LATRT,s LONRT, LAYSVs LUNSV HYPUO9TE
REAL LAT, LONSLATZ2+LONZ2,LATEP,LONEPsMAG,LATR,LONR HYPD0979
COMMDON /AL/ NSTA(LIS51)4DLY{24151) FMGCIISL) XMGC(1S51)+KLASLILS]) HYPDUI8L

H PRR{151}+CALRI(15L)ICAL{LS51) o IS(L5L ) NDATE{LIS51} " 1HRMA{LS]l) HYPGQO8L
COMMON /A2/ LAT(151}),LON{151),DELTA(L1OL},DX(101)},DYLI0L),T{LOL) HYPOO982
COMMON /A3/ NRES(Z2,151),NXM{151) ,NFM{L151),5R(2,151),5RS3(2,151}, HYPO(983

1 SRWT{24151) ¢ SXMILSL)sSXMSQILSL)SFMILSL)SFMSQ{151),uNO(4) HYPO0984
COMMON /AS/ ZTRyXNEARSXFAR,POSs IQeKMSsKFMy IPUN, IMAG,[3,QS5PA( 7,40} HYPDQ985
COMMON JAL/ NMAXLLMAX yNSoNLoyMMAX 3 NReFNOoZ X4, 101) 425G sNRPyDFILI01IHYPOODI86E
COMMON /ZAT/ KPyKZ+KODUT4WTILO0L) Y (4)oSE(4) XMEAN{4) +CP(LBC)5P({180)HYPDQI8T
COMMON /A8/ CALI10L)XMAG(LIOL),FMAG(LOL) NMyAVXM,SDXM,NF,AVFM, HYPJ0 388

i SDFMoMAG,KDX(101) ,AMXT{101}4PRX(I0L),CALX{LOL},FMP({L10]} HYPO0989
COMMDN FALQ/ ANIN{LO1),AZ{201)TEMP(1GL)CAITL)},CB(T1} HYPOQ99(0
COMMON /All/ KDATE KHRyKMINySEC)LATL2LAT24LONL,LGN2RMKLE,RMK2, HYPO0991

1 IGAP yDMINRMSSQ,ERH, G+ QS9QU,ADJISQs INST,AVR, AAR,NIKNST,JHR HYPNQ39?
COMMON /A12/ MSTAULOL) 4PRMK{101),WELOL) ¢ JMINTICOL)YPEICL)Y HYPDRO993

1 RMKLLOL ) WRK(LOL),TP{LOL}»DTILOL)Y,COSLLTOLY} HYPUOD994
COMMON /7A13/7 JDX{151),L0X(101),KEY(LO1) CLASS{4) HYPOG395
COMMON /At4/ MBK,MDOL ,BLANKsMSTAR,DDT,S5TAR4,QUESCPMK,MCENT,ISTAR HYPUO99&
COMMON /AL1S5/ MsL+Je0ORG+JAV,PMINSAZRES{1ICL) ¢ NEAR, IDXS,LATEP,L{INEDP HYPJ(99T
COMMON /A16/ RKRLSSUL51),CALS(LSL)MDATE(L151) MHRMNI1IS1), 1PN, ISW HYPO0338
COMMON JAL1T/ TIMEL,TIMEZ2 yLATRJLUONRLWKTEST)KAZ ¢yXSORT,KSEL:XFN HYPJ0993
COMMON /A18/7 S{101),SRMK(LOL}yWS{L101)sTSELOL) +NAS,QRMK{101} HYP{OLCOO
COMMODN /7AL9/ KNOL,IELVILSL) TEST{L1S)+FLT{2,151L) 4MNULLSLYIWILS1) HYPO1001
COMMON /A207 VI21},00(2L),vSQL21),THK{2L),TID(21,21},DID(21,+21} HYPOL1002
COMMON /A217 KSMP{151)+FMO,ONF,B{4), [PHKF,AVRPS,IREXIT HYPJLGG3
COMMON /AZ22/ FIl21,21)+G{%,21)+H12L)+DEPTHIZ2L)}, [ONF HYPO 1004
COMMON /A23/7 AIN{101)RMS,ADJ,SYM{10]) HYPOL1UOS
COMMON /A24/ FLTEP,IPROyISTTT,ISKPI4)AHEAD(L2) yFLIM,AF(3)4NDEC HYPO 1006
DIMENSION SUM{S) 4 YSAVE(4) s WF(41) ALZELO)sLA(LIC),LD(LT) HYPDLOO7T
DATA WF/e954049540e9940.95404954049590494,0494,0.94,0.93, HYPOLl00A

1 09210292+ 029130.9040.8890.8740.85,0.83,0.80,0.77 HYPOL009

2 0e7390.6930.6640.59,0.5340.47+0.41+0.34,C.28,2.23, HYPOLO1G

3 0e18¢0.1440.1150.08,0.0630.049040340.02+0.01,0.01,0./ HYPUL1011
DATA LA/1y14141,0s09=Ly=1ly=14=1/ HYPO1012
1 LQ,*].;“I.Q"’I.!"’.[O[OQ"IO"}.r*].g“"].l'i HYPQLIOL3

2 ALZ/7-1u09g=laQe+la0s+1a09=1.7329+LaT329y=la0y=1.04+1.0,+1.0/ HYP(1101l4

******************************* - —————— - ~==~=HYPU1015
AVRPS = 0.0 HYPGLGL6
IEXIT=0 HYPOL1OL7
LATRT=0. HYPOlGlE
ZRES=P{NR+1) HYPO1019
KNST=JMIN{NR+1) /10 HYPO1320
INST=JMIN(NR+L}=KNST*10 HYPOD1021™
NRP=NR HYP(1022

30 IF (IDXS LEQ. 9Q) GO TG an HYPUL1023

------- TREAT S DATA BY AUGMENTING P DATA ———eevecmcrccwscwcr v n e cmn e e HYP 1024
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25

85

90

26
97

98

99

100

102

NOS=0

D0 65 I=1+NRP

IF {LDX(1) .EQ. Q) GO TO 65
NOS=NDS+1

NRS=NRP+NDS

TPINRS)=TS{I}

WINRS)}=WS(1])}

KSMP{NRS)=0

IF ({KNST.NE.L) .ANDJ{KNST.NE.6)) W(NRS}=0.
KDX{NRS)=KOX(1)

LDX{TI}=NRS

WRK[NRS)=BLANK

CONTINUE

NR=NRP+NOS

= INITIALIZE TRIAL HYPDCENTER ==—m—mmmmm oo oo oo

K=KDX{NEAR)}

SVYI = 0-0

SYY2 = 0.0

Svy3l = 0.0

ERLMT = Q.

DO 25 [ = 1,3

ISKPLI)=0

CONTINUE

IF (INST .NE. 9) GO TU 30

READ{5+485) DRG1sORG2yLATI#LATZ2LONLSLONZ,Z
FORMAT(FS,04F5.2,154F5.2,15,2F5.2)
ORG=60.%0RG1+0RG2

LATEP=60.*LAT1+LAT2
LONEP=60.*%LON1+LON2

GO TO 105

IF {NR .GE. 3) GO TD 100

WRITE(6,97)

FORMAT{///," *%¥sk INSUFFICIENT DATA FOR LOCATING THIS QUAKE:?!)
IF{ NRP LEQ. O ) NRP =]

DO 98 L=1,NRP

WRITE(6+9F) MSTA(L) ,PRMKI{L )} ¢yKUATESKHRy JMINIL),P{L}»S(L)
PORMATI(SX,Z2A4, L X4 [64+2]12,F5.2,7X+F5.2)
1EXIT=1

IF (NRP .EQ. 1} RETURN

GD TO 575

I=2TR

IF (AZRESINPP+#1).NE. BLANK) Z=IPRES
IF(LATRT.EQ.0.) GU TG 102

LATEP=LATRT

LONEP=LONRT

GO TO 10S \

iF {LATR .EQ. 0.} GO TO 104
LATEP=LATR

LONEP=LONR

GO TO 108
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HYPD1025
HYPQL1026
HYPO1027
HYPD1028
HYPO1029
HYPO1030
HYPO1031
HYPOL1032
HYPO1033
HYPOl034
HYPOLG35
HYPOL036
HYPD1Q37
HYPO10G38
HYPDO1039
HYPO1040
HYPD1041
HYPO1l042
HYPO1043
HYPO1Q44
HYPO1045
HYPO1346
HYPOL1047
HYPOl048
HYPU1049
HYPOLOSO
HYPD1051
HYPOLl052
HYPOLl053
HYPUl054
HYPO1055
HYPN1GS6
HYP1QS5Y
HYPO10%8
HYPQ1059
HYPO10&0
HYPUO1061
HYPOL1062
HYPO10&3
HYPO1064
HYPD1365
HYPOL1L6E6S
HYPOLlO06&7
HYPO1068 -
HYPULl06S
HYPOJLCTC
HYPalorl
HYPOLIOT2-
HYPQOLJ73
HYPQOLOT74
HYPDLGTS



B

115

-

LATEP=LAT{K}+0.1
LUNEP=LON(K)+0.1

ADJS5Q=0.

IPH=0

NDEC=0

PRMSSQ=100000.

IF {1SW .EQ. IONE} KNO=MNOI(K)
IF{ISW .EQ. I[ONE) FLTEP=FLT(KND.K)

NIMAX=TESTI(11}+.0001
NI =1

IF {INST
IF{ERLMT .ERQ.

~EQ. 9} NI=NIMAX

0.) GO 70O 110

LATEP LATSV + LA{NAI*DELAT

LONEP = LONSV + LOINA)*DELON

1 ISV + ALZINAI*DEZ

IF{Z .LT. 0.) I=0.

FMO=0.

FNO=0.

DO 112 I=1,5

SUM{T)=0.

CALCULATE EPICENTRAL DISTANCE BY RI
DO 120 I=1,NR

JI=KOX(T)

AVL=(LAT(JI)+LATEP)/120.

Ml=AVL+1l.5

M2=AVL*10.+1.5
DX{IY=(LON(JI)-LONEP)«CA (ML} =COSLIM2)
DY{D)={LAT(JI)-LATEP}*CB(M1) t

GEIGER'S ITERATION TO FIND HYPOCENTRAL ADJUSTMENTS

[ R ——

CHTER'S METHOD

DELTA(T)=SQRTIDX{T)=%24DY(1}*%2)+0,000001

WTUI) =Wl ) :

B el L R PP p——

IF (NI .LE. 13 GO TO 115

== DISTANCE WEIGHTING -—-—=—e——e—e-

IF (DELTA(I} LE. XNEAR) GO TO 115
WI{I)=WII)YR{XFAR-DELTA{1})/XFN

IF (WTUI) LT. 0.005) WT{1}=0.

IF (WT{I) .EQ. 0.} GO TO 120

[F (KSMP(I) .EQ. 1) FMOD=FM(+1l.
FNO=FNO+1.

