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1. INTRODUCTION

HYPO71 is a computer program for determining hypocenter, magnitude,
and first motion pattern of local earthquakes. The original program
was dated December 21, 1971, and a user's manual was released as an
open-file report of the U.S. Geological Survey on March 30, 1972 (Lee
and Lahr, 1972). In order to generalize HYPO71l for worldwide usage and
to correct a few programming 'bugs', the program HYPO71 was revised on
November 25, 1973, and a note on '"Revisions of HYPO71" was released on
January 30, 1974. Now that all reprints of the original HYPO71 manual
"have been exhausted, we take this opportunity to release a revised and
updated HYPO71 manual. For simplicity, HYPO71 (Revised) will be referred
to as HYPO71.

Because this report is intended as a manual for HYPO71 users,
emphasis has been placed upon how to use the program. Our experience
indicates that locating local earthquakes accurately requires consider-
able efforts. One must have accurate station coordinates (better than
+ 0.1 km if possible), a reasonable crustal structure model (from con-
trolled explosions), and reliable P and S arrivals. Naturally no computer
program will give correct answers if the input data contain errors, so
careful checking is essential before HYPO71 is run. One should also
remember that small residuals and standard errors are NOT sufficient to
guarantee accurate hypocenter solution.

HYPO71 is designed to catch some common mistakes in the input data,
but this should not be counted on to find all of the errors. HYPO71

also provides an assessment of the quality of the hypocenter solution



(see p.26 ) and much other information. Users are urged to study the
output carefully. We wish to emphasize that values for "TEST VARIABLES"
(see p. 7 ) must be carefully chosen for a given application because
they influence how the program goes 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 usually less than 10 kilometers).

HYPO71 differs from HYPOLAYR (Eaton, 1969) and its revised version
HYPOMAG in its scope and design, except that a similar subroutine is used
to calculate traveltimes and their derivatives. Although major results
of HYPOLAYR (or HYPOMAG) could be reproduced with HYPO71, several addi-
tional 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 traveltimes are now available.

Comments and criticisms of HYPO71 from users are welcome so that
further improvements can be made. Users are urged to write or call
Willie Lee (415-323-8111, Ext. 2630) should any problem occur in using

HYPO71.



2. HOW TO USE HYPQ71

The HYPO71 program is available in two versions: omne for the
IBM 360 or 370 computer in EBCDIC punched code, and the other for
the CDC 6600 or 7600 computer in BCD punched code. It is written
in FORTRAN IV language and has been successfully executed under the
FORTRAN H compiler for IBM computers or under the MNF (University
of Minnesota FORTRAN ) compiler for CDC computers. The program
requires approximately 150,000 bytes (or 37,500 words) of core storage
for execution. Section 2.4 will describe how to adapt HYPO71 to your
computer, especially when the available core storage is less than what
is required. A listing of HYPO71 is given in Appendix 1 (p.45-86).

If HYPO71 is to be used routinely, a load module should be created
and stored on disk. Since compilation and link-editing are not needed
to execute a load module, considerable savings in computer time is
achieved (about 2 minutes per run on an IBM 360/65 computer). In the
following two sections, a step-by-step description of how to use the
load module of HYPO71 is presented. A listing of a test run for IBM 360
or 370 computers is illustrated in Appendix 2 (p.87-89).

2.1 Input Card Deck Setup.

To execute the load module of HYPO71 the following input card deck
setup is required:

(1) Job card

(2) Job control cards

(3) Input data cards

(4) End card



Because "Input Data Cards" are independent of the computer facility,
they will be treated in detail 1in Section 2.2. For NCER users, a
load module of HYPO71 has been stored on (1) USGS Computer Center at
Reston, (2) Stanford Computation Center at Stanford University, and
(3) Computing Facility at Lawrence Berkeley Laboratory. The input card
deck setup for the Reston computer is illustrated in Appendix 2 (p.87-89).

- The deck setup for the Stanford computer is as follows:

= ® = = = JOB CARD FOR STANFORD IBM 360/67 COMPUTER = = = = =
//HYPO EXEC PGM=HYPQO71

//STEPLIB DN DSN=C896,LEEyUNIT=2314+DISP=0LDsVOL=SER=5YS]0
//FT06F001 DD SYSOUT=A

//FTO7F001 DD SYSOUT=8B

//FT0SF001 DL #

= = = = = INPUT DATA CARDS FOR HYPQ7] = = = = =

/%
The deck setup for the LBL computer (BKY) is as follows:

= = = = = JOB CARD FOR BKY CDC 7600 COMPUTER = = = = =
LIBCOPY (UPGEOBIN/BRYRHPT1)

LINKsBoF=BIN,

LGOBsLC=20000. (NOTE?! LC=MAXIMUM NUMBER OF OUTPUT LINES)
EXIT.

7/8/9 CARD (NOTES MULTIPLE PUNCH OF 7+8¢8 9 AT COLUMN 1)
= = =« = = [NPUT DATA CARDS FOR HYPQ7] = = = = =

6/7/8/79 CARD {NOTE: THIS IS THE BKY END OF JOB CARD)

2,1-1. Job Card. This card must be prepared according to the computer
facility used. One should normally allow 1 second computer time

(IBM 360/65) and 100 lines printout for each earthquake. In addition,
5 seconds and 500 lines should be allowed for overhead. The actual
computer time and printout depend, of course, on the options chosen and

on the amount of data for each earthquake.
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2.1=2. Job Control Cards. These cards depend on the computer facility

used and how the load module is stored. Examples for IBM and CDC computers

are shown in Section 2.1 above.

2.2. Input Data Cards.

These cards contain the input data for HYPO71l, and are
set up as described below. A quick reference guide for variable names

and formats of the input data is given in Figure 1. To denote a blank

punch in the text, we use A*

Item Maximum Remarks Page
Number
of cards
(1) Heading card 1 optional 5
(2) Reset list 13 optional 7
(3) Selection card 1 9
(4) Station list 150 9
(5) Blank card ‘ 1 to signal end of (4) 12
(6) Crustal model list 20 12
(7) Blank card 1 to signal end of (6) 12
(8) Control card 1 12
(9) Phase list 100 : 15
repeated for each quake
(10) Instruction card 1 17
(11) Additional instruction list optional 17
(12) Recycle card optional 18
2,2-1 Heading Card. This card is optional and is used to write a

heading above each earthquake in the output. Punch HEAD in columns 1

to 4, and the heading in columns 26 to 74.
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2.2-2 Reset List. This list is optional and may contain any number
of cards up to a maximum of 13. The purpose of this list is to reset
values of the test variables used in the program. The standard values
(initiated by the program) are appropriate for earthquakes 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:

RESETATEST(O6)=0.75 starting at column 1. The subscript of the test
variable must be punched in columns 12 and 13, and the value of the test
variable must be punched in F-format in columns 16 to 25. Definiﬁiops for

the test variables are given as follows:

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

RMS below which Jeffreys' weighting
of residuals is not used. 1t should

, be set to a value approximately
equal to the overall timing accuracy
of P-arrivals in seconds.#*

TEST(02) 10 km For each iteration step, if the epi-
central adjustment > TEST(02), this
step is recalculated without focal-
depth adjustment. TEST(02) should
be set to a value approximately equal
to station spacing in kilometers.

TEST(03) 2, Critical F-value for the stepwise
multiple regression (Draper and Smith,
1966). TEST(03) should be set accord-
ing to the number and quality of P-
and S-arrivals. A value between 0.5
and 2 is recommended. If TEST(03) £0.,
a simple multiple regression is
performed regardless of whether the
matrix is ill-conditioned (p.32-33).

* Jeffreys' weighting is designed to catch large arrival-time errors.
Therefore, it is useful to use it on preliminary runs. After arrival-time
errors have been corrected, Jeffreys' weighting is not recommended. (i.e.

Reset TEST(01l) to a large value,such as 0.5,on your final run).
-7 -



Test

Variable

TEST(04)

TEST(05)

TEST(06)

TEST(07)
TEST(08)

TEST(09)

TEST(10)

Standard

Value

0.05 km

-0.87
2.00

0.0035

100 km

Definition

This 1s not desirable because the
hypocenter solution may be meaning-
less. On the other hand, if TEST(03)
is set to 2 or greater, then Geiger's
iteration may be terminated pre-
maturely, before a good hypocenter

is found.

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

If the focal-depth adjustment (DZ)

is greater than TEST(05), DZ is reset
to DZ / (K + 1), where K = DZ / TEST(05).
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 Cali-
fornia. Therefore, we use a value of
5 km for trial focal depth (p. 12),
and TEST(05) = 5 km.

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
regression is repeated. If TEST(06)
<1l., then the regression is repeated
to find one variable, and the adjust-
ment is made only if it is greater
than TEST(06)* standard error. If
TEST(03) is set to be less than 2,
then TEST(06) should be set to 1.

Coefficients for calculating the
duration magnitude (FMAG) (Lee, Bennett
and Meagher, 1972):

FMAG = -0.87 + 2 1log(T) + 0.0035 D
where T is signal duration in sec, and
D is epicentral distance in km.

If the latitude or longitude adjust-
ment (DX or DY) is greater than
TEST(10), then DX is reset to DX/(J+1),
and DY is reset to DY/(J+l), where

= D/TEST(10), D being the larger of
DX or DY.



Test Standard :
Variable Value Definition

TEST(11) 8. Maximum number of iterations in
the hypocentral 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 is the focal depth.

TEST(13) 1. km Auxiliary RMS values are optionally
calculated at ten points on a sphere
of radius ¥3 * TEST(13) centered on
the final solution. Eight of the ten
points fall on the corners of a cube,
with sides equal to 2 * TEST(13). If
the solution converged to a minimum
of RMS, then all nearby values of RMS
will be greater. TEST(13) should be
set to a value approximately equal to
the standard error of hypocenter in

kilometers. (See p. 30 for details).

2,2-3 Selection Card. In HYPO71, travel time from a trial hypocenter

to a station is calculated from a given crustal model consisting of multiple
horizontal layers. Each layer is specified 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 station.

b) Variable First-Layer Model. The selection card has a 1 punched in
Column 1, To account for different travel paths, the‘station delay at a
given station is converted to 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 layers differ
from station to station. 1In addition, two delays may be assigned to a
given station corresponding to different earthquake source regions.

2.2-4 Station List. For each seismograph station, a station card must

-9 <



be punched. Use Station Format No. 1 for the Station Delay Model, and
Station Format No. 2 for the Variable First-Layer Model. A maximum of

150 station cards is allowed in the program.

Station Format No. 1 (for Station Delay Model)

Column Name Format Explanation Examples
2 v Al If IW = *, then this station has
zero weight assighed to its P
and/or S reading(s). Normally blank
3-6 NSTA A4 Station name SBSM or AMOB
7-8 LAT1 12 Degree portion of latitude 37
9-13 LAT2 F5.2 Minute portion of latitude 15.72
%*
14 INS Al Punch N or leave this column blank

for stations in northerm hemis-
phere. Punch S for stations in

southern hemisphere. N or 5§
15-17 LON1 13 Degree portion of longitude 121
18-22 LON2 F5.2 Minute portion of longitude 30.45
23 1w * Al Punch E for eastern longitude.
Punch W or leave this column
blank for western longitude Eor W
24-27  1ELV 14 Elevation in meters. This data
is not used in the program 1250 or AA50
29-33 DLY F5.2 Station delay in seconds +0.20 or -0.08
38-42 FMGC F5.2 Station correction for FMAG +0.25 or -0.50
45-49 XMGC F5.2 Station correction for XMAG +0.25 or -0.50
51 KLAS I1 System number is assigned for 0 for Wood-Anderson
each station so that the fre- 1 for NCER Standard
quency response curve of the 2 for EV-17 & Develco
seismometer and preamp is speci~ 3 for HS-10 & Teledyne
fied for the amplitude magnitude 4 for HS-10 & Develco
calculation (XMAG) 5 for L-4C & Develco
6 for L-4C & Teledyne
7 for L-4C replacing

HS-10 & Develco
for 10-day recorders

[- -]

* INS and IEW MUSt he the same for all stations.