SUM{&)=SUM[&4)+WT (1)

CONTINUE

IF (FNO .LT. 3.) GO TO 96
AVWT=SUM{ 4} /FND

-~ NORMALIZE DISTANCE WEIGHTS —-—--=w—=-
SUM(4)=0.0

DO 122 I=1snNR

WTL{I)=WT(I)/AVWT

IF ((NI.LE.2).0R.(KAZ,EQ.Q))} GO TO 130

AZIMUTHAL WEIGHTING
CALL AZWTOS
COMPUTE TRAVEL TIMES & DERIVATIVES
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HYPDOLOTGE
HYPOLDTT
HYPUlDT73
HYPOLSTY
HYPOLOS8O
HYP1081
HYPO1582
HYPGLDE3
HYPO1084
HYP(O1085
HYPOL1086
HYP1087
HYPIL038
HYPQOL1U8%
HYPO L0990
HYPO1091
HMYP1092
HYPOL1093
HYPO 1094
HYPO1095
HYPOLC 36
HYPO1037
HYP{I1098
HYPLGYT
HYP(OL1100
HYP(1101
HYPU11n2
HYP31103
HYP11Cs
HYPJ110%5
HYPOL11U6
HYPOILLO7
HYPOLLOR
HYPOL1GY
HYPOLL1O
HYPU111}
HYPOILLZ
HYPI1L13
HYPUllLlls
HYPOLL11S
HYPO1Ll1l5
HYPOLLLY
HYPCLLLlS8
HYPJIL13.
HYPQLl12C
HYPUlLLl21
HYPG1122
HYPO1123.
HYPQl1l24
HYPO1125
HYPJ1l24



130

—— e

-

152

153

I1s5Q=24a%2 HYpQalle?
CALL TRVDRV HYPIL1l2E
FOLY=1. . HYPOLl129
IF (1ISW «EQ. IDNE)} FDLY=0. HYPULL3O
-~ CALCULATE TRAVEL TIME RESIDUALS X{4,[} & MDODIFY THE DERIV'S —--=HYPOLL31L
DO 150 I=1,NR HYPULL13?2
JI=KDX(1) HYPOLl1l33
IF (1 JLE. NRP} GO TO 145 HYPO11l34
~= § PHASE DATA ~=-mmccer e s s e e e e e e g e e e e e e e HYPDLL3S
T{IY=POS*T(1} HYPOLl136
X{1,1)=POS%*X(1,1} HYPDL137
X{2,1)=P0SEX(2,1) HYPI1138
XU3,1)=P0S*X{(3,1} HYPQL139
Xl4 o I)=TP{1)=-T{1})~0RG-PUS*DLY{KNIsJI}&FDLY HYP(1140
GD TO 150 HYPQO1ll4l
I[F {KSMP{I) LEQ. 0) GO TO l4é HYPO1la2
—= S5-P DATA -——--memme—em - - o o et e HYPO1143
X{1l,I1={POS-1.)%X{1,1]) HYPIll4asg
X(2,1)=(POS~-1.)%X{2,]) HYPO1145
X{31)=(POS—1a)%X{3,1) HYPOl146
X(a0)=TS(I}=-TP{L)~(POS=1.}*{DLY(KNO,JI)#FOLY+T{1)) HYPOL147
GD TQ 150 HYP(L148
== P TRAVEL TIME RESIDUAL =w=—m=—w—na- - o e e D D i e A W e e e 7 HYPOL147
X{4,1)=TP{I1=T{I)=-0RG-DLY(KNUsJI)*FDLY v HYPJ115G
CONTINUE HYPO1151
-=- COMPUTE AVR, AAR, RMSSGUy L SOR —————meea e e b e o e HYPOLL152
ONF=0.0 HYPOLL153
D0 152 I=1,NR HYPOLl1S4
ONF = DNF + WT{IY#{1~KSMP(I)) HYPijL155
XWT = X({4,1)%WTI(]) HYP3L1l%6
SUMIL)=SUM{L}+XWT HYPOLLS7
SUM{2)=SUM{2)+ARSIXKT) HYPO1158
SUMI3)=SUM{3 )1 +X {4, 1) #XWT HYPOLl1l57
SUMIS)=SUM{S)I+XWTx{ L=-KSMP{1)) HYPUll&O
CONTINUE HYPOLLl61
I[IFI(FNO .GT. FMD) AVRPS=SUMIS)/IONF} HYPOLLAZ
AVR=SUM{1)/FNQ HYPOL163
AAR=SUM( 2) /FNU HYPOl 164
RMSSQ=SUMI31/FNO HYPOL165
SDR=SQRT(ABS{RMSSQ-AVR*%2)) HYPOLL66
DO 153 I=1,.5 HYPOLL67
SUMIIY= 0.0 HYPJ1168
CONTINUE HYPOL169
IF [RMSSQ .GE. TESTI1)) GO TQ 154 HYPOLLT7O
IF(ERLMT LEQ. 1l.) GG TO 147 HYPOLLT71
IF{INST.EQ.9} GO TO 501 HYPILLT?
[IFI(NI .GE. 2) GO TO 167 HYPOLLT73
GO TO 1465 HYPUL] 74
-= JEFFREYS' WEIGHTING - —— - - HYPOL175
FM0=0. HYPOLL176
FND=Q, HYPULLTT

69



160

163

166

DO 160 I=1,NR2 L HYPG1173

WRK({I}=BLANK MYPOLLT9
IF (WT4I} JEQ. 0.} GO TO l6G HYPO1l180
K=10.%ABS(X14,1)-AVR}/SDR+1.5 HYPO1181
IF (K .GT. 41} K=41 HYPO1182
WT{I}=WT{I}2WF{K} . . HYPO1183
IF (K .GT. 30) WRK(I1}=STAR4 HYPO11l84
IF tWT(I} .LT. 0.005) WT(I)=0. HYPD1185
IF (WT(I} .EQ. 0.) GO TO 160 ' HYPOLl186
IF {KSMP(]} .EQ. 1) FMO=FMO+l. HYPOL1187
FNO=FNO+1. HYPD1188
SUM(4)=SUM(4)+WT{I]) HYPO1l189
CONTINUE HYP(}1190
IF (FNO «LT. 3.) GO TQ 96 HYPUL1191
AVWHT=SUMI{4) /FND HYPD1192
SUM{4)=0.0 HYPOL193
ONF=0.0 HYPO1194
DD 164 I=1,NR ' _ HYPOL119%
WT{I)=WT(L)/AVWT HYPOLL96
ONF = ONF + WTLI)*(1-KSMP(I)) HYPO1 1937
XWT=X {4 I1EWT(I) HYPO1198
SUMIS)=SUM(5)+XWT#{ -KSMP{1)]} . HYPOL1139
CONTINUE HYPO12G0
-— RECALCULATE AVRPS -=- —— : -===HYPD1201
IF(ERLMT .EQ. 1.} GO TO 163 HypOl202
IFCINST JNE. 9) GO TO 143 HYPQLZ2Q3
AVRPS = 0.0 ) HYPOL204
IFIFNO «NE. FMO) AVRPS = SUM(S)/ONF HYPJ12G5
GO TO 501 HYPOLl206
IF{FNO.EQ.FMO) AVRPS=0.0 HYPOl1l207
IF(ENO.EQ.FMO) GO TO 167 HYPOLl208
AVRPS=SUMI(5) /{ONF) - : HYPQO1209
SUM({51=0.0 - HYPO1210
IF{ERLMT .EQ. l.) GO TO 167 HYPOLZ211
== RESET FIRST GRIGIN TIME =—wew e et e m cm e e o HYpP3l212
IF{NI.GE. 2} GO TO 167 HYPOLZ2L13
URG=0RG+AVRPS HYPQl21l4
DO 166 I=1,NR HYPUJ1215
IF(KSMP(I} JEQ. 0O) X{4,1)=X{4,]1)-AVRPS HYPODL1216
XNT=WT{I)®X(4,1) HYPO1217
SUMIS)I=SUM{S)+XWT#{1l - KSMP{I)) HYP(L218
SUM{2)=S5UM{2)+ABS{XWT) HYPOLZ217
SUMI3)=SUM[3)+X{4,]}xXNT HYPULZ22G
CONTINUE HYPOl221"
IF(FNG .GT. FMO} AVRPS=SUM{S5)/{ONF} HYPOL1222
AAR=SUM({ 2} /FND HYPO1227
RMSSQ = SUM(3)/FNO HYPOL122¢4
Go TO 169 HYPO1225
-- FOR NI>1s COMPUTE AAR, & RMSSQ AS [F AVRPS=(0, -—we———omewvu———- HYPO1226
DO 168 I=1,NR HYPGLZ227

XWT=WT{I)*(X(4,])-AVRPS*=({1-KSMP(I}}) HYPOLZ228

70



168

801

802

803

804

805

807

- -

177

SUM{2)=SUM{2)+ABS( XWT)
SUM{3)=SUM{3)+{X{4,y[}-AVRPS*®{1=KSMPI(I}))*XWT
CONTINUE

AAR=SUM( 2} /FNO

RMSS50=5UM{3)/FNO

IF{ERLMT .EQ. 0.) GU TO 169

-= QUTPUT RMS ERRDR 0OF AUXILIARY POINTS
L = LATEP/60.
ALA = LATEP -
L = LONEP/SKD.
ALO = LDNEP - 60.*L

RMSX= SQRT{RMSS5Q)

DRMS = RMSX -~ RMSSV

GO TO (1324394954641 v24394)y NA
WRITE(64801) ALASALUZ yAVRPS RMSX ORMS
FORMATI(SF10.2410X,,Fb.2)

GO 10 174

WRITE{(6,802) ALAJALUsZ»AVRPS,RMSXyDRMS
FORMAT(SF10.2,28%XsFb6.2)

GO TD 174

WRITE{6,803) ALA ALD+ZAVRPS RMSX,0DRMS
FORMATISFLO0.2,13Xs'"{"sFb.24%)1)}

GO TO 174

WRITE{6+804) ALA,ALO,ZAVRPSyRMSX,DRMS
FORMATI{SF10.2+31Xy%{*yFE.24%}")

IF{NA LEQ. 10} GO TO 550

GO TO 174

WRITE{6,805) ALAJALULZ,AVRPSRMSX,DRMS
FORMATI(/5F10.2:19X,F6.2)

WRITE(6,807) RMSSYV
FORMAT(4O0X,F1l0.2,23%X,'0.00%)

GO TD 174

WRITE1O6,806) ALAJALD,Z2AVRPSRMSX,DPMS
FORMATI(SFLO.2422Xs P {("4F6H2:+%) /)

NA = NA + 1

GD TO 111

604 *L

—- CHECK IF SOLUTION IS BETTER THAN PREVIOUS ANE

IF{ (NI .EQ. 1) 4AND. (NDEC 0}) GU Tu 170
IF(PRMSSQ.GELRMSSQ) GO
NDEC = NOEC +1

IF(NDEC .GT. 1) GO TO 175
DO 177 I= 1.3 -
B{I) = 0.0
AF{I)==1.0
SE{I) = 0.0
CONTINUE

NI = NI =1
BM1l=Y{1}
AM2=Y(2)
BM3=Yv(3}

BMAX = ABS(Y(1))

.EQ.
o 170
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HYPUJL22+
HYP3L12 30
HYPO1251
HYPUJL2732
HYP1233
HYPJLl234
HYPOL23%
HYPO1236
HYPQOLZ237
HYPOLZ233
HYP(OQ12 39
HYP{il240
HYPOl241
HYPQ1242
HYPN1243
HYPOLl 244
HYPDl245
HYP(11246
HYPLI1247
HYPO1248
HYPUl249
HYPOL1250
HYPL1251
HYPUL1252
HYPDO12%53
HYPUL254%
HYPOL255
HYPuLL1254&
HYP31257
HYP1253
HYPOLZ2592
HYPO1260
HYPC12561
HYPLULZ62
HYPOL263
HYPULZ264
HYPO1265
HYRL 266
HYPOJLl267
HYPN1268
HYPLLlcHY
HYPUL2T7C
HYPI1271
HYPOL272-
HYPO1273
HYPGLZT74
HYPOL27S
HYPLU1276
HYPO1277
HYPO127R
RYPQLZTY



176

305
308

310

[IMAX = 1
DO 176 1 = 2,3

IFLABRS{Y(I}).LE.BMAX) GU TO 176

BMAX = ABS(Y(I})
[IMAX = |
CONTINUE
ISKP(TIMAX)=1
Y{l)=-BM1/5.
Y{2)=-BMZ2/S5.
Y{3)1=-BM3/5.