- 10 -



Column Name Format Explanation Examples
53-56 PRR F4.2 Standard period for XMAG 0.15 or blank
58-63 CALR F6.2 Standard calibration for XMAG A10.50 or blank
65 ICAL 11 Calibration indicator: punch 1

if one always wants to use the

standard calibration; otherwise

leave it blank 1 or blank
71-76  NDATE 16 Year, month, and day 710625 or blank
77-80 NHRMN I4 Hour and minute 1224 or blank

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

1-4 NSTA A4 Station name SBSM or AMOB
5 Iw Al If IW=*, then this station has zero

weight assigned to its P &/ S readings normally blank
6-7 LAT1 I2 Degree portion of latitude 37
9-13 LAT2 F5.2 Minute portion of latitude 15.72
14 INS® Al Punch N or leave this column blank

for stations in northern hemisphere.

Punch S for stations in southern

hemisphere Nor S
15-17 LON1 I3 Degree portion of longitude 121
19-23 1LON2 F5.2 Minute portion of longitude 30.45
24 IEW" Al Punch E for eastern longitude. Punch

W or leave this column blank for western

longitude Eor W
25-28 IELV 14 Elevation in meters. This data is not .

used in the program. 1250 or AA50
34 MNO I1 Preferred model number. If MNO=1 and

this station is nearest to the earth-

quake, then model 1 is used. 1l or 2
36-40 DLY1 F5.2 Station delay for model 1 in geconds +0.20 or -0.08
42-46 DLY2 F5.2 Station delay for model 2 in seconds +0.20 or -0.08
48-52 XMGC  F5.2 Station correction for XMAG +0.25 or -0.50
54-58 FMGC  F5.2 Station correction for FMAG +0.25 or -0.50

*

INS and IEW must be the same for all stations.

- 11 -



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

Column Name Format Explanation Examples
60 KLAS 12 System number (see explana-

tion in Station Format No. 1).

61-66 CALR F6.2 Standard calibration for XMAG A10.50 or blank

68 ICAL al Calibration indicator: punch
1 if the standard calibration
is to be used; otherwise leave

it blank. 1 or blank
71-76 NDATE 16 Year, month and day 710625 or blank
77-80 NHRMN 14 Hour and minute 1224 or blank

2.2-5 Blank Card. Signals end of station list.

2.2-6 Crustal Model List. For each flat layer, a crustal model list card must

be punched as follows:

Column Name Format Explanation Examples
1-7 v F7.3 P-velocity in km/sec in a AA3.5AA
given layer
8-14 D F7.3 Depth in km to the top of a AA0.00A for the

given layer first layer

2.2-7 Blank Card. Signals end of crustal model.

2.2-8 Control Card. This card selects some of the optioﬁs in HYPO7! and must

be punched as follows:

Column Name Format Explanation Examples
1-5 ZTR F5.0 Trial focal depth in km AAAS.
6-10 XNEAR F5.0 Distance in km from AA50.
epicenter where the
distance weighting 1s 1
11-15 XFAR F5.0 Distance in km from A200.

epicenter beyond which
the distance weighting 1is O

- 12 -



2,2-8 Control Card -- Continued

Column Name Format
16-20 POS F5.2
25 1Q 11

30 KMS I1
34-35 KFM 12

40 IPUN 11

45 IMAG I1

50 IR 11

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 1is 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 p. 57 (555-560),

and p. 85-86.

- 13 -

= O

Examples

1.78 is recommended

for class A
for A and B

for A, B, and C
for all

for NOT checking
for checking

5 or blank

for no punched cards

for punching summary cards
for punching summary and
station cards

for punching summary cards
and new station list with
revised residuals

for punching summary cards
and new station list with
revised system number and
standard calibration.

for MAG = XMAG
for MAG = FMAG

XMAG + FMAG

for MAG = 2

blank



2.2-8 Control Card -- Continued

Colummn Name Format
55 IPRN 11
57 ( KTEST 11

C

o
58 D KAZ 11
' E
59 KSORT 11
60 | KSEL 11
63-64 LAT1 12
66-70 LAT2 F5.2
72-74 LON1 13
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. (see p.9).

This option will help to

determine if the solution

is at the RMS minimum. (See p.30).

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

- 14 -



to avoid "ARCTAN (0/0)" in calculating the azimuth between epicenter

and station).

2.2-9 Phase list.
a phase list card must be punched as follows.

allowed in the phase list.

For each seismographic station recording the earthquakes,

A maximum of 100 cards is

Examﬁles of data forms for punching phase cards

are shown in Appendix 5 (p. 111-113).

Column Name Format
1-4 MSTA Ab
5 Al
6 Al
> mm{om
8 Fl1.0
o
10-15 KDATE 16
16-17 KHR 12
18-19 KMIN 12
20-24 SEC F5.2
32-36 S F5.2
* 'KDATE'

Explanation

Station name

Description 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 P-arrival *

Hour of P-arrival#*
Minute of P-arrival**
Second of P-arrival

Second of S-arrival

Examples

SBSM or AMOB

I denotes impulsive
or sharp

E denotes emergent or
gradual

P or blank

U = Up = C = Compression

D = Down = Dilatation

+ = poor Uor C

~ = poor D

N = Noisy

blank = Not readable

0 or blank = Full
weight

1 = 3/4 weight

2 = 1/2 weight

3 = 1/4 weight

4 = No weight

700105 for Jan. 5, 1970

18
32
15.25

20.10

and 'KHR' must have the same values for P and S arrivals for a

given earthquake,
hour MUST be carried into 'KMIN'.

For arrival times where 'KHR' changes, the extra

** For arrival times where 'KMIN' changes, '"KMIN' may be punched as it is,
or if the same 'KMIN' is punched, carry the extra minute into 'SEC' & 'S'.

- 15 -



2.2-9 Phase list, -- Continued

Column Name Format
\
37 ( A1
38 >  SRMK < Al
39 Al
40 F1.0
7 .
44-47 AMPX F4.0
48-50 PRX F3.2
51-54 CALP F4&.1
59-62 CALX F4,1
63-65 RMK A3
66-70 DT F5.2

Explanation Examples
Description of onset of I or E or blank
S-arrival
"S" to denote S-arrival S or blank
First motion direction U, or D, or +, or

-, or N, or blank

Weight assigned to Same as that fo.

S-arrival P-arrival at
Column 8

Maximum peak-to-peak AZ&. or AAZQ

amplitude in mm

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.

Normally not used except
as noted in next item.

Peak-to-peak amplitude of 5.4
10 uv 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.

Remark for this phase card. Q05 or blank
Any three characters (except
CAL) may be used. ;

Time correction in sec. blank
Normally not used for
telemetered stations,

. 80 leave it blank.

- 16 -~



2.2-9 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
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.

2.2-10 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 Ab Normally IPRO = blank. If blank or **
IPRO = ,**,, additional n A 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 I1 INST = 0 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 focal-depth. blank
Normally this field is
left blank unless one
wishes to replace ZTR
(in the control card)
by ZRES for this earth-
quake.

2.2-11 Additional Instruction List. Additional instruction cards may be

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

are punched as follows:
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Column

5-8

18
19
20-24

28-29

31-35

37-39

41-45

2 ® 3-12

A Name

IPRO

KNST
INST
ZRES

LAT1

LAT2

LON1

LON2

Recycle Card.

Format

A4

I1
I1
F5.2

I2

FS.Z

I3

F5.2

Explanation

If this is the last card in the
instruction list, IPRO = blank.
If more instruction cards follow,
IPRO = A**A'

Same as that described in

Degree portion of trial-hypocenter
latitude

Minute portion of trial-hypocenter
latitude

Degree portion of trial-hypocenter
longitude

Minute portion of trial-hypocenter
longitude

Previous items may be repeated by using a recycle

card to be punched on columns 2

Columns (2 to 4)

kkd

$$8

¢ece

2.3 Additional Options.

to 4
Remarks
Repeat (1) to (12) by returning to (1)
Repeat (6) to (12) by returning to (6)

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

Several additional options are available in HYPO71, as follows:

2.3-1. 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:
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Column Name Format Explanation Examples

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

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

11-15 LAT1 15 Degree portion of latitude of AAA37
hypocenter

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

21-25 LON1 I5 Degree portion of longitude of AA121
hypocenter

26~-30 LON2 F5.2 Minute portion of longitude of 32.45
hypocenter

31-35 Z F5.2 Focal depth of hypocenter in km A0.00

2.3-2 Use of S-Arrivals. Whether or not S-arrivals are used in the

hypocenter solution, they will appear on the output if they are punched
on phase cards. To use S-arrivals in the solution, set KNST = 1 on the
instruction card (p. 17 & 18).

2.3-3 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 stations. The phase cards of the S-P interval data are punched
as usual (see P.15). 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.

2.3-4 Calibration Changes. 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. 1In this case, the

phase list and instruction card are replaced by one card punched as follows:
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Column Name Format Explanation Examples

1-4 MSTA A4 Station name SBSM or ,MOB
10-15 KDATE 16 Year, month, and day of new 700215
calibration
16-17 KHR I2 Hour of new calibration 21
18-19 KMIN I2 Minute of new calibration 54
22 KLAS 11 New system number 1
59-62 CALX F4.1 New station calibration value
(10 uv signal in mm) 13.2
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.

2.4 Adapting HYPO71 for Your Computer. The EBCDIC punched code of the

HYPO71 program is written for an IBM 360 or 370 computer. A listing is
given in Appendix 1 (p.45-86), where the number in the right hand side is
the FORTRAN card sequence number. If you have an IBM 360 or 370 computer,
adapting HYPO71 for your computer will be easy, except perhaps the error
handling facility of your FORTRAN compiler and the amount of core storage
available. If your FORTRAN compiler does not have ERRSET subroutines, you
must delete HYPO71 cards numbered from 22 to 27 (see p.%6 ). If the amount
of core storage available to you is less than 150,000 bytes, you may reduce
the dimension of the arrays and/or delete some non-critical subroutines.
The length of various HYPO71 components as compiled by FORTH on an

IBM 360/65 computer is as follows:
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2.4 Adapting HYPO71l for Your Computer. (continued)

HYPO71 Components Card Sequence Number Length (bytes)
MAIN 1 - .98 1,588
ANSWER 99 - 133 1,520
AZWTOS 134 - 211 1,836
BLOCK DATA 212 - 248 7,676
FMPLOT 249 - 361 13,568
INPUT1 362 - 562 5,766
INPUT2 563 - 676 2,574
MISING 677 - 737 1,218
OUTPUT 738 - 1021 7,604
SINGLE 1022 - 1499 . 9,028
SORT 1500 - 1526 560
SUMOUT - 1527 - 1652 9,048
SWMREG 1653 -~ 1857 5,730
TRVDRV 1858 - 2024 4,344
XFMAGS 2025 - 2123 2,502
COMMON BLOCKS 47,318
FORTRAN LIBRARY 24,096
Total 145,976 bytes

To execute HYPO71, however, one must add several thousand bytes to this
total for buffers (this depends on the computer facility). Therefore,
we suggest a core storage requirement of 150,000 bytes, although the
program length is less than 146,000 bytes. |

HYPO71 is dimensioned for a maximum of 150 station cards (NMAX = 151),
and 100 phase cards (MMAX = 101). If not needed, the core storage may be

reduced by redimensioning.arrays that have been dimensioned for NMAX = 151
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and MMAX = 101. In addition the statement (card number 245) which

defines the values of NMAX and MMAX must be modified to the new values

chosen. Savings of up to about 25,000 bytes may be realized.

Another way to reduce the core storage requirement is to remove

non-critical subroutines and statements that call them:

Subroutine Card Sequence Number Cards Calling the Subroutine
ANSWER 99 - 133 1793, 1821

AZWTOS 134 - 211 1174

FMPLOT 249 - 361 1451

MISING 677 - 737 1450

SUMOUT 1527 - 1652 91

Up to about 30,000 bytes may be saved in this manner.

The BCD punched code for HYPO71 is a modification of the IBM version

for CDC computers. It is essentially identical except for the following:

(1)

(2)

(3)

(4)

Because CDC allows 131 characters per line (vs 132 characters
for IBM), "SDFM" reads "SDF'", and only one '*' follows large S-
residuals instead of two '*'., This difference has no effect
on your result.

Because CDC only recognizes BCD punched codes, please avoid
using characters such as "+", "#"', "¢", "Z".

You can use "+" for your first P-motion, but not elsewhere.
This restriction is not damaging, because you do not need to
use "+" anywhere else.

"e" in the IBM version (and HYPO71 manual) has been replaced

by '"=" in the CDC versionm.
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If you do not have either an IBM or CDC computer, adapting HYPO71
for your computer will depend on how similar your computer is to the
IBM 360 or 370 computers. We suggest that you consult your computer
center staff before undertaking this work.
Finally, to facilitate your adaption, a deck of test data (see p.87-89)
always accompanies a request for the HYPO71 program. You should
reproduce the results (within 1 or 2 counts of the last significant

figures) shown on p. 90-96.

- 23 -



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 other computer programs. The printer outputs are generally self-
explanatory; the following explanations may be helpful to the users. Results

of tne test run (listed in Appendix 2) is given in Appendix 3 (p. 90-96).

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 particular

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 'L Hypocenter location at Step I,
LONG | See Section 3,2 for details,
Depth J
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 § 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 skipped 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 skipped, 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 civil time). In this case,
it is 16 hr, 59 mn, and 24.05 sec.

LAT 37-48.64 Latitude of epicenter in degrees and
minutes: 37° 48.64°'.

LONG 121-57.59 Longitude of epicenter in degrees and
minutes: 121° 57.59'

DEPTH 3.62 Focal depth in km: 3,62 km. A '*' may
follow the DEPTH to 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 Output. =-- Continued

Heading

DM

GAP

ERH

SQD

Example

110

0.09

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 = 1/2 RiZINO » where R, is the time residual

for the ith station.

Standard error of the epicenter in km.*

ERH = J SDX? + SDY2 , where SDX and SDY are the

standard errors in latitude and longitude,
respectively, 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* 1f
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 quality of the hypocenter. This measure
is intended to indicate the general reliability
of the solution:

Epicenter Focal Depth
A Excellent good
B good fair
c fair poor
D 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 involves 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 Output. -- Continued

Qs RMS (sec) ERH (km) ERZ (km

A < 0.15 < 1.0 < 2.0
B < 0.30 < 2.5 <5.0
C < 0.50 < 5.0

D Others

QD 1is rated according to the station distribution
as follows:

QD 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

Heading Example . Explanation

ADJ 0.0 Last adjustment of hypocenter in km. Normally
this 1s 0 or less than 0.05.

IN 0 Instruction code (KNST and INST in input)

NR 17 Number of station readings available. This includes
readings which are not used in determining hypo-
center.

AVR 0.00 Average of time residuals in sec. AVR = I Ri/NO.
Normally this 1is O. i

AAR 0.07 Average of the absolute time residuals in sec.

AAR = I ]R l /NO.
i
i
NM 5 Number of station readings available for computing

maximum amplitude magnitude (XMAG).

AVXM 1.4 Average of XMAG of available statioms.

SDXM 0.1 Standard deviation of XMAG of available stationms.
NF 3 Number of station readings available for computing
F-P magnitude (FMAG).

AVFM 1.3 Average of FMAG of available stations.
SDFM 0.2 Standard deviation of FMAG of available stations.
I 4 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 column 1
to 80X However, order for M, GAP, and DMIN are changed. A heading card 1is

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

3.3 Station Output.

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

each station.

Heading Example Explanation

SIN BOL Station name.

DIST 1.3 Epicentral distance in km.

AZM 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 p.61 (773"775) & is used on p.54 (934—935).
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3.3 Station Output. == 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 NO.
Normalization is necessary so as to avoid distortion

in computing standard errors.

AMX 15.0 Maximum amplitude in mm 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
is blank in the phase card, then CALR from the
corresponding station card is used and is printed
here as CALX.

K 5 System number for the station from input data.
XMAG 1.60 Maximum amplitude magnitude computed from AMX, PRX,
CALX and K. A * follows XMAG if XMAG - AVXM > 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
SRMK ESAZ This is SRMK from input data.
S$-SEC 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 data.

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

S~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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If S-P interval data are used, the meanings of some of the above headings

are changed as follows.

Heading

P-RES

S-RES

P~WT

S=WT

TSOBS

S-P residual in sec.

Explanation

It 1s defined by

P-RES = TSOBS - TPOBS -~ (POS - 1) (DLY + TPCAL)

for the Station Delay Model.

by zero for computing P-RES as above for the
Variable First-Layer Model.

Same as P~RES

DLY is multiplied

Weight used in hypocenter solution for S-P interval
data.

Will always be **** to denote S-P interval data.

Observed S-P interval in sec.

3.4 Map of Auxiliary RMS Values.

Card (see p. 14).

on the final hypocenter.

This is an optional output for which KTEST is set to 1 on the Control

RMS values are computed at 10 points on a sphere centered

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.

the final hypocenter RMS value is printed (DRMS). An example is shown

below; the view is looking down to the northwest.

sufficient for all DRMS values to be positive for a good solution. If

any DRMS value is negative, then the solution has not converged to a

minimum.

for a given application (see p.9, TEST(13) ).

LAT

8.17
8617
8.17
8.17

Ses7
Sed7
277
2.77

277
277

LON

1476
Re02
14476
Re02

1139
1139
14476

8.02

14476
8.02

4

0
0
62
62

vwoo

0.0
13.28

0.0
0.0
9.62
9.62

AVRPS

-Q 039
-1.42
-0431
~1419

0,26
=056

0.50
-0,88

0.37
0,74
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RMS

0.63
0,23
0.81
0.30

0.34
0.11
0.48

0.27
0,60
0,63
0,70

ORMS

A 3-dimensional view of the auxiliary RMS value minus

It is necessary by NOT

It is important to set the radius of the sphere appropriately
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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,
SORT, SUMOUT, SWMREG, TRVDRV, and XFMAGS. A complete listing of the program
(with a 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, yi, 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, y, z)]. If the

time residual

Ry =1, -ty (¢ )]

is small, Taylor expansion of it will give:

tidz + e (2)

3ty 4x + 9% gy + 2 .

3x y 3z

R1 = dt +

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

> ei2 = a minimum (3)
where I denotes summation over all stations, i.e., 1 = 1 to 1 = n. This is
accomplished by solving the following normal equations which are derived from

applying condition (3) to equation (2):
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ndt + Xaidx + Zbidy + Zcidz = ZRi
2 -
Iaidt + Zai dx + Zaibidy + Zaicidz Zaiki
4)
2 -
Zbidt + Zaibidx + Zbi dy + Zbicidz Zbiki
24z =
Ecidt + Eaicidx + Zbicidy + Zci dz ZciRi
where
a, = ati ; bi 2 ati 3 ey S 3':1 (5)
ax ay 3z
The improved origin time and hypocenter then becomes:
t +dt, and (x + dx, y + dy, z + dz) (6)
Now (6) may be taken as the next trial solution, and the same procedure
is repeated until some cutoff criteria are met.
In the case of S-P interval data, Ty and ti become the observed and
calculated S-P intervals respectively. Because there is no dependance on
the origin time, equation (2) becomes
R _3!:1 dx+atidy+at1dz+e )
i i
ax Ay 9z

and the normal equations (4) are modified accordingly.
Since the normal equations (4) are a set of 4 simultaneous linear
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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il1l-conditioned, and computational difficulties arise. In HYPO71l a new
method of finding the adjustment vector is introduced. Instead of carrying
out the traditional procedure (which is equivalent to a simple multiple
regression), a step~wise multiple regression is used. Equation (2) defines

the time residual R, as a function of dt, dx, dy, and dz. A statistical

1
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 is never ill-conditioned. Furthermore, convergence

to a final hypocenter solution is also more rapid.

4.2 Program Notes.

These notes serve as extended comments on HYPO71, 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 amalysis
(SWMREG), and is used only for tracing the computation of a given earthquake.
(3) AZWTOS: It performs the azimuthal weighting of stations by quadrants.
Each occupied quadrant is given an equal weight. The quadrants are set up so
as to minimize the number of quadrants without stations.
(4) BLOCK DATA: 1Initialize values for short-distance calculation, and for
various constants used in the program.
(5) FMPLOT: Plot first-motion pattern of the lower focal hemisphere in an
equal area projection. It 1is modified from subroutine PPROJ (NCER PROGRAM
LIBRARY No. S007) written by M. S. Hamilton. For each observation, we have
the azimuth a, 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 a = 180° + a 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 = 42 sin(8/2)
6= a

A symbol is plotted on the graph at the point (r,8). The symbol to be plotted
is determined by the following rules:
If SYM = C, then plot one of the following:

C 1If no other observation occupies the position (r,8).

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

A 1If two or more 'C' already occupy (r,8).

X 1If at least one 'D' already occupies (r,8).
If SYM = D, then plot one of the following:

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

E If one 'D' already occupies (r,6).

F 1I1f two or more 'D' already occupy (r,8).

X If at least one 'C' already occupies (r,6).
If SYM = + or -, it 1s plotted only if the position (r,8) is not occupied.
(6) INPUT1l: Read in heading card, reset test-variable list, station list,
crustal model, and control card. If any array dimension is exceeded, an
error message will be printed out and the program will then stop.
(7) INPUT2: 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. O0.1' 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.

Geiger's adjustments: A maximum of TEST(11) (p.9) iterations are
allowed in this DO loop 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 Appendix 4, p.97ff. 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 1is called to carry out a stepwise multiple regression

of the time residuals and obtain the adjustment vector (dx, dy, dz, dt) and
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its standard errors. If the horizontal adjustment, 1/dx2 + dy2?,

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 also 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. If the

hypocentral adjustment, yhxz + dy? + dz? , 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 until 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, y, z) once more.

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

1°
increasing value.

(12) SUMOUT: This subroutine prints a table of the number and percentage of
earthquakes in each quality class, Q, (see P. 26). 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

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

modified to the form:

3
e, = Yi - xo,i Bo - jfl BJ xj,i for i=1,...,n
where Y1 = Ri

Bo = dt; B1 = dx; B2 = dy; B3 = dz

- 3% ays x, = %1702

= 3% /3x; X -
;]

X 2,1

1,1

1l for P or S data

xo,l

'0 for S-P interval data

iy
!

n 2 n 3 2
let Q= I e, =L (Y, -X B -I B, X )
=1 1 gy L ol o ym1 1 73,1

By minimizing the sum of the squares, Q, the maximum likelihood estimates of

Bo, Bl’ BZ’ and B3 will be obtained.