Y{4)=-Y(L)AXMEAN{L)}-Y(2)*XMEAN(2)~-Y{(3)®XMEAN(3)

XADJSQ=Y[1)#&2+Y (2} %%2+Y (3 ) *%x2
KP=0

IFIXADISG LLT. 4.%TEST(4)/25.)
IFINDEC .EQ. 5) 6O TO 170

GO TO 325

GO 7O 117G

HYP. 11280
HYP31241
HYP21282
AYP11283
HYP(Il25&
HYPUl285
rAYP}l286
HYPOL2E87
HYPULZARR
HYP21283
HYP(I12990
HYPOL291
HYPO12G2
HYPuUlL293
HYPD12%94
HYPJL1295

=~ STEPWISE MULTIPLE REGRESSION ANALYSIS OF TRAVEL TIME RESIDUALS-HYPO12Z2Y6

IF(NDEC .GE. 1) NI = NI + 1
IF [INST.EQ.1l) GO TO 250
IF(ISKP{3) .EQ. 1} GO TO 250
IF (INST .EQ. 9) GO TO 501

IF ((FND.EQ.3} LAND. (FMD.LT.3)} GO TC 250

FREE SOLUTION
KI=0

KF=0

CALL SWMREG

-~ AVOID CORRECTING DEPTH IF HORIZONTAL CHANGE IS LARGE

IF (Y(1)=¥2+¥(2)%%2 L T. TEST(2}))

FIXED DEPTH SOLUTION
KZ=1

KF=0

CALL SWMREG

-- LIMIT FOCAL DEPTH CHANGE & AVOID HYPOLENTER

DO 275 1= 1.3

ISKP(I)=0

CONTINUE

OLDY1=Y(1}

CLDYZ2=Y(2)

OLDY3=Y {3}

ABSY1=ABS(YI[1))
ABSYZ=ABS(Y({2)}
ABSY3=ABS(Y(3))
IF{ABSY1.GT.ABSY2) GO TO 305
ABSGR=ABSYZ2

GO TO 308

ABSGR=ABSY1l
IFtABSY3.LE.TESTIS))} GO TO 310
I=ABSY3/TESTL(S)
YU3)=¥{3)/([+1}
IFt(Z+Y(31).6T. 0.0) GO TO 315
Y{3)=-Z2TEST{12)+.000001

72

—— .

GO TGO 300

IN THE AIR

HYPU1297
HYPULZ29R
HYPO1229
HYPL1300
HYPO1 301
HYPO1302
HYPJ1303
HYPO1 304
HYPU1305
HYPDO1306
HYPOL3L(7
HYPOL30S
HYP(O1309
HYPOL3LG
HYPOI1311
HYPOLl312
HYPJ1313
HYPQ1314
HYPU13L5
HYPOL316
HYP(1317
HYPO1312
HYPUL13193
HYPU132G
HYPO1321
HYPOl322
HYP(O1323
HYPG1324
HYPQ1325
HYPL1324
HYPU1327~
HYPQOL328
HYPUL3Z29
HYPOL133G



e

315

326 YU4)=Y(4)-{Y(3)-0OLDY3)*XMEANI3)-(Y{1)-OLOYLI#XMEAN( 1)

------- ADJUST HYPUCENTER wmemmeemeo ;- c— e e v e e e e e

——————— RESET ORIGIN TIME =mm e e e e e e e

509

~=— LIMIT HORIZONTAL ADJUSTMENT QOF EPICENTER

IsKe(3) =1

IF{ABSGRLLELTESTI(10))} GO T0O 320
I=ABSGR/TEST(10)
YD) =Y{1)/{I+]1)
Y{2i=¥{2)1/{1+1}

L =(Y{2)-0LDY2)*XMEAN{2Z)
XADJSQ=Y {11 %524 (2] F¥24Y (1) #%2
KP=C
NDEC=C
[F (IPRN .GE. 1) CALL OuTPUuT
IF{NDEC .GE. 1) GO TD 330

IF (XADJSQ .LT. TEST(4)) GG TO 500
[FINT .£Q. NIMAX}) GO TO 500

AVL=LATEP/60.

MI=AVL+1.5

MZ2=AVL*10.+1.5

OY1 =¥Y{1)/(CA{ML}*COSL(MZ2))
DY2 =Y{(2}/CB{ML)
LATEP=LATEP+DY2
LONEP=LUONEP+DY1

I=2+Y13)

ORG=0RG+Y(4)

Svyl = ¥(1)

svy2 ¥Y{2)

Svy3 Y(13)

ADJSQ=XADJSQ

IF{NDEC .EQ. O} PRMSSQ=RMSSQ
IF(NDEC.GE.1) GO TOU 110

NI = NI + 1

IFINI .LE. NIMAX)} GO TO 111

i

ORG=0G+XMEAN{ 4}

GO TO 502

XMEAN{4)=0.0

03 50% I=1,.5

SUMIT)I=0.0

SUMM = 0,0

PO 51U I=14NR

[F {KSMP(I) .EQ. 0} X{4,1)=X(4,1}~XMEAN(4)
IF (WTII) EQ. O0.) GO TD 510

IF{INST .NE. 9} GO TO 509
XWTS=WTLI)*(X(4,[)} %52}

IF(KSMPITI) +EQe O) XWTS=WT(L)*{(X{4,[)=AVRPS)I®%2)
SUMM = SUMM + XWTS

X T=X{4, [)¥WTI(I}

SUM{LI=SUM{ 1) +XWT

SUMUZ)=SUM{2)+ABS{XWT)

73

TERMINATE ITERATION [F HYPOCENTER ADJUSTMENT < TEST{4)}

v
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HYPU1331

HYPIL333
HYPO1L334
HYPOL335
HYPi31336
HYPOL337
HYP31338
HYPO1339
HYPOL34C
HYPUL341L
HYPOL342
AYPOU1343
HYP31344
HYPO1 345
HYPOL1346
HYP 347
HYPOL342
HYP(O1L1 349
HYPUL35C
HYP(}1351
HYPOL1 352
AYPG1l353
HYP(11354
HYPUL355
HYPQL3S6
HYPO1357
HYP(L1l358
HYPOL1359
HYPO1360
HYPOL361
HYPO1362
HYP1363
HYPO1364
HYPO1365
HYPD1364
HYPO1367
HYP1362
HYPOL 3693
HYPO1372
HYPOL 471
HYPUL4TZ
HYPIL373
HYPUL3IT4
HYPOL375
HYPO1376
HYPLLATT
HYPL1378
HYPUL3ITY
HYPO13380
HYPOl381



510

—————— COMPUTE ERROR ESTIMATES BY SULVING FULL NORMAL EQUATION =—--—

521

------- COMPUTE SUMMARY OF TRAVEL TIME RESIDUALS ===m=—mem-——m—e————

525

550

SUM{3)=SUM([3)+X (44 1) xxXuT

SUM{S ) =SUM(S )+ XWT{ 1 -KSMPLI )
CONTINUE

RMESV = SUMM/FNO

AVR=S5UM(1}/FNO

AVRPS = 0.0

IF{FNO .GT. FMO) AVRPS=SUM(S5}/ONF
AAR=SUM(2}/END

RMSSQ=SUM(3)/FNO

KF=2

KP=1

KZ=0

CALL SWMREG

DO 521 I =1,3

¥Y{I)=0.0

IF{INST.EQa.Ll) KZ = 1

CALL QurpuT

IF (KMS LEQ. 1) CALL MISING
IF ({KNST.GE.5) .0OR. (KFM.GE.1l)} CALL FMPLQT
GNOULJAV) =QNO(JAVI+1,

IF (JAV .GT. [Q) GO TO 523

DO 522 I=14NRP

IF ((WT{!).EQ.D.} «OR. (KSMP{I).EQ.l})} GO 7O 522
JI=KDX(1)

NRESIKNO+JI)=NRES(KNO,JI)+1
SRIKNO+JIIT=SRIKND+JI)#X{4y 1) 2WT(])}

SRSQIKND s JIV=SREQIKNOsJI)#X {41} mE20WT ([}
SRATIKND s JII=SRWT{KNDJI I +WT (L}

CONTINUE

IF (KTEST «NE. 1) GO TG 550

--= COMPUTE RMS AT AUXILIARY POINTS —ww——wwm—me—me——— —————————

RMSSY = SQORT{RMSSQ}

IFCINST.EQ.9) RMSSV = SQRT{RMYSV)
ERLMT =
LATSY
LONSYV
sv
AVL LATEP/60.