Setting %%— = 0 yields these four equations. In the following 3 pages, repeated
- i
indices i imply summation over i =1, . . . , n.
- 37 -
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3

X, 4 % ¢ B +j£1 By X,y %y =%, Y
3

,1%,18 3 1 By X% 81 Y

3

2,0 %,0 % " B %1 %1%

3

X3,1 %,1 B *551 By X3 1 %,1 "% Yy

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

Of the n original equations let q be the number based upon S-P interval data.

Then set m = n - q.

xo,i xo,i =m

n
- 1
fine V, = = ¥ X v
Define 3 m {=1 o,i 3,1

Then:

B = § - B X
o T 1

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

equal 1, 2, or 3) becomes

3

Xi1Xa1?¥ +j§1 By %1 %5,8 "By X1 %0 X =% %

or 151 et K0 - %1% 8 =%, (O -X 0.
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But note that:

eyt ~%o,1 B0 Ky g X g X =% g Ky =X, X)+

-

Yo, Yot %3 % = %1 ¥y,1 %

= X, 1Ry - X g% XK - mK

The Kth equation can then be written:

3 . . .
jfl Bt "%, 1 X Gy X 1 X By Ryt Xy R -x D

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 solvéd by a number of
methods. Here we choose the abbreviated Doolittle method which is a variation
of theAuaual Gaussian elimination. At each stage in the elimination, we

make a decision as to what variable shall next be included in the regression.

The computational procedure is basically applying linear transformations

to the augmented correlation matrix A:

' Ry1 Ryg Ryg Ry, 0
i
 Ryp Ryp Ryg Ry 01 0
" Ryp B3y B33 Ry 0 0 2
A= Ry Rep B3R 0 00
;<1 0 0 00 0 0
;
!9 -1 0 00 0 0
o 0 -1 00 0 o0
{ }
n -~ -
I X, =X X)X, -X )
where R (=1 o1 0,1 7} xk,i 0,1 X

ik © _ -2 _ =2 1/2‘
[”"5.1 N L W R Y ]
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with the understanding that

X4’1 = Yi and X4 =Y,
In the program, we use
n - -
Six -iii(xj,i XK Ky X s K)

-~

"Xt B TR B P N X KR Ky

=K1K T Gy g Xy ) K X ) H K X - mX Xy

and set R,, = sjk

i 1172
[(Sﬁ) (S |

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 specified F-level. This is accomplished

by computing:

Fk = (¢ - 1) Vk/(A44 - Vk)

where ¢ is the degrees of freedom (n-l-number of variables in regression), and

Vie = Arahi/ My

If Fk exceeds the specified critical F-value (CF), then variable Xk enters the

- 40 -



regression by transforming the elements of matrix A in two steps. First we

compute

Ty ™ Y38 for 3=1,...,7.
Tij(i"k) = Aij - AikA'kj/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 variable from the regression we compute

2
Fre = O 1 (b kvd)

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/ Awi,k+6 for 4=1,...,7.

Ty PIR RV TR R

T (1) = Ay = Ay v/ Mers ks

for i=1,...,7 and j=1,...,7.
Then we replace elements of matrix A by that of matrix T just computed.
After all variables are examined, we obtain the regression coefficients and

their standard errors by
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'S,,/8
By = Ay, N 7447733

ey

E, =YSustraa’® Y Ay g0 543
where Sy = T (XX .) - (1X;) (X ,)/n
for j=1,...,4 and k=1,...,4.

The regression constant is then obtained by

3
B =Y~ L BK,.
o gup 39

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 observationms.

(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. Please see Appendix 4 (p.97ff.) for details.

(15) XFMAGS: This subroutine computes maximum amplitude magnitude (XMAG)
aﬁd F-P magnitude (FMAG) for each station. The former is computed according

to Eaton (1970). 1In brief:
XMAG = log(A/2C) - R, - B, + 32103(1)2) +C

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 = 1/t , where
is the period in sec.)
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B, = }

for 1 km < D < 200 km
B, = 0.80
2
51-33%

for 200 km < D < 600 km
B, = 1.50 |

D= Az + Z2 , where A 1s 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 = C1 + Czlog_F + C3A + v
where

C, = -0.87, or TEST(07)

qz = 2.0, or TEST(08)

C3 = 0,0035, or TEST(09)

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

vy = station FMAG correction.
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APPENDIX 1

A Listing of HYPO71

The following listing of HYPO71 is given in the EBCDIC (029) punched
code for an IBM 360 or 370 computer. Each subroutine starts at a new
page, and the number to the right of each FORTRAN statement is the
card sequence number. A brief index for the HYPO71 program is as
follows:

FUNCTION PAGE
MAIN Main Program 46
ANSWER Print results of regression analysis 48
AZWTOS Azimuthal weighting of stations 49
BLOCK DATA Initialize constants 51
FMPLOT First-Motion Plot 52
INPUT1 Input station list, crustal model, & control card 54
INPUT2 Input phase list 58
MISING Check Missing stations 60
OUTPUT Output hypocenter solution 61
SINGLE Hypocenter solution for a single earthquake 66
SORT Sort an array of numbers . 74
SUMOUT Output summary of time and magnitude residuals 75
SWMREG Compute Geiger adjustments 78
TRVDRV Compute traveltimes and derivatives 82
XFMAGS Compute amplitude and duration magnitudes 85

A copy of HYPO71 in either EBCDIC (029) punched code or BCD (026) punched
code in the form of punched cards may be obtained by writing to the authors.
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Comwwew= PROGRAM? HYPO71 (DEC, 21+ 19713 REVISED NOV. 2S¢ 1973) =recewee
INTEGFR#2 SYM
REAL®8 TIMEl+TIMEZ
REAL LAToLONYLAT29LONZ22LATFPsLONEP'MAGsLATRLONR
COMMON /A3/ NRES(2¢151)9yNXM{]1S1)eNFM(151)9sSR(29151) +SRSQ(Z+151)»

1 SRWT (29151) 9SXM(151) +SXMSQ(151)+SFM(151) 9SFMSQ(151) »ANO(4)
COMMON /AS/ ZTRyXNEARXFARePOSsIQsKMSsKFMy IPUNe IMAGY IR9GOSPA(9440)
COMMON /A6/ NMAXoLMAX NS NLIMMAXINRIFNO9Z 9 X(49101) 9ZSNINRPHDF (101)
COMMON /AT/ KPeKZsKOUTsWT(101) oY (4)sSE (L) +XMEAN(4) 9CP(180)4SP(180)
COMMON /AR/ CAL(101)+XMAG(101) 9FMAG(101) sNM9AVXMeSDXMyNF saAVFMy

} SOFMeMAGIKDX(10]1) s AMX(101) 9PRX(10]1)sCALX(I01)sFMP(10]1)
COMMON /A12/7 MSTA(101)yPRMK(101)sW(101) o JMIN(1I01)4P(101)0
1 RMK(101) sWRK(10])+TP(101)+DT(101),COSL(701)

COMMON /A14/ MHAK ¢MDOL +HL ANK yMSTARsDOT ¢STARG yQUESCRMK yMCENT, ISTAR
COMMON ZA1S/ Mol 9 JrsORGIJAVIPMINIAZRES(101) +NEARYIDXSoLATEPLONEP
COMMON /A17/ TIME] ¢ TIME29LATRILONRIKTESTIKAZIKSORTsKSEL 9 XFN

COMMON /A19/ KNOSIELV(IS]1) o TEST(IS) sFLT(2¢1S1)sMNO(1S51)sIW(151])

COMMON /A21/ KSMP (151) sFMNOsONF o8B (4) s IPHeKF s AVRPSH TEXIT

COMMON /A23/ AIN(101) +RMS.ADJISYM(101)

COMMON /A25/ INS(1S1)eIFW(151) e JPH
C-----------------o--------—-------------------------------‘------------
lemeccees RESET SOME LIMITS OF ERROR HANOLING FACILITY OF I8M FORTH cac=w

CALL ERRSET (20742562190}

CALL ERRSFT(2089256491+0)

CALL FRRSET(20992561+11+0)

CALL ERUSFT(251+42569140)

CALL ERNSET(25592560190)

Comwe==e SFET UP SINEF & COSINE TABILES FOR CALCULATING DISTANCES =w=e-wve=-

00 10 I=19180

PI=1¢,0349066

CP(1)=COS(PI])

10 SP(I)=SIN(PI)
DO 20 [=1,701
20 COSL(I)=COS((I=1)2,0017457)
30 MM=0 .
Comewe== INPUT STATION LISTs CRUSTAL MONELs» & CONTROL CARD ==vecemcenccwcca
40 CaLL INPUT]
IF(IPUN C£Qe 0) GO TO 44
WRITE (Te61) INS(1)eIFEW(])
41 FORMAT(* DATE ORIGIN LAT t9Al,? LONG 19A],? DEPTH M
146G NO GAP DMIN RMS ERH ERZ QM?)
Comwwoww= IMITIALIZE SUMMARY OF RESIDUALS =eccerwccccwccecccvsccscccacee
44 0O 48 L=14NS

NRES (1) =0

NRES (29+L) =20

NXM (L) =0

NFM(L) =0

SR{lsL)=0.

SR ( 2 .L ) 30 'Y

SRSQ(1sL)=0,

SRSQ(2+L) =0,

SRWT (1sL)=0.

SRWT (2+L) =0,

SXM (L) =0,

SXMSOQ (L) =0,

SFM(L)=0.

SFMSO (L) =0,

48 CONTINUE
DO 48 1=1,4

49 QNO(1)=0,
XFN=XFAR=XNEAR+(0,000001
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TIME1I=0,D+00 . 62.

S0 CALL INPUT2 63.
(eemnm=e TO PKOCESS ONE FARTHQUAKE mecececccccensmcccccccanccccnaccncscans §4,
IF (M .EQ. 1) GO TO 900 ‘ 6S.

IF (NR .GE. 1) GO TO 100 66,
WRITE (6455) 67.

S5 FORMAT( ///¢% #wvsad EXTRA BLANK CARD ENCOUNTERED ##essr) 68,
GO TO S0 ‘ 69,

100 CALL SINGLE 70,
IF (IFXIT LEQ. 1) GO TO S0 71.
Cemem=== COMPUTE SUMMARY OF MAGNITUDE RESIDUALS ==ec—mcccccccccnacacceces 72,
110 IF (JAV «GT. 1Q) GO TO S0 73.
DO 150 I=14NRP Th4,

IF  (XMaG(I) .EQ, BLANK) GO TO 120 75.
JI=KDX (1) 76,
DXMAG=XMAG(]) =AVXM 77.
NXM(JT)=NXM(J]) ) . 78.
SXM(JI)=SXM(JI) +DXMAG 79.
SXMSQO (JI)=SXMSQ (JI) ¢DXMAGH##2 80,

120 IF (FMAG(I) EQ, BLANK) 60O TO 150 81,
JI=KDX (1) 82,
NFMAG=FMAG(I) =AVFM 83,
NFM(JTI)=NFM(JT) *] 84,
SFM(JI)=SFM(J1) +DFMAG as,
SFMSU(J] ) =SFMSU(JI) *DFMAGH#2 86,

150 CONTINUF ~ 87.
GO TO S0 A8,

900 CONTINUE a9,
Cow===== ENO F ONE UATA SET: PRINT SUMMARY OF RESIDUALS & RETURN ====== 90,
caLL SUmOUT 91,

IF (MSTAa(NR+l) LEQ. MSTAR) GO TO 30 92,

M:l 93.

IF (MSTA(NRs1) LEQ. MNOL) GO TO 40 9%,

M=2 95.

IF (MSTA(NRel) LEQ. MCENT) GO TO 40 96,
STOP 97.

ENOD 98,
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Cee=~=== PRINT INTERMEDIATE RESULTS OF REGRESSION ANALYSIS (SWMREG)

c------—------------—----------~-------~------n------—--0‘---------------

400
410

450

5

10

20

30
«0

SUBROUTINE ANSWER(A9»SeXMEANSIGMAYIOXsPHIsL sMaMMyPF sNDXy ADX)

REAL®A AOX
DIMENSION A(747)+S(4,4)
DIMENSION XMEAN(1) »STGMA (1) 9 INX(1) 4B(4) yRSE (4) 9PF (1)

DO 410 I=1oMM

WRITE(6+400) (A(leJd)sd=1eMM)

FORMAT(7E18,8)

CONT INUE

FVE=1loa=A(MyM)

BO=XMFAN (M)

YSE=T77.17

IF (PHI +GEa 1) YSE=SIGMA(M)®SQRT(ABS(A(MsM)/PHI))
DO S I=1lsL

IF (IOX(I).EQR.,0) GO TO &

B(I)=A(IsM)® SQRT(ARS(S(MyM)/S(Is1)))
BSE(I)=YSE#® SQRT(ABS(A(I+MyIeM)/S(IsI)))
B0=B0-B(])*XMEAN(])

CONTIMNUE

WRITE(6+10) ADXINDXIFVE2YSEBQ

FORMAT (/s VARIABLE %9 ARy Teaoesceaccsasssssas??IS

29 /e' FRACTION OF VARIATION EXPLAINED..'yE18,8
3' R STANDQRD EQROQ OF Y.-............"EIS.B
by /+' CONSTANT IN REGRESSION EQUATION,,':.E18,8)

WRITE (6+20)
FORMAT (/s VARIABLE COEFFICIENT STANUARD ERROR?

Lot PARTIAL F=VALUE?)

DO 40 I=1sL

IF (INXtI1),EQ.0) GO TO 40

WRITE (6+30) LeB(1)yBSE(D) 4PF(I)
FORMAT (1543£2046)

CONTINUE

RETURN

END
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c----

c--—-

10

20

124

125

12¢

127

SUBROUTINE AZwWTOS .

wee AZIMUTHAL WEIGHTING OF STATIONS BY QUADRANTS weevcccccvaccscewe=
COMMON /A2/ LAT(1S]1)LON(1S]1)sDELTACLI01)DX(101)eNY(101)+T(101)
COMMON /AR/ NMAX3LMAX ¢NSeNL s MMAX ¢NR9FNO9Z o X(49101) 9ZSQONRPyDF(101)
COMMON /AT7/ KPeKZ+KOUTeWT(101)eY(4) 9SE(4) «XMEAN(4)sCP(180)+SP{180)
COMMON /A8/ CAL(101) ¢XMAG(101) +FMAG(101) ¢NMgAVXMySDXMeNF 9 AVFM,y
1 SDFMaMAGIKDX{101) 9AMX(101) 9PRX(101) +CALX(101)¢FMP(101)
- COMMON /A10/ ANIN(101)9AZ(101)+TEMP(101)9sCA(T71)4+CB(T])

COMMON /A13/7 JUX(1S1)eLDX(101)9KEY(101)»CLLASS(4)

COMMON /A2S5/ INS(1S1)+IEW(1S]1)+JPH

DIMENSION TX(6) s TXMN(GL) oKTX(4) +sKEMP(101)

DATA KS1eKW1/'Stytt/

J=0 :

00 10 I=1sNR

IF (WT(I) LEQ. 0s) GO TO 10

DXI=DX(1)

DYI=DY(])

IF ((DX1eEQe04) «AND.(DY!.EQ.04)) GO TO 6

JI=sKDX(I)

IF (INS(J]I) .EQ, KS1) DYI==DYI]

IF (IFW(JT) LEQ, Kwl) OXI==-DXI
AZ(1)=AMOD(ATANZ(DXTI.DYI)®S7,29578 + 360, 360,)

GO TO 7

AZ(]1)=999,

NENLD]

TeMP (U)=A2(])

CONT INUE

CALL SORT(TEMPIKEYeJ)

GAP=TEMP (1) +360,=TEMP (J)

16=1

DO 20 I=2+d

DTEMR=STEMP () =TEMP([~])

IF (DTEMP LLE. GAP) GO TO 20

GAP=DTENP

16=1

CONT INUF.

TX(1)=TEMP(1G) =0,5%GAP

TX(2)=TX(]1)+90.

TX(3)=TX(1)+180.

TX(4)=TXx(1)+270,

00 124 1=1v0

TXN(1)=0,

IF (TX(D) LTe 04) TX(I)=TX(I)+360,

IF (TX(I)eGTe360.) TX(I)=TX(])=360.

CCNTINUE

CALL SORT(TXeKTXe4)

DO 130 [=1¢NR

IF (WT(I) .EQ. 0.) GO TO 130

IF (AZ(]) +GT, TX(1)) GO TO 126

TXN(])Y=TAN(])]l,

KEMP (1) =1

GO TO 1130

IF (AZ(I) .GT. TX(2)) GO TO 127

TXN(2)=TAN{(2) ¢,

KEMP (1) =2

GO T0O 130

IF (AZ(I) «GT. TX(3)) GO T2 128

TAN(3)=TXN(3) 1,

KEMP(1)=3

GO TO 130
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128

130

150

IF (AZ(I) +GT. TX(4)) GO 7O 125

TXN(4)=TXN{(4) o1,

KEMP (1) =4

CONT INUE

AN=4 ' .
IF (TXN(1).EQs04) XN=XN=l
IF (TXN(Z’OEQOOO’ XN=XN=1
!F (TXN(J).EQOOQ) KNSXN"l
IF (TXN(4) 4EQ,04) XN=XNe]
FJ=J/XN

N0 150 I=1eNR

IF (WT (1) +EQG. 04) GO TO 150
KI=KEMP(])
WT(T)=WT (1) 2FJ/TXN(KT)
CONT INUFE

RETURN

END
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Cm====== INITIALIZE CONSTANTS IN COMMON STATEMENTS ==mcemecmceccssmccee=
COMMON /A6/ NMAXoLMAX NS eI sMMAXsNR9FNO929X(49101) eZSOWNRPSDF (101)

PO DNINE W

P OCDINPITPANAL WON -

1

BLOCK DATA

COMMON /A10/7 ANIN(101)4+AZ(101)sTEMP(101)+CA(71)4CBI(7])
COMMON /A13/ JDX(1S51)sLNX(10]1)+KEY(101) +CLASS (&)

COMMON /A14/ MBK ¢MDOL s HLANK ¢sMSTARDOT 9 STARSG 9y QUES s CRMK9MCENT ¢ ISTAR

CCMMON /7A227 F(21421)4G(a421)sH(2]1)+DEPTH(21) » IONE

COMMON /ZA24/ FLTEP+IPROLISTTToISKP (4) s AHEAD(12) oFLIMsAF (3) oNDEC

NDATA CA/ 1.,855365¢1.85536991.8553764+1,855383¢1,8553969],855414,
1.8565643421,R55458+1,R55487+1,85552041,855555+1,85559591,85563R,
1e8586H3+1,85573341,85573A11.85584241.855902+1,85596A+1,R56031,
14RSA10091,B5617301,85624R9]1.B56325+1.856404+1,.85648R4+1,856573
1e8566RA191.85675001,356843¢]1.B56937+1.857033+1,857132+1,857231»
1eB5737141.8574354]1,835753991.857A43:1,85775091.85785R1,857964,
1.85P0764+]1.8SH1844+1,85R8294+1,858403+11.8585121.858623+1.858734,
1.85R84241,854995191,R5906191.859170,1.859276+1.859384,41,859488,
1.85959241.8596954+) ,85979R¢] 4859ARF619]1.859995+1.860094+1,860187,
1086N27941.86036941.,860459+1.86054441,.660627+1.860709+1,860787,
1086“861'1.860934/

DATA CB/ 1.84280891,R42813+1.842830+1.8462R5891.84289R,1,842950,
1:8430110148430854]1.,R43170+1.84326541.843372+1.843488,1,843617,
1.84375591.84390391,844062+184423001.84440891.8445950]1.844792
1.8B46499R41,B4521391,845437¢]1.845668+91.845907+1.846153+1.,846408,
1eRGAAT041eBLAIIR]1,84721391.867695,]1.84778101,848073+1.848372,
16R4RATI,11.84898091.R6529049]14+849605,1.849922¢1.85024241.850565,
14850890,1.851217¢1,851543,1.851373,1.852202:1.852531+1.852860
1e8531RHe1BE35]1501.453R4201eH54165+14856448791.85480591.855122,
1eB5R43341,B8574241,856045¢1.856345,4]1.H566404]).85692R¢1.857212
14857690, 1,R5776201,85A802591.858783+1.858533+1.858775¢1.859008,

DATA MRR oDNOTesMSTARANDL 9 MCENT /! tet , Tyt Bategt G530, '/

DATA ISTIT/ZY e vy
DATA RPLANK ¢STARG4CLASS/? tatBaBDY 1A IRVt CH 1Dt/ QUES/'2V/

DATA LMAXGMMAXSNMAX/21 41019151/ 0CRMRKyISTARGIUNE/'CAL ot Rt 1] t/

DATA AMWFAD/? 1yt 1ot tyt 1yt 1ot ) ",
' 1yt 141 1yt 1yt vy
END
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212,
213,
214,
21S.
216,
217.
218,
219,
220,
221,
222.
223,
224,
225,
226,
227,
228,
229,
230,
231,
232.
2133.
234,
235.
236,
237.
238,
239,
240,
241,
242,
263.
244,
245,
266,
247,
248,



Crm=wwama PLOT FIRST=MOTION DIRECTfONS OF THE LOWER FOCAL HEMISPHERE
Co=====« IN EQUAL AREA PROJECTIONs WHERE C DENOTES COMPRESSION AND

SUBRQUTINE FMPLOT

Comaveoan D DEMOTES DILATAY!ON ---------------------ﬂ--v--‘------‘--------

1

1

INTEGER®2 GRAPH(95159) ¢ SYMy TEMP

INTEGER#2 BORNyBLANK PLYCReDOTsSIsA9BsCrDIELF+COsSNIUP

REAL LAT2,LON2sMAG

COMMOMN /4a%/ ZTR«XNEARIXFAR+POS»JQesKMS9yKFMs IPUNy IMAGe IRsQSPA(9+40)
COMMUON /A&6/ NMAXgLMAX NS NLIMMAX yNReFNOsZ9sG(49101)9ZSNsNRPeDF(101)
COMMON /A7/ KPsKZsKOUTsWT(101)4+0(4) +SE(4G) +XMEANI(4) sCP(180)+SP(180)
COMMON /AB/ CAL(101)+XMAG(101) sFMAG(IN]) yNMyAVXMySDXMeNF ¢ AVFM,

SOFMeMAGKDX (101) +AMX(101)sPRX(101) sCALX(101) oFMP{101)

COMMON 7210/ ANINC(IN1),aZ(101)+0000(101)+CA(71),+CR(7])
COMMGP: /AY1/ KOATE sKHR yKMIN9SECeLATIoLAT2+LON]9sLON29sRMK] yRMK2y
TGAPyDMINGRMSSOsFRHIQeWSsND 9 ANISQe INSTsAVReAARIN]T o+ KNST ¢ JHR
COMMON /A19/7 KNOGIELVIIS1) 9TEST(IS) sFLT(29151) ¢MNO(15]1)91IW(151)
COMMON /A23/7 AIN(101) +RMSeADJISYM(10])
COMMON 27425/ INS(1S1)+1FW{1S1)+JPH