ML = AVL + 1.5

M2 = AVL=210., + 1.5

DELAT = TEST(13)/CBIML)

DELON = TESTUL3}/(CA{ML)YSCOSLIMZ))

DEZ = TESTI{13}

WRITE {64+525) -

FORMAT (/¢ LAT LON Z AVRPS IMS

LATEP
LONEP

~Noa

11 DRMS' /)
NA=1
GO TO 111

TIMEL=TIME2
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HYPOL1387
HYPOL383
HYPUL384
HYPO1385
HYPI1336
HYPOL337
HYPD13R83
HYPU1389
HYPQ13920
HYP(L 391
HYPOL1392
HYPU1333
HYPO1394
HYPO1395
HYP(I1396
HYPOLl397
HYPOLl&98
HYPOL1399
HYPD14G0
HYPO140G1L
HYPO1402
HYP314G3
HYPOL404
HYPO1405
HYP(114064
HYPO140T
HYPU1408
HYPOL1409
HYPUL4LT
HYPG14l1l
HYPO1412
HYPO1413
HYPOl41l4
HYPOLl415
HYPOLl4l6
HYPO1417
HYPUl413
HYPO141+9
HYP31420
HYPO1l421
HYPO1422
HYPU1423
HYPO 1424
HYPQ14625 7
HYPOL426
HYPOL427
HYP1l428
HYPN1429-
HYP{1430
HYPOl431
HYPOLl432



575

601
600

610

CONTINUE

IF(IPROLNELISTTTY RETURN

NR=NRP

NRPLaNR +]
READLS,5600)
1 AZRES(NRPL)}

CHECK FOR MULTIPLE SULUTIONS OF THE SAME EARTHOQUAKL

o ——— . o ot

CHECK s IPROJKNST o INST o 2ZRES»LATL,LAT2,L0ON1,LON2Z,

WRITE{&6+601) CHECK,[PRO,KNST,INST,ZRESLAT1,LAT2,LON1,LUN2
FORMATU/72A4,49X9211sF 5.2 X92{[%4yFb42)yV==w RUN AGAIN ===7')
FORMAT{2A499X 3211 4F5.2)1Xs21149F0.2),T21,44)

LATRT=60.%LATLI+LAT2
LONRT=60.*%LON1+L0N2

[IF(CHECK.EQ.BLANK} GO TO 30
WRITE(64610}) CHELK

FORMAT(/* ERROR "j,A4s!' SKIPPED.
RETURN

END

75

INST. CARO DID NOT FOLLOW #%%1)

HYP 1433
HYPI14 34
HYPUL43%
HYPOl434
HYPUL43T
HYPUL438
HYPO L4349
HYP{1440
HYPOl44l
HYPG1442
HYP(Ol443
HYPOl444
HYP(l445
HYPOl446
HYPGLl 44T
HYPU14482
HYPD L1449



28

29

SUBROUTINE SORT(X,KEY,NO)
DIMENSION X{INQ),KEYIND)

DG 1 I[=1,NO
KEY{Il)=al

MO=NO

IF (MO-15) 21.,21,23
IF {MD-1) 29,29,22
MO=2¢{M0/4)+]1

GO TD 24
MO=2%{MO/8)+]
KO=NO~-MD

Jo=1

I=40

IF (X{I)-X{I+MO)) 28,28,27
TEMP=X(I)
X{I)=X{]+M0Q)
X{1+MD)=TEMP
KEMP=aKEY (1) i
KEYL1)=KEY({I+M0O)
KEY{I1+MD)=KEMP
I[=1-MO

IF (I-1) 28,206,206
JO=J0O+1

IF {JO~-KO} 25,25,2
RETURN

END
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HYPD1450
HYPD1451
--HYPN1452
HYPOL453
HYPOL1l454
HYPO1455
HYPQOl456
HYPOL1457
HYPOl458
HYPQ1l459
HYPO1460
HYPOl461
HYPO1462
HYPOl463
HYPOLl464
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HYPOl466
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SUBROUTINE SuMOuT
GUTPUT SUMMARY QOF TIME AND MAGNITUDE RESINDUALS =====momom—eeaaa
REAL LAT+LONsLATZ2,L0ON2
COMMON AL/ NSTACLS1)OLY(24150)FMGCT151)4XMGT(151),KLASTLSL),
PRRILISL) CALR{LSL ) ICALUISL o ISTL5L) 4NDATEILSL) o dHRMN{LIS])
/AZ2/ LAT{151),LON{LS1),DELTA(LOL},DX{L101)DY{10L),T(101)
FA3/ NRES{2s151)4NXM(151),NFM{151),4SR{2,1511,5R5GQ{2,151),
SRWT(24151)9SXMI151),SXMSQL151)+SFM{151),SFMSQ{15L),Q0U(4)
/AS7 ZTR4XNEAR,XFARyPUSIQyKMS,KFM, IPUN, IMAG, IR, QSPA(9,40)
FAG6/ NMAX,LMAX ¢ NSoNL/MMAX G NRyFNOsZ o X14:101) 250, 0RP,DFI101}
JALE6/ KLSS(151),CALS(LS1),MDATE(L5L) ,MHRMN(L5L}, IPRN,I5HW
COMMON /A19/ KNOSIELVILSL)+TEST{15).FLT(2+151)sMNCI151),IW(151)
COMMON /A22/ F{21,21)4+G(4+21),H{21),DEPTH(2L), IONE
DIMENSION AVRES{4,151)+5DRES{4,15L)
QSUM=QNO{ 1)} +QNO{2}+QNG(3)+QND(4)
IF {QSUM LEQ. 0.) GO TO 72
WRITE(6+5) (QNOUI)+I=1,4),Q5UM
5 FORMATI1HL,' #*&xx CLASS:
IQIII?X.'NUHBE&;‘&' gSFbc 1)
DO 10 I=l,4
10 OND{I}=100.%QNJ{1)/QSUM
WRITELG6,15)(QNCITI),I=144)
15 FORMAT{/+12Xy"3:"24F6.1)
WRITE(6,20)
20 FORMAT(///s10X+ " TRAVELTIME RESIDUALS

e e

COMMON
COMMON
1
COMMON
COMMON
COMMON

T o T — i i ST T Tl T s T T T A S T ] i A28 St i S S o i ] ! el e IR i S o . A

C-—-

A c D TOTAL #%¥k%!

(MODEL=1})",5X

14* TRAVELTIME RESIDUALS (MODEL=2)",5Xs *X-MAGNITUDE RESIDUALS®
296Xy *F-MAGNITUDE RESIDUALS'+/+' STATION NRES SRWT AVRES S
3DRKES NRES SRWT AVRES SDRES NXM AVXM SDXM
4 NFM AVFM SOFMY)

DO 70 I=1,4NS

DO 30 J=1l.4

AVRESUJ,1)=0.

30 SDRES({JsE)=0.
IF {NRES({1,1) .EQ. 0O) G TO 35

AVRES{1,1)1=SR{1,1)/SRWTI(1,1)
SDRES{1sI)=SQRTISRSUIlLsI)})/SRHUTI{1,I)~AVRES(L,1)%%2+D,000001)
IF {NRES(Z24I) «EQ. G) GO TO 49

AVRESLZ+11=SR(2+,1)/5RWT{241)

SDRES[2y1)=SQRTISREQU 2T} /SRET{2,I)—-AVRES{2,1)#*2+0.060001)

[F (NXM(I) JEG. Q) GO TO 50

AVREST3,[)=SXMIT)/NXM{])

SORES{3,I)=SQRTISXMSQITI) /NXMII)-AVRES{3,1)**2+0,000001)

IF (NFMII) .EG. O} GO TO 60

AVRES[4,I)=SFM{II/NFM({I}

SDRES(44 [)=SQRTISFMSQIIY/NFMII)-AVRES(4,[)*%2+0,000001)

60 WRITE(6+65) NSTALLI)+NRES{L 1} 2SRWT{L,I}+AVRESIL+I)4SORESIL,I)
LeNRESI24I) +SRWT(231)sAVRES(2+1)Y3SORESTIZ2, 1) MXMITI)AVRES(3,1)
24SDRES[341)4yNFMII) JAVRES 4,11 350RES{4,451)

65 FORMATI4XsAG12Xe 1543FB.2+0X9{593F8.2+2(6X,41[5,2F8.211}

70 CONTINUE

35

40

50

77

HYPOL4T77
HYPOL4T78
HYPOL479
HYPOLl430C
HYPOL481
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HYPO1485
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HYP(1436
HYPO1497
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HYPO1499
HYPOL150C
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HYPO1502
HYPO1503
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HYPO150%
HYPOL506
HYPOLSO7
HYPD1508
HYPO15072
HYPO1S51LC
HYPOLSLL
HYPD1512
HYPDL1513
HYPI1514
HYPO1515
HYPO1516
HYPOL1517
HYPDL1S18
HYPOL1519
HYPOL52C.
HYP{1521
HYP1522
HYPO1523
HYPO1524
HYPDL1525
HYPO1526
HYPOL1527



72 IF {IPUN .NE. 3) GO TO 200

HYPO152¢8

------- PUNCH STATION LIST WITH REVISED DELAYS AND XMGL ==~e—m—wa—u—an—— HYPJ] 529
If (ISW .EQ. [ONE} GO TO 80 HYPUL33G
WRITE(&,75) HYPO1531

75 FORMAT(1HLs* *%*xx NEW STATION LIST *kkkx? HYPJ1532

Le/7/ 44Xy 1 STN  LAT N LONG W FLV DCLAY?,S5X,'FMGL XMGC KLHYPG1533

2 PRR CALR [IC IS DATE HRMAW') HYPULYS 34
GO TO0 90 HYPOL1535

80 WRITEL6,85) HYPO15 36
85 FORMAT{1lH1,"' #%##x NEW STATION LIST #%%ax? HYPOL1537
Lo/ /744X, 1 STN LAT N LONG W ELV M DLY1 DLY?" HYPO1538
29" XMGLC FMGC K CALR IC DATE HRMN'} HYPEI1539
90 DO 120 I=1,NS HYPULS40
DLY{1,1)=DLY{1,I1)+AVRES({L,1) HYPOL1541
DLY{2I)=DLY(2,I1+AVRES{2,1) HYPO1542
XMGC{T)=XMGC(I)+AaVRESL3, I} HYPO1543
FMGC(I)1=FMGC(I)+AVRES{4, 1) HYPO154¢4
LAT1=LAT{I}/60. HYPO1545
LATZ2=LAT{I)-60.%LAT1 HYPOL546
LONL=LON([)}/60. HYPUL547
LON2=LONIT}-60.*L0ONI1 HYPO1548

IF (ISW .EQ. IONE} GO TJ 115 HYPO1549
WRITE{64205) [ NSTA(I},LATL+LAT2,LONL,LONZ2+IELVITI),OLY(L,1} HYPOL1550

LeFMGCOTI) o XMGC LI} oKLSS{I) +PRACIYZCALS(L) 4 ICALUTL) yNOATELT Y 4NHRMNLL) HYPO155]