DATA HONUIBLANKIPLoCRDOTySI/7 V00,0

Totatytatlyt 1010/

DATA AsRICIDIEIF sCNoSNJUP/ZIAV G IRT G 1Ct,IDTVEyIF1 0 X0 tNI Ot/
DATA NMOXsNOYeIXsIYINOY1 MOX2+MOY2/95959939124957948+30/

DATA PMAX ¢ XSCALE»YSCALE +ADD/3.937008+0.10106490,16964394,75/

Crmvnrmnewavcwnwnrrccnncravsnecncurcas

S FORMATI(ZX s J601Xe212eF6e291390=19FS420149'=?FS,25A19Fh.2vAl

10

0

1

NFMR=0
NQO=FNO
DO 1 I=]eNRP

IF (SYM(]I) LEN. SN)
IF (SYM(1) .FQ. BLANX)
IF (SYM(1) LEQ. UP)

NFMR=NFMRs]
CONTIMNUE
IF (NFMR LT, KFM)

SYM{(1)=BLANK

SYM(T)

RF TURN

WRITF(6+42) INS(1)IEW(Y)
? FORMAT(1H]ls* DATE

MAG NQ GAP DMIN
WRITE(6+5) KDATEeKHRIKMINGSECILATI sLAT2¢LONI+sLON2yRMK1+Z9RMK2

ORIG
aMS

GO T0 1

=C

IN
ERH

LAT ?,al,!
ERZ Q@ M)

1 MAG MOy [GAPsDMINIRIMSIERHISE (3) 9»Q 9 KNO

19F60 .22+ I301090FS,1eFS.292FS,191XsA101X011)

DO 10 I=1+NOKX

N0 1€ J=]1NOY
GRAPH (I 9J) =dLANK
VO 2n [=1,180
XK=RMAX®CP (1) +ADD
Y=RMAX®SP (1) +ADD
JX=X/XSCALE+*1,S
JY=Y/YSCALE+,S
JYSNQY=JY=].
GRAPH (JXsJY) =RB0RD
IT=NOX2=[X=]
GRAPH (ITeNOY2) =CR
[T=NOX2+[Xe]
GRAPH(ITsNOY2)=CR
IT=NOY2~1Y=1
GRAPM (NOX2y [ T)=S]
I[T=NOY2e+]lYel
GRAPH (NOX291T) =S1
DO S0 I=1,NRP

IF (SYM(1) +EQ. RLANK) GO TO SO

IF (AINC(I) +GT. 90.) GO TO 31

ANN=AIN(])
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LONG 'sdlo?

DEPTH

269,
250.
2S1.
252.
253,
254,
25S.
256,
257,
258.
259.
260,
261,
262.
263,
264,
265,
266.
267.
268,
269,
270,
271,
272.
273.
?lae.
27S.
276,
277,
278,
279.
280,
281.
282.
283,
284,
7?85,
286,
287,
288,
289,
290,
291.
292,
293,
294,
295,
296,
297,
298.
299,
300.
301.
302.
303.
304,
305.
306,
307.
308,
309,



AZZ=AZ(I)%,0174S33 . 310,

GO T0 32 3ll.

31 ANN=1RO0,=AINC(I) 312,
AZZ=(180.,+AZ2(1))*,0174533 313.

32 R=RMAXH#] ,4142149SIN(ANNS ,0087266) : 314,
X=Re#SIN(AZZ) ¢ADD 315,
Y=ReCOS(A2Z) +ADD 316,
JX=X/XSCALE+1,5 317.
JY=Y/YSCALE+ .S 318,
JY=NOY=yY¥=] 319,
TEMP=GRAPH(JX»JY) 320,
Come==NVER=-WRITE TEMP IF IT IS ENUAL TO BLANKsDQOTs®9¢40R =~ 321.
IF ((TEMP _ EQ.BLANK) ,OR, (TFMP,EQ.BORD) .OR, (TEMP,EQ,PL) 322.
1.0R(TEMP,EQ.CR) .OR, (TEMP.EQ.NOT)) GO TO 47 323,
Cwe==eTeMP IS OQCCUPIED SO TIF SYS(I)=+ OR = SKIP THIS STATION 324,
IF ((SYM(1).EQ.PL).OR.(SYM(I).,EQ.CR)) GO TO SO 325.

IF (SYM(]l) .EQ. C) GO TO 40 326,

IF (GRAPH(JXsJY) NE, D) GO TO 35 327,
GRAPH(JUX s JY) =E 328.

GO TO S0 329,

35 IF (GRAPH(JX+JY) NE, E) GO TO 37 330,
GRAPH{JX»JY) =F 331.

GO TO S0 332,

37 IF (GRAPH{JX+JY) LEQ. F) GO TO SO 333,
GRAPH(JX9sJY)=CD 334,

GO TO SO 335.

40 IF (GRAPH(JUX9JY) .NE., C) GO TO 43 336,
GRAPH (JAs JY) =8B 337,

60 TO S0 338,

43 IF (GRAPH(JX9JY) o NF, B) GO TO 4S 339,
GRAPH (JX s Y ) =A 3490,

GO TO Su 341,

aS IF (GRAP(JXeJY) LEN, A) GO TO SO 342,
GRAPH (JX s JY)=CD 343,

GO TO S0 344,

47 GRAPH(JX 9 JY)=SYM(]) 345,
S0 CONTINUE 346,
GRAPH (NOX24NOY2) =8ORD 347,
WRITE (64+61) 348,

61 FORMAT(1HD«AKTXe0(0") 349,
00 80 I=34NOY1 350,

IF (1 kU NOYZ2) GO TO 70 3s1.
WRITE(As65) (GRAPH({Js1) o J=1¢NOX) 3s2.

65 FORMAT (1M +20Xe95A1) 353.
GO TO 80 354,

70 WRITE(6¢75) (GRAPH({Js1) ¢ J=19sNOX) 355,
7S FORMAT(1IH +16Xe1270 t+9SAlst 90°) 156,
80 CONTIMNUE 357,
WRITE (6485) . 3s8.

85 FORMAT(A7X+?1801) 359,
RETURN ’ 360,
END 361,
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SUBROU

C======= INPUT STATION LIST+CRUSTAL MODELsAND CONTROL CARD ======-ecew=--
INTEGER HEAD/'HEAD?!'/

REAL®8

TINE INPUT}

TIMELlsTIMEZ

HEAL LATOLOMILAT2sLON2sLATRyLONR

COMMON
1
COMMOM
COMMOM
COMMON
COMMOM
COMMOM
COMMON
COMMON
COMMON
COMMOM
COMMON
COMMON
COMMON

/A1/ NSTA(1IS1)sDLY(2915)) 9FMGC(151) o XMGC(151) oKLAS(151)
PRR(1S5]1)sCALR(1IS1)2ICAL(ISI) 2IS(1S51) +NDATE(1S]1) +NHRMN(151)
Z7A27 LAT{1S51)4LON(1S1)+DELTA(IO01)+DX(101)eDY(101)T(101)
/AS/ ZTRGXNEARsXFARPOSIIOIKMS s KFMy IPUNsIMAGsIRQSPA(9940)
/867 NMAX oULMAX oNS oNL eMMAX I NRIFNOZ 9 X (40101)9Z2SNeNRPDF(101)
/A16/7 MBKMDOL 9BLANK ¢MSTARINOT»STARG +QUES sCRMK ¢MCENT» ISTAR
/A15/ MoeL 9 JrORGeJAVIPMINGAZRES(101) oNEARSINXS+L.ATEPsLONEP
/A16/7 KLSS(151)+CALS(1S]1) ¢MDATE(15]1) ¢oMHRMN(151) +IPRNISW
ZA177 TIMELSTIMEZsLATRILONRIKTEST ¢KAZ+KSORTsKSFL o XFN

ZA197 KNOGIELV(1S1) o TEST(IS) oFLT(2+15]1) sMNO(1S]) s IW(1IST1)
ZA207 VI21)eD(21) s VSQ(21) o THK(21) o TID(21+21)2D1ID(21921)
/8227 F(2192)1)9G(0492]1)9H(21) sDEPTH(21) » IONE

/A26/7 FLTEP+IPROLISTTToISKP(4) s AHEAD(12) oFLIMyAF (3) oNDEC
/A25/7 INS(1S1)s1EWL1S1) 9JPH

DIMENSION BHEAD(12)s ATEST(1S)

DATA 1

Do 350
ATEST(
350 CONTIN
WRITE(
300 FORMAT
IF (M~

Cromvanes INITIALIZE TEST VARIARLES N L L Ll L L L R e Y T T T

1 TEST()
TEST (2
TEST(3
TEST (s
TEST(5
TEST (A
TEST (7
TEST (R
TEST (9
TEST ()
TEST (1}
TEST (1
TEST(1
IFLAG=

Cm=e=e== INPUT RESET TEST=-VARIARLE CARDS AND SELECTION CARD ==e-=vceccce=

00 S5 1
READ (S
.6 FORMAT

11 IF ((ISweFQ.MRK) qUR. (ISWL,EQ,IONE)) GO TO 6
«NEo. HEAD) GO TQ 12

IF(ISw
Do 13

AHEAD (T11)= BHEAD(ID)

BleKN)oKW] /Y

I=1415
I) = 1.23456
Uk
6+300)
(1H1)
1) 1+100+200

)=0.lO
)=10,
V=2,
)=0,05
)1 =5,

)= &4,
)2-0."7
1=+2,00
)=+0,0035
0)=100,
1)=8,0
2)Y=0.5
3= 1,
0

=116
su) ISWeJds

To'Nt Wt/

o nan o o 0 an s s wn W D S D R D AP P W WP D U D P D s PGS W SR NS WD T T R T DD e R an B eGP P O W S W O e -

TESTJRHEAD

{24eT12s 129T169F9.4912A4)

I1=1y12

13 CONTINUE

GO TO
12 IFLAG=
ATEST(

-]
1
JY=TESTJY

S CONTINUE

6 WRITE(

14 FORMAT
WRITE (

Zz FORMAT
1%

6s14) AHEAD
{e0Xy12A4)
692)

(/7741 wwosswswas PROGRAM: HYPOT1 REVISED (11/25/73) wssssss

362,
363,
364,
365,
366,
367,
368,
369,
370,
371
372,
373,
374,
375,
376,
377,
378.
379,
380,
381,
a8z,
383.
384,
385,
386,
387,
38R,
389,
390.
391,
392.
393,
394,
395,
196,
397,
398,
3199,
400,
401,
402,
403,
404,
40S,
406,
407,
408,
409,
410,
411.
412.
413,
414,
41S.
416,
417,
418,
419,
420,
421,

/77/7913Xs*TEST(1) TEST(2) TEST(3) TEST(4) TEST(S) TEST(6 422.
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2) TEST(7) TEST(8) TEST(9) TEST(iO) TEST(11) TEST(12) TEST(13)') 423,

WRITE(6+93) (TEST(I)sI=1v13) 426,
3 FORMAT (' STANDARD '913F9.4) 425,

IF (IFLAG .EQ, 0) GO TO 8 A 426,

DO 16 1 = 1,415 . 427,
IF(ATEST(I) oNE, 1¢23456) TEST(I)=ATEST(I) 428,

16 CONTINUE 429,
WRITE(647) (TEST(I)sl=1913) : 430,

7 FORMAT (' RESET TO '+13F9,.4) 431,
Com=w=== SNIARE SOME TEST=VARIARLES FOR LATER USE ~e<eccececccccccccecec=es 432,
8 TEST(1)=TEST(1)#e2 433,
TEST(2)=TEST(2) 082 436,
TEST(4)=TEST (&) #82 435,
Commme== INPUT STATION LIST —ee-ecscesccccenncncacecreccanaccncenaneases 436,
[F (ISW «EQ. IONE) GO TO 10 437,

KNO=1 438,

WRITE (6499) 439,

9 FORMAT(/sb4Xs 'L STN LAT LONG Y9 ELV DELAY?'ySX 440,
19y'FMGC XMGC XL PRR CALR 1IC DATE HRMN?Y) 441,

GO TO 20 442,

10 WRITE(6+15) 443,

15 FORMAT(/94Xe'L  STN LAT LONG ELV M DLYl DOLY2'y 444,

1'  XMGC FMGC KL CALR IC  DATE HRMN?') 445,

20 DO S0 L=1,NMAX 446,

IF (ISw «FQ. IONE) GO TO 30 447,

READ(S925) IW(L) oNSTA(L) +LATIsLAT2+INS(L) +LON' sLON2yIEW(L) 9 IELVIL) 448,
1oDLY (1oL oFMGC (L) s XMGC (L) o+KLAS{L) yPRR(L) s CALR (') v ICAL (L) oNDATE(L) 449,

2y NHRMN (L) 450,
25 FUORMAT(1X oAl 08401 29FS.29A)19130FS.20Al0T49F6,294XeFSe292XeFSe291X 4S1,
1eI19FSe29F742¢1X9119SXe1600]14) 452.
IF (NSTA(L) JEGQs MBK) GO TO 60 453,

IF (INS(L) +ENQ. I81) INS(L)=KN] 454,

IF (IFWIL) oEQe IBLl) TEW(L)=KW] 45%,
WRITE(6e¢25) LoIW(L) sMSTAIL) sLATYIsLAT2+sINS(L) ¢sLONLoLON2yIEW(L) 456,
1oTELVIL) oNLY (1 9L) «FMGC (L) s XMGC (L) yKLASI(L) yPRR(L) sCALR(L) s ICAL (L) 457,
2oeNDATE (L) o NHRMN(L) 458,
26 FORMAT (T1593X0A10A0s T3 4FS,29A190]09FSe23sA19]SeFhe290X9FSe2s2X9FS5,2 459,
1901XeTl0F9420FTa291Xe119SX0]6914) 460,
GO T0 40 461,

30 READ(S+35) NSTA(L)vIw(L)oLATleATZ'INS(L)vLOMleONZvIFW(LivIELV(L) 462.
1oMNO (L) oDLY (1 9L) sOLY (2oL ) s XMGC(L) o FMGC (L) oKLAS(L) yCALR (L) »ICAL (L) 463,

2eNDATE (L) s NHRMN (L) 464,
35 FORMAT(AG ALl 9T241XeFS,2¢A15I3s1XeFS.2sA191495X011 465,
104F 6291 X011 9F6,291Xel192X916914) 466,
IF (NSTA(L) +EQ. MBK) GO TO 60 467,

IF (INS(L) EQ. I31) INS(L)=KN] 468,

IF (IFW(L) +EQ. IB1) IEW(L)=KWI] 469,
WHRITE(6e3A) LeNSTA(L) « IW(L) sLATYIsLAT2+INS(L) sLONL1yLON2yIEW(L) 470,
ToTELVIL) oMNO (L) oDLY (1oL ) sDLY(29L) o XMGC (L) oFMGC (L) yKLAS (L) sCALR(L) 471,
2¢ ICAL (L) oMDATE (L) o NHPMN (L.) 672,
39 FORMAT(1992XsAGeAlsI2s1X9FS,29A191491XeF5,2¢A191595Xs]1 473,
194F6,291X9119F6.251X91192X916914) 476,
an(L):O. 475.

40 LAT(L) =60, ®LAT1LAT2 476,
LON(L) =60, %L ON1+{ ON2 477,
MOATE (L) =MDATE (L) 478,
MHRMN (L) =NHRMN (L) : 479,
KLSS(L)=KLAS(L) . 480,
CALS /L) =CALR(L) 481,

S0 CONTIMUE 482,

WRITE (6455) - 483,
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SS FORMAT(///s' woaed ERROR: STATION LIST EXCEEDS ARRAY DIMENSIONT?)

sSTOP
60 NS=L=]}

Coe=em=e INPUT CRUSTAL MODFEl, w=ww==

190

105 FORMAT(///97Xs 'CRUSTAL. MODEL 1%9/+SXs*VELOCITY

115
125

130
13%

140

WRITE(64105) ’ .

N0 130 L=1sLMAX

READ(S+}115) V(L).D(L)
FORMAT(2F7,3)

IF (V(L) .LT. 0.01) GO TO 140
WRITE(69125) V(L) »D(L)

FORMAT (3X42F10,3)
DEPTH(L)Y=D(L)

VSQ (L) sV (L) #e2

CONTINUF

WRITE (6+135)

FORMAT(///y% #onaa ERROR: CRUSTAL MODEL EXCEEDS ARRAY DIMENSION')

STOP
NL=L=1
N1=NL~1

Ceemm==| AYER THICKNFSS THKsF & G TERMS

00 145 L=1N1
THK (L) =D (L+1)=D(L)

145 H(L)=THX (L)
Je=== COMPUTE TID AND DID

DO 150 J=]1eNL
G(1y ) =SURT (ARS{VSG () =VSQ(11) )}/ (V1) 8oV (J))
G(2+J)=SURT (ARS(VSQ(J)=VSA(2)) )/ (V(2) =V (J))
6(3yJ)=V(1)/5QRT (ABS(VSC(J)=VSQ(1))+0,000001)
Glas )=V I(2)/SNRT (ABS(VSN(J)=VSA(2))+0.000001)
IF (J «LEs 1) G(1sJ)=0,
IF (J JLE. 2) G(2+J)=0.
IF (J oLEs 1) G(39J) =0,
IF (\J .LE. 2) G(‘ooJ):O.
NO 150 L.=1sNL
FiLsJl=1.
IF (L «GE, J) FlLeJ) =2,

150 CONTINUE
DO 165 J=lsNL
DU 165 M=]eNL
TID(JsM) =0,

165 DIND(JeM)=0¢
00 170 J=1sNL
NO 170 M=JeNL
IfF (M .£Q, 1) GO TO 170
M1=M=]
DO 169 LL=1sM]
SQT=SORT (VSO (M) =VSQI(L))
TIM=THR (L) ®SQT/Z(V (L) ®#V(M))
DIM=THK (L) *V (L) /SQT
TID(JeMISTID(UoM) sF (Lo J)¥TIM

160 OID(JaM)=DID(JoM) oF (LsJ) #DIM

170 CONTINUE
IF (ISW JNE. IONE) GO TO 200

C==== VARIARLF FIRST LAYER

VC=V (1) #V(2)/SURT(VSQ(2)=VSQ(1))
DO 180 [=1sNS
FLT(Le1)=DLY(19])®VC+0(2)

180 FLT(2,I)=DLY{2+1)8VCeD(2)

DEPTH?Y)

Cromoncane !NPUT CONTROL CARD --:-------—------—---—-—---------------------

200 WRITE(6.205)
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R4,
485,
486,
487,
488,
489,
490,
491,
492,
493,
494,
495,
496,
497,
498,
499,
S00,
501,
s02,
503,
S04,
505,
S06.
S07.
S08,
509,
Si0.
Sll.
S12.
S13.
Sle,
515,
Sl6.
517.
si8,
519,
520,
G21.
522,
523,
S24,
S25S.
526,
527.
528,
829,
S30,
531,
532,
S33,
534,
§3S.
$36,
§37.
538,
S39.
S40,
S4l.,
S42.
Sa43,
S44,



205 FORMAT(///7+t ZTR XNEAR XFAR, POS 10 KMS KFM IPUN IMAG IR
19¢ IPRN CODE LATR LONR?Y)
READ(S59215) ZTRWXMEAR¢XFARIPOSeIQsKMS oKFMe IPUN9 IMAGs IRy IPRN
1oKTESToKAZ yKSORT yKSEL ¢sLAT1sLAT2sLON1sLON2

Q1% FORMAT(3FS,0eFS5.2971S91X941102(144F6,2))

WRITF (6+215) ZTRyXNEARIXFARIPOSsIQeKMSsKFMs IPUNy IMAGsIRs IPRN
1 oKTESTyKAZsKSORT ¢KSELsLAT19LAT2+LON1sLON2
LATR=A0,%LAT1+LAT2
LONR=60.*LON]1+LON2
IF (IR .€EQs 0) RETURN
DO 2a4n [=1y1R
READ(S9229) (QSPA(LIsJ) sJ=1+40)

225 FORMAT (20F4,2)
WRITE (6235) T14(QSPAL(TsJ)1J=1+40)

235 FURMAT (/9! QSPA({14114%) 2 '920FS.2¢/910X920FS,2)

2460 CONTINUE
RETURN
END
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565,
546,
S47.
Sa8,
€49,
550,
551.
552.
SS3,
55“.
555,
556,
557.
558,
559,
S60.
561.
562.



SUBROUTINE INPUT2 . ' 563,

Crmemnee [NPUT PHASE LIST eveaccccccccccccccwrccnccncsccas —aow - 564,
INTEGFR#2 SYM . S65.,
REAL®B TIMEl.TIME2 . 566,
REAL LAT2,LON2sLATERPLONEP MAG 567,
COMMON /A1/ NSTA(1S1)e0LY(29151)9FMGC(151) o XMGC(151) oKLAS(1531) 568,

1 PRRI15]1) +CALR(1S1)+ICAL(151)+1S(151) ¢NDATE(151) oNHRMN(1S]1) 569,
COMMON /A6/7 NMAX LMAXoNS+NLIMMAXeNReFNO9ZoeX(44101) 2ZSOsNRP+DF (101 ST0.
COMMON /AB/ CAL(101)¢XMAG(101)+sFMAG(LN]) ¢sNMeAVXMISDXMNF sAVFM, S71.