105 FORMAT{IS+2X A4+ 12 sF5e24 X3 I3sF5.2415,F0.248X3F5.242X4F5,.2,12 HYPDI1552
lelXsF4u2+1X9F6.241245X,16,:14)} HYPO1%513
WRITE(T,11G) NSTA(I)+LATL+LATZ,LONL+LONZyITELVII) DLY (141} HYPU1554
1y FMGTII) o XMGL{ L) 4KESSUE) yPRRUT)Y JCALS(T )y ICALY{T )} yNDATE(]) 4NHRMNIT) HYPU1555
110 FORMATI 22X 4 A4, [2+F5.29 11X s [39F5.24154F6.24T38,F5.2,:T45,4F5.2 HYPIIL556
1o 120X FaaZ2elXeFb.2+02,TTL,16,14) HYPULS57
. GO TO 120 HYPO1558
115 WRITE{Gs L1G) I 4NSTAUT ) sLATLLATZ2,LONLLONZHISLVILIY«MNOUL)DLY{LlsI) HYPOL559
ToDLY U241 ) s XMGLLE) o FMGCLI J+KLSSTL)CALSII)+ICALTI) HYPUL1560
2yNDATE(T )y NHRMN( T} HYPQ1551
116 FORMATIIS 42X vA%y 134" =" 41 F5.241441=",F5.2,105416,2F6.2 HYPOL1562
192F6.2412:F6.2412+2X216:1[4) HYPOL156&3
WRITE[T+117) NSTA{T) LATL,LAT2,LONL,LONZZIELVII)MNUOLE}DLY{1,[) HYPQLSa4
LeDLYL1243 1) o+ XMGCUI) oFMGC T} oKLSSIT),CALSII) 2 ICALCT) HYP[I1345
2y NDATE(T) yNHRMNL{ T} HYPO1566
117 FORMAT{ A4+ 13y =" 3FS5.23 10y~ "3F5.2+15:[642Fb6.2- HYPOLlS567
122F6.24123F6.2212:2X216414) HYPO15638
120 CONTINUE HYPJL567

RETURN HYPOLSTO
------- PUNCH STATION LIST WITH REVISED CALIBRATIONS ~—=—=—=>=—==e———a——=HYPJ157] -
200 IF {(IPUN .NE. 4} RETURN HYPOLS572

IF {ISW -EQ. IONE} GO TO 205 HYPOLIS5T73
WRITE{6,75) HYPJ1574
GO TO 206 HYPOLISTS
205 WRITZ(6,85) HYPULSTE
206 DD 22C I=14NS HYPOL577
LATI=LAT(I}/60. HYPOLS573
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LAT2=LAT(1)-60.%LAT! HYPLLS5TY

LONLI=LON(T)}/60. HYPOLSE.,
LONZ=LON{1)=50.%LONL HYPULSB1L

IF {ISW .EQ. IDNE) 50 TO 210 HYPO15482
WRITE(6,105) I ,NSTA{I} LATL LAT2,LONLsLONZ,IFLYII)DLY (1,1} HYPOLS5H 4
LeFMGC T} o XMGC I L) oKLASCI)yPRRITDI pCALR(IYyICALIT) o MDATE (L) ,MHRMN( ) HYPUL1524
WRITE{T7,110) WSTA{I)+LATL+LAT2,LONLLON2,IELVIII DLY(1,1) HYPO1585
LoFMGCUT) o XMGC UL ) yKLASTI) »PRRUIIZCALR(IDI 2 ICAL(T)Y 4MOATECT) oMHRMNTLY HYPUL586

GO fOo 220 HYPQ1587

210 WAUITE{G2 LA I NSTACLI) JLATLLAT2 LONL,LONZ IELVIT) oMNO(T)4OLY(1,() HYPOL532
14DLY(291) o XMGC{I)FMGCIT)KLASTII)CALRII}ICALLT) HYPULSBYS
2+MDATE(L )y MHRMN{ ) HYPOL1590
WRITE{7,117) NSTALI) LATLlsLATZ2,LONL LUN24IELVILY MNUITI,OLY{Ly]) HYPUISYIL
14DLY (2, 1) XMGC (L) yFMGC (T o KLASTI Y sCALR(I),ICALLI) HYPU1592
2MOATE(TL )}y MHRMN( L) HYPOL593
220 CONTINUE ' HYPOL1594
RETURN HYPO1595

END _ HYPOL1596
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SUBROUTINE SWMREG

HYPO1597

-== COMPUTE GEIGER ADJUSTMENTS BY STEP-WISE MULTIPLE REGRESSION OF HYPULl59R

TRAVEL TIME RESIDUALS -mer--——a—=w
REAL*8 ENT,ELM,FMT

HYPO1599
HYPO L1600

COMMON /AS/7 NMAX LMAX g NSoNL MMAX ¢NRFNOoZ s X(%2101),ZS0,NRP,DF{101)HYPOLl6O1
COMMON ZA7/ KPeKZKOUT,WIL01l)eY(4),BSE14),XMEANIS),CP{180),5P(1BOIHYPOLS02

COMMON /Al6/ KLSS(LS51),CALS{L151) +MDATE(LSL) yMHRMNCLSL), IPRN, [SW
COMMON /7AL9/ KNO,IELVIL1SL)»TESTL1IS).FLT(2,151) MNOCLS1),IW(151)
COMMON fA21/ KSMP(151)4FMO.ONFB(4) 4 1PHKFAVRPS,,JEXIT

COMMON 7A24/7 FLTEP,IPRO,ISTTT,ISKP(4),AHEADI12),FLIM,AF(3),NDEC
DIMENSION XSUM{4),SIGMALA) yIDX{4) o VI3)4PF{3)4A(TyT)sTIT,T)sS(4,44)
DATA LoM MM, M1/3,4+7,5/,ENTELM/YENTERING® ' LEAVING."/

A A i v " — - ——

KFLAG=0

SVTEST = TEST{3)
ONF=0.0

FLIM = TEST(3)
00 2 1I=1+3
AF{I)1=-1.00
CONTINUE

DO 5 I=1,NR
ONF=0ONF + W{I}*(1-KSMP(1})
CONTINUE

DO 10 I=1+MM

0O 10 J=1,MM
A(l,4)=0.

COMPUTE MEANS,STANDARD DEVIATIONS, AND CORRECTED SUMS (OF SQUARE

DO 40 I=1.M

XSUM{I)=0.

XMEANLI)=0.

DO 40 J=1,M

5(1+Jd)=0.

00 S0 K=1,NR

D0 50 I=1l,M

TEMP=X(T1 K)I*W(K)}
ETMP=TEMP#{1-KSMP{K})
XSUM{I)I=XSUM{I)I+ETMP

00 S0 J=I,M
S{TsJ)=SILIyJI+TEMPEX[J,4K)

DO 70 I=1,M

IF (ONF .EQ. 0.) GO TO 65
AXMEAN{I}=XSUM(I)/ONF

DD 60 J=1.M
S{IoJ1=S({IsJd)=XSUMITI)=XSUM(J])/ONF
All,I)=1.

IF (S{I.I} .LT. Q.000001) 51({1,1)=0.000001
SIGMAL I =SQRTI(S{I,I})

CONTINUE

COMPUTE AND AUGMENT CORRELATION MATRIX A
0O 80 [=1,L

Il=1+]
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HYPU1603
HYPO1604
HYPO1605
HYPQ1606
HYPOL607
HYPOl608
HYPO1609
HYPO1610
HYPOl61l
HYPOLl612
HYPO1613
HYPOl614
HYPDLl&1S
HYPO1616
HYPOL6LT
HYPO1618
HYPDL& LS
HYPO1620C
HYPO1621
HYPOl622
HYPOl623
HYPJ1&6&24
HYPO1625
HYPOL1626
HYPO1627
HYPO1628
HYPOLl629
HYPOL1630
HYPOl631
HYPOl632
HYPOL1633
HYPO1634
HYPO1635
HYPOLl636
HYPOL163T
HYPO1638
HYPO1639

HYPOL640 -

HYPO 1641
HYPOLlb42
HYPOLl643
HYPDLl644
HYPO1 5645
HYPO1&646
HYPOl64T



140

45 FORMATI(///

DD A0 J=11,M
AlT+J)=S{I,J)/7(SIGMA{L)I*SIGMALY))
BO AtJd,1)=A1{1,4)
PHI=FNO-1.

DO 120 I=M1,MM
AII“”,I’“I-
120 A(Y,]-M}=~1.
130 DD 140 1=1.M

8{I1=0.
YiIl=0.
BSE(I)=0.
I0X(1¥=0
IF (IPRN

-LT.

WRITE(6,45)

3} GO TO 150

TEFRER DATA RUENEY 774X, 'K, BX, W

LalaX,'X1Ps164X,"X2',14Xs"X3%, 14X, X4",7)
B3 47 K=1.NR

WRITE(6,06)

46 FORMAT{I15,8E16.8)

47

15

17

85

30

-

1
2
3

CONTINUE

WRITELG6,75)

FORMATI(/,

WRITE(6,76)
76 FORMAT(/,®

WRITE(6,77)

FORMATU/ 7/
|“
TB.WRITE{6,493)

DO 78 I=1

WRITE(6,85)

FORMAT{/// 4

DO 90 I=1

WRITE(6,95)

'“

FORMAT(7E18.8)

STEPWISE MULTIPLE REGRESSION
NR,LsTEST{3)
Vadskaxkxrk STEPWISE MULTIPLE REGRESSION ANALYSIS!

WRITE{6,+125)
125 FORMATL(///,

oV EEEEREREREL S/

L)
*

/!
/e?

150 DO 300 NSTEP=i,L

NU=0
MU=0
IF (TPRN

«LT. 3)

(XMEAN(I)sI=14sM)
MEANY, 16X +8E16.8)
(SIGMA{I)eI=1+M)
SIGMA',15X,TE16.8}

{S(I:J)4d=1,M)

(AT 4d)ed=1,M)

NUMBER OF
NUMBER OF

CRITIC&L F*VALUE--.a.n---QO..--.n-',Fﬁ.Z)

GO TO 1535

WRITE{654154) NSTEP,KZ,KF

FORMAT(//,"
FIND VARIABLE 7O

VMAX=0.
MAX=NSTEP

RO 160 I=L,L

IFTISKPUT).EQ.1)
IF (IDX(TI)

«FQs 11}

sxeesx STEP NO. 'y 12,
ENTER REGRESSION

GO TOQ l&0

50 TO lé0

KeWiK}s (X[ToK)sI=1,M)

suxdd (OQRRECTED SUMS OF SQUARES MATRIX #%&x%!,/)

xRk CORRELATIUN MATRIX R #&xxk?, /)

DAT&..--..-:.-..--.no.q..'15

INUDEPENDENT VARIABLES...?*,15
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HYPD1l&48
HYRD1649
HYPD1650
HYPDL1651
HYPO1&52
HYPOl653
HYPOLE654
HYPD1655
HYPOLES6
HYPO165T7
HYPO1658
HYPO1659
HYPO16460
HYPOl661
HYPO1662
HYPO1643
HYPOlb64
HYPO1665
HYPD1666
HYPOLl667T
HYPO1668
HYPOLl4&69
HYPOL6TO
HYPOl671
HYPQOLl6T72
HYPO1673
HYPOl6T4
HYPO1675
HYPO1676
HYPGLLTT
HYPOL15678
HYPO1679
HYPO1680
HYPO146481
HYPO1682
HYPO1683
HYPO1l684
HYPO 1685
HYPQ1686
HYPO1687
HYPO1688
HYPO1l689
HYPO1 690
HYPO1591

HEXEEY SN, TKT v, 12,5X,'KF =7,]2)HYPOL6I2

HYPO1693
HYPO169%
HYPO16&695
HYPO1696
HYPOL637
HYPO1l69B



160

163

165
166

175
180

190

13%

[P

220

IF ({T.EQe3).AND.{KZ2.EQ.L)) GO TD 160
VIIISA{LMI®A(M,I)/ALI, 1}

IF tVviI} .LE. VMAX) GO TO 1&0

VMAX=V(I)

MAX=1

CONTINUE

F=0.0

IF{VYMAX.EQ.0.0} GO TD 163
F=(PHI-1.)}*VMAX/{A(M,M])~-VMAX])

IF{F .GE. 1000.) F=999.99

AF(MAX)=F

IF{XKF .GE. 2) GO TD 145

IF (F +LT. TEST{3)} GU TO 400

IF ((MAX.EQ.3).AND.{KZ.EQ.1)) GO TO 300
NU=MAX

IDX{NU)}=1

PHI=PHI-1.

COMPUTE MATRIX T FOR THE ENTRANCE DOF VARIABLE X(NU)
DO 170 J=1.MM

TINUsJI=ATNULJY 7AINU,NU)

LU 180 I=1.MM

IF {I .EQ. NU) GO TO 180

DO 175 J=1,MM

TILeJ)=ALId)-ATT NUISAINU,J)/ZAINUNUD
CONTINUE .

D0 190 I=1,MM

D3 190 J=1,MM

AMIsd)=TiI,d)

DO 200 I=1,L

IF (1DOXt(I) .EQ. O} GO TGO 200

IF (ABS{A{M,M)*¥A{I+M,T+M]}) .LT. .000001 } GO TO 195
PRIT)=PHI*A(I M)*%2/ (A(M,M)*A{TI+M, [+M)}
[F{PF{I) .GE. 1000.0} PF{1)=999.99
AFTLI)Y = PF{I)

GO TO 200

PFII)} = 999.99

CONTINUE

IF {(IPRN LT« 3) GO TO 210

CALL ANSWER{AsSsXMEAN,SIGMA, IDXPHI,LyMyMM,PF,NU,ENT)

IF (KF .EQ. 2} GO TO 300

IF{KF .GE. 3) GO TQ 450

FIND VARTIABLE TO LEAVE REGRESSION
00 250 K=1l,L

IF (IDXI{K} +EQ. 0) GO YO 250

IF {PF{K} .GE. TEST(3)1} GO TO 250
MU=K

F=PF{MU)

IDX{MU)=0

PHI=PHI+1.

00 220 J=1l.+MM
TiMUJ)=ATMUJ) /AMU+M MUEH)
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HYPO1699
HYPOL1700
HYPOL1701
MYPO1702
HYPO1703
HYPO1704
HYPO1705
HYPOL706
HYPQL1707
HYPG1708
HYPQLTO9
HYPOL1710
HYPO1T711
MYPO1T12
HYPO1713
HYPO1714
HYPOL1T715
HYPO1716
HYPOLTLY
HYPO1T718
HYPO1717
HYPOL1720
HYPOLT21
HYPO1T22
HYPO1723
HYPOL724
HYPQ1725
HYPO1726
HYPO1727
HYPD1728
HYPO1729
HYPD1730
HYPOL1T731
HYPOL732
HYPO1733
HYPO1734
HYPO1735
HYPO1736
HYPOL1737
HYPO1T738
HYPQO1739
HYPOLT40
HYPD1741
HYPOLT42
HYPOLT743
HYPO1T44
HYPQL1745
HYPDO1746
HYPO1747
HYPO1748
HYPG1749



225
230

240

LO 230 I=
IF (1 <EQ
D0 225 J=
IF (J .EQ

TUT2d)=A1T2J)~A(T ,MU+M) AT MU+M, T /AL MUSM, MU+M)

CONTINUE
CONTINUE
DO 240 I=
IF (I .EQ

CONTINUE
R0 245 I=
DO 245 J=

1,MM

« MU} GO YO 230

1yMM

- MJ) GD TO 225

1.MM

- MU) GO TO 240
TUIoMUISALL MU =AT T MUSM}ZA(MUM s MU M)

1,MM
1o MM

245 AlL+d)=Tl1+Jd)
+LT. 3) GO TO 250

250
300

Le=mm=—

400

IF (IPRN

CALL ANSWER(Ay Sy XMEAN,SIGMA, TDX PRI L MsMM,PF,MU,ELM}

CONTINUE
CONTINUE

CHECK TERMINATION CONDITION

KouT=0
D0 410 I=

1L

410 RQUT=KOUT+IDX{1}
Bl4)=XMEAN(M)
«NE. 0) GO TD 450
« 1) GO TO 420

IF (KQuT
IF{XKF .NE
KF = 3

GO TO 150

420 TESTI(3)}= TEST(3)/TEST{&}

450

480

500

FLIM=TEST
KF=1
KFLAG = 0
IFITESTLG
KFLAG = 1
KF = 4

GO TO 150

CUMPUTE REGRESSION CONSTANT,COEFFICYENTS,AND STANDARD ERRORS

YSE=77.7

1IF {PHI .
Do 500 I=
IF t10xX(I

BOIN=A(L4M)XSQRT{SIMsMI/SI{IHI))

(3)

} «GTa. 1o} GO TO 150

GE. 1) YSE=SIGMA(M)*SQRT(ABS(A(M,M)/PHI))

lsL
} JEQ. Q)

G0 TO 500

BSE{I)=YSE*SQRT(ABS{A{I+M, [+M}/5(1,11))
« 3) Yil)=B(1}
«EQ. 0) GO TO 48O

[FIXF .NE
[FIKFLAG
IFUABS(B{
IF(PHI .L

CONTINUE
IFI{KF .NE

RETURN

I)) .LE.

TEST{&6)*BSE{(I)})

Te lo} BSELY) = 0.
Bl4)=B{4)-Y{I)®XMEANIT)

« 3} Y(4)=B14&)
TEST{31=SVTEST

¥Y{l}=0.
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HYPOLT750
HYPO1751
HYPO1752
HYPO1753
HYPULT54
HYPO1755
HYPOLTS56
HYPG1757
HYPO1758
HYPO1759
HYPO1760
HYPOL1761
HYPOL762
HYP(O1763
HYPO1764
HYPD1765
HYPOL 766
HYPOLT67
HYPO1768
HYPOL769
HYPOLTTO
HYPOLTT1
HYPOLT72
HYPOLT73
HYPOL1T774
HYPOL775
HYPOLT76
HYPOLTT7?
HYPO1778
HYPO1779
HYPO1780
HYPO1781
HYPO1782
HYPO1783
HYPOLl784
HYPO1785
HYP31785
HYPO1787
HYPOLl788
HYPO1789
HYPO1790
HYPOLT91
HYPOL1792
HYPO1793
HYPQL 794
HYPOL795
HYPOL796
HYPO1797
HYPQL1798
HYPO1799
HYPOLl800



END HYPO1801
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SUBROUTINE TRVDRY
Cmmmmmmm COMPUTE TRAVEL TIME AND DERIVATIVES FROM CRUSTAL MODEL —==m—=m-

REAL*8 TIMEL,TIME2

REAL LAT,LON

COMMON /A2/ LAT{151),LON(L51),DELTA{L0L),0X(101),DY(101),T(101}

COMMON /A6/ NMAX,LMAX sNSsNLyMMAX yNRyFNOsZ s X {4 101),ZSReNRP,OF (101}

COMMON /A8/ CAL(101),XMAG{LOL) FMAGIL1OL ) sNMyAVXM,SDXM4NFyAVFM,

1 SDFMyMAG+KDX(101) s AMX (101} s PRX{LOL) sCALX{LOL),FMP{101)

COMMON /A10/ ANIN(101),AZ(101),TEMP(101),CA(T1),CR {71}

COMMON /A16/ KLSS{151),CALS{LS1)4MOATECLS1} MHRMNL151) o IPRN,ISW

COMMON /AL7/ TIMEL,TIME2,LATR,LONRyKTEST,KAZyKSORT ,KSEL,XFN

COMMON /A19/ KNO,IELV(151),TESTULS),FLTL2,151),MNO(L1SL) ,Iwl1l51)

COMMON /A207 V(21),0(21),VSQ(21},THK{21),TID(21,21),010(21,21)

COMMON /A22/ F{21421),Gl4+21),H{21),0EPTH{21)},]10NE

COMMON /A24/ FLTEP

DIMENSION TINJ(21),DI0J{21),TR{21}

IF {ISW .EQ. IONE} GG TO S
C~———=INITIALIZATION FOR FIXED LAYER MODEL -——=——vrme—ccemmmm e e
DO 1 L=1,NL
I (D(L} .GT. 2) GO TO 2
1 CONTINUE
JL=NL
GO 10 3
2 JJ=t
JL=t-1
3 TKJ=I-D(JL)
TKJISQ=TKJ**2+0.000001
IF (JL +EQ. NL) GD TOQ 5
D0 & L=JJ,NL
SQT=SQRT{VSQIL}~-V5Q(JL]))
TINJILI=TID{JLL)-TRJ*3QT/IVILI*VIJLY)
4 DIOJIL)}=DIDUJLL)-TKI®VJL}/SQT
XOVMAX=V{JJ) &V JL)*{TINJ{JJ)-TIOWIL L )7V I =VIJLY )
5 DO 300 I=1+NR

1F (ISW .NE. IONE) GO TO 45
Cem—m INITIALIZATION FOR VARIABLE LAYER MODEL ——=——=—=—=m-—-moommmmme e
JI=KDX (1)

DEPTH(Z2Y=FLT{KNU,JI1}
IF (2 «LT. FLTEP} DEPTH{Z2}=0.5%{FLTI(KNO,J1I+FLTEP)
THK{1)=DEPTHI(2)
THK(2)=D{3)-DEPTH(2)}
DH1=THK{1)-H(1)
DH2=THK{2])-H(2)
DO 10 L=1.NL
IF (DEPTH(L} .GT. Z) GO TO 20
10 CONTINUE
JL=NL
G TO 390
20 J4=L
JL=L-1
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HYP( L1802
HYPO1803
HYPO1804
HYPO1805
HYP{U1806
HYPOQ1807
HYPOLB(CS8
HYP3180%
HYPOLB1O
HYPG1lB11
HYP(Q L1812
HYPD1813
HYPUL814
HYPO1815
HYPO1816
HYPOQLIBLT
HYPO1818
HYPUL18L9
HYPDL1B20
HYPULl8Z21
HYPQO1822
HYPL1823
HYP(31824
HYPOLl82%
HYPOL1826
HYPQ1827
HYPD1828
HYPQ1829
HYPO1830
HyP1831
HYP(O1832
HYPOL1833
HYPO1834
HYPG1835
HYPO1836
HYPO1837
HYP(O1838
HYPD1839
HYPQ1840
HYPJl841
HYP(1842
HYPU1843
HYP(1844
HYPOL1845
HYPUL846
HYPO1847 .
HYPC1B48
HYPOLl849
HYPU1850
HYPOL18S51
HYPO1852



40

45
50
60

TKJI=Z-DEPTHIJL)

HYP(1853

TKJISO=TKJ**2+0,000001 HYP{1854
IF (JL «EQ. NL) GO TO 1l0¢C HYP(G1855
CALCULATION FQR REFRACTED WAVES : - - - HYPUL1856
DO 40 L=JJ.NL HYPLLBST
SQT=SQRTIVSQIL)-VSQ(JL)) . : HypOl1858
TIX=F{1leJLI®DHL*GI1+LI+F{2,JL)*0R2#G(2,L)+TID(JL L) HYPUL1B59
DIX=F{LlyJL}*OHL*GI3LI*+F(24JL)*DH2#GL4&,L)+DIDIJL,L]} HYPO1860
TINJ(L)=TIX=-TKJI*SQT/IV(L)*VIJL)) HYP1B61
DICJ{L)=DIX-TKJEV{JL}/SQT HYPO 1862
TIX=F{1lyJL)*DHL*GI Ly JLI+F (2, JL)*DH2*G(2,JL)+TTOLJL JL) HYPO1863
XOVMAX=V{JJ)*VIJLI®(TINJUJQ)=TIX} /7 EVIIS)=VIJL)Y) HYPU1864
GG 7O 50 HYPOL1865
IF (JL .EQ. NL) GO TO 100 HYPO1866
DD 60 M=JJsNL HYPO1867
TRIMI=TINJ{M)+DELTA(TI}/VIM) HYPO1868
TMIN=999.99 HYPUL1BED
DO 70 M=JJyNL HYPO187G
IF (TR{M) .GT. TMIN} GO TO 70 HYPD1871
IF {DIDJ(M) .GT. DELTA{I)) GO TO 70 HYRO1872
K=M HYPO1373
TMIN=TR{ M} HYPN1874
CONTINUE HYPOL875
IF (DELTA(I}) .LT. XOV¥MAX) GO TO S0 HYPU1876
TRAVEL TIME % DERIVATIVES FOR REFRACYED wAVE HYPCL1aT7
T{I}=TRLK) HYPQL878
oTOD=1.0/ViXK) HYPO1879
OTOH==S5QRTIVSQIK)=VIQ{JL)) ZIVIK}=V{JL)) HYPCO1880
ANIN(I)==V{JL)/VIK) Hypol8gl
GO0 TO 260 HYPD18B2
CALCULATION FOR DIRECT WAVE - - - - =-=—-HYPOLB8B3
[F (JL .NE. 1) GO TO 100 HYPO1884
SQT=SQRT(ZSQ+DELTA{ 1) *%x2) HYP1385
TDJ1=5QT/Vv{l) HYPOL 886
IF {TDJ1l LGE. TMIN) GO TO B8O HYPOL1887
TRAVEL TIME & DERIVATIVES FOR DIRECT WAVE [N FIRST LAYER HYPULlBg88
TI1)1=TDJ1 HYPO1289
DTODR=DELTA(I)/{V{1})%5QT) HYPOLB9C
DIDH=Z/{V{1)*5QT) HYP189]
ANIN(I)=DELTA(I)/5QT HYPOL1B3IZ
GO TO 260 HYPU1B93
FIND A DIRECT WAVE THAT WILL EMERGE AT THE STATION HYPO1894
XBIG=NELTA(IL} HYPG1B9I5
XLIT=0ELTA(I)*TKJI/Z HYPOLlB96
UB=XBIG/SART(XBIG**2+TKJISQ} HYPOI1897
UL=XLIT/SQRT{XLIT#x2+TKJS5Q} HYPO1898
UBSQ=UB**x2 HYPO1899
ULSO=UL#*2 HYPGL900
DELBIG=TKJ*UR/SQRT(1.006001-UBSQ) HYPOL901
DELLIT=TKJ*UL/SQRT{1.00000L-ULSQ) HYPULl902
Jl=JL-1 HYPJ1303
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L10

120

140

195
200

210

DO 110 L=l,di

DELBIG=DELBIG+{THK{LI*UB}/SQRT(VIQ(JL)}/VSQIL)-UBSG}
DELLIT=DELLITHITHKIL)#UL}/SORT(VSQIJL)/VSQIL)=-ULST)

PO 170 LL=1,25

IF (DELBIG=-DELLIT LLT. CaG2) GO TO 18C
XTR=XLIT+{DELTA{I)-DELLIT)I*(XBIG-XLIT)/{DELBIG=-DELLIT)

U=XTR/SQRT(XTR**2+TXJ5Q)
USQ=ljk%2
DELXTR=TKJ*U/SQRT(1.000001-U5Q}
DO 120 L=1,J41

DELXTR=DELXTR+{THKIL)*U) /SQRT{VSQIJIL}I/VSRQIL)-UJ

XTEST=DELTA{I)-DELXTR

IF {ABSUXTEST) LLE. 0.02) GU TO 190
IF {XTEST) 140,190.150

XBIG=XTR

DELBIG=DELXTR

GN TO 160

XLIT=XTR

DELLIT=DELXTR

[F {LL «LT. 1Q) GO YO 170

IF (1.0-U .LT. 0.0002)} GO YO 190
CONTINUE

XTR=Q.5%(XBIG+XLIT)
UsXTR/SOQRT{XTR*%2+TKJSQ) |
USQ=U®*x2

IF {1.0«U .GT. 0.0002) GO TO 220

[F U IS TOO NEAR 1, CUMPUTE TDIR AS WAVE ALONG

IF {ISW EQ. IONE) GO TO 195
TOC=TID(JLJL)#DFLTA{ L) /VIIL)
GO TO 200

TIX=F{LyJLY#DHLIRGE L, JLI+F (24 JLYSDHZRGI 2, JL)+TIDLJLJL)

TOC=TIX+DELTALI)}/VIJL)

IF tJL ED. NL) GQ TO 210
IF {TDC .GE. TMIN} GO TO 80
T{I}=TDC

DTDD=1.0/V(JL)

DTDH=0.0

ANEIN{1)=0.9999999

GU TO 260

TRAVEL TIME & DERIVATIVES FUR -DIRECT wWaAvVE BELOW FIRST LAYER

TOIR=TRJI/Z{VIJL) *SQRT{1.0~-USQ))
00 240 L=l,J41

TOIR=TOIRA{ THKIL)*VIJLI ) Z{VSQIL}*SQRTIVSQEJLI/VSQIL)I-USQL)

IF (JL .EQe NL) GE TO 245

IF (TDIR .GE. TMIN) GG TO 80
T(I)=TDIR

SRR=SQRT{1.-U5Q)

SRT=SRR*®*3

ALFA=TKJ/SRT
BFETA=TKJ®U/(VI{JL) %SRT)

DO 250 L=1,J41
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HYPJL3204
HYPG1305
HYPO1406
HYPJ13Q7
HYPO1908
HYPUL9Q9
HYPO1910
HYPGLIL1
HYPG1912
HYPOL13913
HYPCL914
HYPOL9LS
HYPOLl916
HYPYLSLT
HYPO1913
HYPULl=219
HYpPalazn
HYPOLl921
RYPOL 322
HYP14323
HYP 1924
HYPOL92%
HYPULY26
HYPJ1927
HYPOL3Z8
HYPULS29

THE TOP OF LAYER JLHYPOL930

HYPUI1 731
HYPI1932
HYP0D1333
HYPO1934
HYPO1935
HY P11 36
HYPI1937
HYPOL 238
HYPUL1939
HYPO1340
HYPU31941
HYPOl9342
HYPO1341
HYP(11944
HYPO1345
HYP{J1946
HYPO L4947
HYPU1948
HYPJ1949
HYPOL250
HYPDQ1951
HYPOL 252
HYP{1453
HYP( 1954



STK={SQRT(VSQ(JL)I/VSQ(L)~USQ) ) *%3 HYPGL 445

VTK=THK{L)Y A{VSQ{L)#5TK) HYPOL 454
ALFASALFA+VTK®YSC{JL)} HYPHLT 237

250 RETA=BETA+VTK*V(JL)*U HYP L 454
OTDD=BETA/ALFA ) HYPROL shw
DFDH={1.0=V{JL)*U*DTDD}/ (V{JL ) *SRR) HYPZ1761)
ANIN(L )=V HYPO1 861
----- SET UP PARTIAL DFRIVATIVES FUR REGRESSION ANALYSIS —wrmwrecewcmemeeHYPU1962
260 X{14i)=~-OTDD*DX{[)/DELTA(IL) C HYPO1963
X{2,1)==DTDD*DY( 1) /DELTALI} HYRO1964
X(3,1)=DTOH HYPOL 4%

300 CONTINUE HYPC1 166
RETURN HYPULl49&7

END HYPO196s
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SUBROUTINE XFMAGS

COMPUTE X-MAGNITUDE AND F-MAGNITUDE
REAL LAT,LON,MAG

FALS NSTACLSL)sOLY (24151 ),FMGCILSL) XMGCI15L),KLAS(15]},
PRRI151L)CALRULS51)ICALTLISE)+ISULSL) NDATE(ISL) + NHPAMNI151)
742/ LAT(1S1),LON(151),DELTACIOL),DX{LEL)»DY(101),T(101)
FAS/ LZTRXNEARsXFARPOS+IQsKMSyKFM, IPUN IMAG,[R+QSPA{9,40)
FAS/ NMAXoLMAXyNSyNLyMMAX ¢NRyFNO+Z¢X{4s101)+2504NRP,DF(1J1)HYPOLITE
JAB/ CAL(10L),XMAG{1I0L1)+FMAGILIQL) yNMsAVXM,SDXMyNF AVFM,
SDFMyMAG+KDX{ LOL)} 4 AMX{101),PRX(10L),CALX{LOL),FMP(101}
FAL6/ KLSS(151),CALSI(151),MDATE{151 ) ,MHRMNIL1S]1}, PRN,ISH
FA19/ KNOL,TELVLLS51) 4TEST{LIS) yFLT{Z24151) MNOCLS)1)+IW{LSY)

COMMON

COMMON
COMMON
COMMON
COMMON

COMMON
COMMON

DIMENSION RSPA{8,20)

DATA ZMC1+ZMC2,PWCL,PWC2/041593.3840.8041.50/+BLANK/?

OATA RSPA/-0.02,

Oulé,
0.309
0.‘!3'
0- 55!
0.65.
0.?‘!!
0.83'
0‘921
1.01'
1-11'
‘.-20'
1.30!
1039l
i.‘l’?'
1.53,
1.56,
1053'
1-43I
1025|

1-05[*0-15,‘0.1‘5'
1-181"0.01'

1‘291
1040’
l“’QQ
1.571'
1.63,
1070!
1.7?'
1.86+
1.94,
2-05'
2. !4'
202‘!"
2.33,
2.1,
2.65,
204‘&'
2.36'
2.18,

0.12’
0-25!
0. 38'
0.53,
0.71,
0‘90"
1.07,
1.23'
135,
l-‘fs'
1055!
1-&5!
1aT4,
l.Bl,
1.85,
1-84?
L.7T6,
lISQ,

AVFM=C.,
SOFM=0.

- .

DO 40 I=1.NRP
XMAG(T)=BLANK
RADZ2=DELTA([}**2+254

IF ({RAD2.LT.1.}.0R.(RADZ2.GT.360000.1}}

JI=KDXI{I}

K=KLAS(JT)

AMXI=ABS(AMX(]))
CALtEY=CALX(T)

IF ((CAL{I)W.LT.0.01}.0R.IICALIJIT.EQaL)) CALITI=CALRUII)
IF ((AMXI.LT.0.01l}.0R.{CAL{I).LT.0Q.011})

O-OII
0- l.‘"
0027!
04‘?1!
0-5?!
0754
0.95,
1- .l."l
1.28,
1.40,
1.{09'
1058!
I-.b?f
l.76,
1-33'
1.87'
1486!
178y
161,

89

0066'
0. 79'
0.90C,
1.00'
1.08,
.16,
1.23,
‘t30'
1.38,
| R
[1e57,
L.6Ts
l‘??p
l.86,
1095'
2.03,
2-0?!
2.0&1
1.98,
1-82)

0455,
O.t6y
0.764
0.86'
OOQ3'
}..00.
L.0T7,
1.15,
}.-zsr
1035!
l.4b,
1.56,
1-66!
1.?6!
1.85"
1.93,
1.97,
1.96,
1.38,
L.72

GO YO 30

Q.17,
0.27,
0035'
Uot’.'!!
0+49,
0.55y
D.6%3,
.72
0.83,
0.95,
1.08,
1-lg'
1-30!
1.40.
1-50!
1.58,
Lab62,
1-61!
1.53,
103?’

GO TO 30

o - ———

HYP1963
HYPOILITS
HYPO1371
HYPUl972
HYPOL1973
HYPOL1L9T74
HYPU1375

HYPOLATT
HYPUL137%
HYPOLITY
HYPU193L
HYP(31331
HYP(O1982
HYPC1383
HYPO 1984
HYPULI8S
HYP1I1986
HYPGL1S87
HYPOLYER
HYP(O1389
HYPU1930Q
HYPUL99L
HYPO19732
RHYPI31923
HYPO1994
HYRU1995
HYPO1996
HYP1937
HYPU1992
HYP{11999
HYPUZ2QUU
HYPU2001
HYPO2002
HYPUZ2UQ0 3
HYP(2004
HYPG2QC5
HYPI2006
HYPQO20GT
HYPU20G3
HYP2009
HYPQ201G
HYPOZ2C11
HYPO20u12
HYPOZ2O13
HYPI2(C 14
HYP32015%
HYPO2016
HYPSZ2017
HYPQ2L1E
HYPQ2019




10

20

30

40

50

&0

70
80

90

IF ((K.LT.O).OR.(K.GT.8))Y GO TO 30

XLMR=0,

IF (K .EQ. O0) GO TO 20

PRXI=PRX{I)

IF {PRXI .LT. 0.01) PRXI=PRR{JI)

IF (IR .EQ. 0O} GO T 10

IF (IPRX1.GT.20.1.0R.IPRXI.LT,0.033)) GO TQ 30
FQ=10.%ALOGLO(1./PRXI)+20.

I1FQ=FQ
XLMR=QSPAIK,IFQ)+(FQ~IFRI*{QSPAIK,IFQ+1)~QSPAIK,IFND))
GO TO 20

IF [{PRXI.GT.3.) .0RLIPRXI.LT.0.05)) GO TU 30
FQ=10.*ALOGIC{1./PRXI)+6.

IFQ=FQ
XLMR=RSPAI(KyIFQI+(FO-IFRQ)*®{RSPAIK,IFQ+1)-RSPAIK,[FQ})
BLAC=ALOGLO{AMXT/{2.%CAL{])})=XLMR
RLD2=ALOGLO{RADZ2)

BLNT=ZMC1-PWCL*RLD2

1F {RADZ .GE. 40000.) BLNT=IMC2-PWC2#RLDZ
XMAGIT)=BLAC-BLNT+XMGC{J4I)

NM=NM+1

AVYXM=AYXM+XMAG(T )

CSDXM=SDXM+XMAGT ] ) ®x2

FMAGLI)=BLANK :
IF {FMP{]1) .EQ. BLANK) GO TQ &0

FMAGII)=TEST{T)I+TEST{8)*ALOGLO(FMPL{I})+TEST(I)*DELTATII)+FMGCLID)

NF=NF+1

AVEM=AVFM+FEMAG(])
SDFM=SDFM+FMAGI ) *%x2
CONTINUE

IF (NM .EQ. 0) GO TJ 5C
AVXM=AVXM/NM
SOXM=SQRT{SOXM/NM=—AVXMEk2)
IF (NF .EQ. 0) GO TO 60
AVFM=AVFEM/NF
SOFM=SQRT{SDFM/NF~-AVFMXxx2)
IF (NM .EQ. 0O} AVXM=BLANK
IF {NF .EQ. 0O) AVFM=RLANK
IF (IMAG-1) 704+80,90
MAG=AV XM

RETURN

MAG=AVEFM

RETURN

MAG=0.S5%[AVXM+AVFM!}

IF tAvXM .EQ. BLANK) GD TO 80
IF {AVFM EQ. BLANK) GO TO 710
RETURN

END
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HYPU2G20
HYP2D21
HYPU2 5722
rYPC2u23
HYPLZ2024
HYPQ2025
HYPLG2U24
HYP(2027
HYPO2028
HYPU202
HYPGZ2L30
HYPU2031
HYP(2032
HYPN2¢33
HYPO2U36&
HYPOZ20 39
HYPUZ2U 36
HYPOQ2037
HYPO203¢8
HYPO2039
HYPUZ204L
HYPLZ204 1
HYPO2042
HYPJ2G43
HYPUOZ2044
HYPO2045
HYPO2(046
HYPQ2U4T
HYPUZ2048
HYPD2049
HYPD2QSD
HYPUZ2OSL
HYPD2(352
HYPUZ2CS53
HYPO2054
HYPO2055
HYPUZ2056
HYPOZ2GH7T
HYPO2058
MYPD2059
HYPO2060C
HYPOZ2041L
RYPD2062
HYPOZ2J63
HYPG2064
HYPO205465
HYPD2C 66
HYPDZ067T



AFPENDIX 2. A Listing of a Test Run of HYPO71*

We have modified the real data to include some errors for demonstrations.
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//MG992603 JOB (975200,C642+34541000),*LEE - BCO*',CLASS=D
//G0 EXEC PGM=E230.REGION=150K,TIME=2

//STEPLIB DD DSNAME=A9735200.MGIE230.HYPOTL,UNIT=5YSDA,
// VOL=SER=TEMPAA,DISP=SHR

J/FTO6F00Y DD SYSOQuUT=A

//FTQTFOOL 00 SYSOQUT=8

//FTOS5FQ01 DD =

HEAD SOME SANTA ROSA QUAKES FOR TESTING HYPOTL

RESET TEST{O6}=1.
SROL13842.55 12259.17 -0.15 0.40 0.25 8
SR023827.28 12304.80 0.09 0«40 0.2% 18
SR033814.15 12251.29 0.12 0.40 Q.25 8
SR043817.20 12231.92 C.14 0.40 0.25 8
SR0S3829.55 12224.33 0.07 0.40 0.25 8
SR063842.58 12232.22 -0.19 Q.40 0.25 8
SR073832.20 12242.78 0.03 C.40 0.25 8
SRBA3835,50 12249.38 Q.04 0.40 .25 8
SR083835.92 12248.25 0.07 D.40 ¢.25 8
SR093829.42 12251.00 -0.19 0.40 0.25 B
SR1G3825.00 12238.75 -0.16 0.40 0.25 8
SR1132833.58 12239.48 0.02 G.40 0.25 8
SR123833.95 12246.20 013 0.40 0.25 8
SR133828.50 12241.10 - -0.01 0.40 0.25 8
SR143823.08 12249.38 0.01 . 0.40 0.25 8
SR153829.40 12235.95 0.07 0.40 0.25 8
SR163832.02 12258.55 0.04 0.40 0.25 8
SR173845.95 12248.35 C.a0 0.25 8
SR183817.75 12244.48 -0.11 D.40 0.25 8
SR193840.25 12240.08 -0.05 0.40 0.25 8

3.30 0.0

5.00 1.0

5.70 4.0

6.70 15.0

8.00 25.0

5. 50. 100. 1.78 1 11

SROLEP-2 6910065111259.78

SROZ2IPUO 691005111259.42

SRO3IPLO 691005111258.41 23. W15 Q.65

SRC4IPUO 691005111258.05 62.4515U0 29. .20 0.78

SROSIPUC 691C05111258.12

SRO6IPRO 691005111258.53 62.5915 O cLe

SRO7TIPDO 691005111254.81

SRBAIP+] 691005111256.51

SRO9IPUON 691005111255.66 cLe

SRI10IPUC 691005111254.80

SR11IPDC 691005111255.32

SR12IPDO 691005111255.77

SR13IPDO 691005111254.89

92
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SR1SIPUQ
SR16IPDO
SRI8SIPDO
SRL191PDO

SRO1IPDO
SRO21PUO
SRO3IPDO
SRO&IPUD
SRO51PUO
SRO&1PDO
SROQ71IPDO
SR8AIPUC
SRO91PUD
SR10IPUD
SR111PODO
SR121PDO
SR201PDO
SR131POO
SR14IPDO
SR15iPUD
SRI&IPUC
SR181IPDO
SR191PDO

SRO3IP-1
SRO4IPD9
SROS[P=1
SRO61PDO
SROTIPDO
SRQ9IPUO
SR101PUO
SRILIPODO
SR121P-1
SR131IPDO
SR15IPUD
SR1ISIP-1
SR181PDO
SR13IPDO

SROLlEP 2
SRO2IPUO
SRO41PUO

/%
/7

691005111255.21
691005111258.04
691005111256.94
691005111257.26
10
691005120651.22
691005120651.02
691005120650.49
691005120649.66
691005120649.72
691005120650.10
691005120646.38
691005120648.09
691005120647.723
691005120646.40
5691005120646.89
691005120647.32
69100512G648.88
691005120645.46
691005120657.78
691005120646.80
691005120649.47
691005120648.55
6931005120648.88

691005061210.13
691005061210.40
631005061209.04
631005061209.75
691005061206.45
691005061207.29
691005061206.10
691005061206.78
691005061207.35
691005061205.79
6£21005061206.44
621005061209.52
631005061208.50
691005061208.561

691005111259.78
£91005111259.42
691005120649.66

53.70ES 2
54.20ESN4

14.301500 DT?

13.94E3 2

12.00IS G

54.03I5 O

93
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18

30
28
27



APPENDIX 3. Printed Results of the HYPO71l Test Run
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