1 SDFMeMAGeKNX(101) o AMX(101)oPRX(101)+CALX(101) oFMP(101) 572,
COMMON /A10/ ANIN(101)+AZ(101)+TEMP(101)+CA(T1)CB(T7]) S73.
COMMOM /A11/ KUATE +KHR oKMINeSECsLATL1+LAT29LON] sLON2+RMK] yRMK2, S74.

| TGAP yDMIMN yRMSSQO4ERHSQeQSeND s ADISQ e INSToAVRIAARINI 9KNST o JHR S7S,
COMMON /A12/ MSTA(101) ¢PRMK(101) oW (101) o IJMIN(101)P(101) 576,

1 RMK(101) owrK(101)+TP(101)+DT(101)COSL(701) S77.

COMMON /A13/ JDX(151)+LDX(101)eKEY(101)eCLASS(4) 578,

COMMON /A14/ MBK+MDOL +BLANK sMSTARsNOT s STARG ¢ OUES + CRMK ¢MCENT» ISTAR 579,
COMMON ZA1S/ MsLoJsORGeJAVIPMINGAZRES (101) sNEARSIDXSoLATEPsLONEP  S80.
COMMON /A16/ KLSS(151) yCALS(151) sMDATE (151) ¢MHRMN (151) ¢ IPRN+ ISW 581,

COMMON ZA17/ TIME]l oTIME2+I.ATRILONRSKTESTeKAZ+sKSORT+KSEL 9 XFN 582.
COMMON /A18/7 S{101) oSRMK(101) 9WS(101)eTS(101)sNOS,QRMK(101) 583,
COMMOM /A19/ KNOYIELV(1S)1) s TEST(1S) oFLT(2¢151) sMNO(151)oIW{1S]) S84,
COMMON /4217 KSMP (15]1) +FMOJONF 9B (4) o IPHeKF o AVRPS TEXIT 585,
COMMOM /A23/ AIN{101) 9RMSsADJeSYM(]101) 586,
COMMON /A24/ FLTEPIPROWISTTTSISKP (4) s AHEAD(12) oFLIMeAF (3) +NDEC S87.
DIMENSION ICARD(20) G588,
o T T e I 1- T
10 PMIN=29999, 590,
IDXS=0 591,

DO 20 I=14NS 892,
KSMP (1) =0 593,

20 JOX(I1)=0n 594,
S L=1 595,
30 REAN(Se 399sENN=300) MSTA(L) +PRMK (L) oW (L) o JTIMESJIMIN(L) sP(L) »S(L) S96.
1eSRMK (L) o WS (L) 9sAMX (L) s PRX (L) vCALPICALXI(L) +RMK (L) oDT (L) +FMP (L) S97.
29AZRES (L) sSYM(L) sAS+ICARNZOARMK (L) » IPRO 598,
35 FURMAT(P2AGeTARF1,09T1001RsI2eF5.21T329FS,29A40T40,Fl.NeTa4sF4,0 599,
10F3e20FGa19T000FheloA3sFSe21F9¢NoT21084eT7TeA1eT329A64+T1920A4 A00,
2eTA39Al 1 TS eAG) 601,
IF ((MSTA(L) ¢EWeMSTAR) (ORL(MSTA(L) EQ.MDOL) 4ORs (MSTA(L) ¢EWMCENT)) 602,
160 TO 300 603,
IF (MSTA(L) EQ.MBK) GO TO 350 6046,

IF (CALX(L) oLTe 0,01) CALX(L)=CALP 605,

NO 40 I=14NS 606,

IF (MSTa4(l.) «FQds NSTA(I)) GO TO SO 607,

40 CONTINUE 608,
WRITE(6e45) ICARDMSTA (L) 609,

4S5 FORMAT(///4) #8808 1,004, ooead OELETED: 'yA4,* NOT ON STATION L 610.
1IsTY) 611,
GO 1O 30 . 612,

50 KDX(L)=I , 613,
LDX(L)=0 hla,
JOX(1)=] 615.

IF (FMPIL) LLEe 0s) FMP (L) =3BLANK 616,

IF (L +GT. 1) GO TO 60 617,
KTIME=JTIME 618,
KDATE=KTIME/100 i : 619,
KHR=KTIME=KNATE®]100 620,

60 IF (ITIME LEQ. KTIME) GO TO 70 621,
WRITE(6+65) ICARD 622,

65 FORMAT(///9) ©2and 1,204yt o000 DELETED! WRONG TIMED) . 623.
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GO TO 30

70 IF (RMK(L) oEQ. CRMK) GO TO 200
80 H(L)=(‘§9'W‘L) )/“.

IF (IV(I) +EQ, ISTAR) w(L)=0,
P (L) =60.2JMIN(L) +P(L}+BT(L)
WRK (L) =BLANK

IF (w(L) .EQ. 0.) GO 7O 90

IF (W(L) .GT. 0.,) GO TO RS,

Crowmce== SMP DATAS RESET “E!GHT ---------n---------------;--------------o

W(L)=(4,=WS (L)) /4,

KSMP (L) =1

IF(TP(L) +GEPMIN) GO TO 95
PMIN=TP (L)

NEAR=L

G0 T0 9S

A9 IF (TP(L) +GE., PMIN) GO TO 90

90

PMIN=TP (L)
NEAR=L
IF (AS +EQ. BLANK) GO TO 100

:------- S DATA - an D S T G G UD en GO Gn P R P AP D AP G5 WP WP EP G WP D Gp G WP an G D WP W EP ap BB D P v D w WP W = o B S o W O =

IDXS=1]

LOX (L) =1

WS(L)=(4.=WS (L)) /4G,

IF (Iw(I) LEC. ISTAR) wS(L)=0.

95 TSH(L)=602JMIN(L)»S{L)*DT (L)

100

L=Le]
IF (L .LT, MMAX) GO TO 30
WRITE(64+105)

105 FORMAT(///4t eonse FRPROR: PHASE LIST EXCEEDS ARRAY DIMENSION$ EXTR

1A DATA TREATED AS NEXT EARTHGUAKE?Y)
GO TO 30

200

IF (PIL) oNEe 0.) KLAS(I)=P(L)
CALK(T)=CALX(L)
TIME2=1.1140A*KDATE+ ] ,N+N4*KHR+],De02%JMIN(L)
IF (TIMe2 +Gt. TIMEl) GO TO 250

WRITE (64205)

205 FORMAT(///y' oenoncsvon THE FOLLOWING EVENT IS OUT OF CHRONOLOGICA

250
25%

300

350
400

1L ORDFR #unndoszoent)

WRITE (6¢295) KDATE +XHR 9o JMIN(L) ¢+MSTA(L) oXKLAS(I)sCALR(I)
FORMAT (///74" a2a0d 1,1641X92129" wovse CALIBRATION CHANGE FOR A4
1o KLAS 3 'sIlsty CALR = 94F4,1)

MDATE (1) =KDATE

MHRMN(I)=1009KHR+ JMIN(L)

TIMEL1=TIME2 !

60 TO 19

M=]

NR=L -1

RETURN

M=0

NR=_ =}

RETURN

END
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SUBROUT

c------- CHFCK MISSING STAT!ONS -.:-----‘------.-----------—-—‘----------

REAL®#8
REAL LA
COMMON
1

COMMON
COMMON
COMMON
COMMON
COMMON
1

COMMON
COMMO
lf
COMMON
1

COMMON
COMMQON
COMMON
COMMON
0AaTA KS

o m e o wnn e enwn s nmem e n s e e o ™ W e 0w P w M-

IHD=0
NJ=Je1l
TEMP (MY
TOEL=25
IF (MAG
00 30 1
IF (JUDX
AVL=(LA
M]=AVL ¢
M2=AvVL
DXI=(LO
DYI=(LA
NELI=SQ
IF (DFL
(o CHECK L
IF (INS
IF (1FW
AZ2l=AMO
IF (AZ1
Do 10 J4
I1F (A71
10 CONTTINU
J=NJ
20 EXGAP=T

iNE MISING

TIMEYl +TIME2

ToLONILAT2sLON2LATEP+LONEP +MAG

ZAL1/Z NSTA{1S1)+DLY(29151)+FMGC(151) 9 XMGC(151) ¢KLAS(151)
PRR(1S1)+sCALR(I1S]1) yICAL{1S1) s IS(1S1)+NDATE(15)) sNHRMM{151)
7827 LAT(151) 4LON(1S1)sDELTACIN1) oDX(101)eNY(101)sT(10))
/AS/ ZTRWXNEAR s XFARPOSsIQsKMS«KFMy IPUNy IMAGsIR,QSPA(9940)
/AR/ NMAX gULMAX NS oL aMMAXoNR9FNO9ZeX(49101)9ZSOsNRPsDF (101)
AT/ KPeKZaKOUTHWT(101)eY(4) sSE(G) s XMEAN(G) +CP(180)+SP({180)
Z7A37 CAL(101) ¢XMAG(101) oFMAG(10)) sNMyAVXMeSDXMINF s AVFM,
SOFMeMAGIKDX(101) oAMX(101) «PRX(101)sCALX{101)sFMP(]101)
ZA107 ANIN(LIO1)«AZ(101) s TEMP(101)9CAL(T71)4CB(T))

Z7A117 KDATE s KHR oKMTINgSFCoLATI sLAT29LONL 9sLON2 s RMK] ¢ RMK2,y
TOAP +DUINyRMSSNsERH D 9QSs AN s ADJSO e INST ¢ AVR4AARSNI 9 KNST o JHR
7A127 MSTA{10]1)+PRMK(10))sw{101)+JMIN(101)4P(101),

RMK(101) ¢ WRK(1N1)+TP{101)sNT(101),COSL(TO])

ZA137 JDX(1S51)+LDX(101) sKEY(L101) ¢CLASS (&)

/A147 MBKMDOL ¢« BLANK +MSTARINOTsSTARG»QUES»CRMK yMCENT s ISTAR
ZA15/ Mol g JsORG s JAVIPMINIAZRES(101) sNEARsINXSyLATEP+LONEPR
/A257 INS(1IS1)sIEW(1S]1) e JPH

1yKW1/79S, Wty

)=TEMP (1) 360,
cIMAGER2
oEQ, RLANK) TDEL=100,
=] 9NS
(1) +EQe 1) GO TO 30
T(T)+LATEP) /120,
1.5
10.21.5
*t{1)=LONEP) #CA(M]) «COSL (M2)
T(I)=LATEP)®CR(M])
RT(DX[#®2+DY[202)¢n,000001
I «67. TOEL) GO TO 30
ATITUDFE AND LONGITUNRE
(D FQ, KS1) OYI==DYI
(I FUe XKWl) NX1==DXI
D(ATANZ (DX]+0Y1)®#57,29578 ¢ 36069 360,)
oLEse TEMP(1)) A71=AZ1+360,
=20NJ ]
LTe TEMP(J)) GO TO 20
£

EMP(J)=TEMP (J=1)

ROGAP=TEMP (J) ~AZ]

TGAR=AZ
IF (T6A

[=TEMP (J~=1)
P LT. RNGAP) ROGAFP=TGAP

IF ((DEL.I.GT4NMIN) +AND, (RNDGAP.LT,30,)) GO TO 30

IF (A71
IF (IMD
WRITE (6
S FORMAT(
[HD=1
22 WRITE (6
25 FORMAT(

+GEs 360,) AZ21=AZ1-360,
FQs 1) GO TOQ 22

*5)

/7910X+*MISSING STATION DELTA AZIM EX=GAP RD=GAP')
025) NSTA(I) +DELIVAZI+EXGAPsRDGAP

21XeAG42FT74192F8,1)

30 CONTINUE

RETURN
END
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SUBROUTINF QUTPUT

INTEGER#2 SYM

REAL®8 TIMEl+TIME2

REAL LATLONILAT29LON2 L ATEPLONERPIMAG

ZA1/ NSTA{1S1)+DLY(29151) oFMGC(151) 9 XMGC(151) +KLAS(151)
PRR{1SI) oCALR(1S1) o ICAL(151) o IS(15]1) oNDATE(1S]1) oNHRMN(151)
ZA2/7 LAT(1S1)sLON(151)+DELTA(I01)sDX(101)eDY(101)T(10])
/057 ZTReXNEAR ¢ XFARsPOS»IQsKMSyKFMeIPUN IMAGs IRVQSPA(9940)
ZA6/ NMAXoLMAX NS/ _sMMAXeNRIFNO9ZsX(49101)92SNINRPIDF(101)
AT/ KPeKZyKOUT4WT(101) Y (4) 9SE (L) o XMEAN(4) 9sCP(180)+5P(180)
/7887 CAL(101)¢XMAG(101)+FMAG(10]1) sNMeAVXMySDXMNF 9 AVFM,
SOFMeMAGIKDX (101) +AMX(101) sPRX(101) +CALX(101)9FMP(]101)

COMMON
1
COMMON
COMMON
COMMON
COMMON
COMMON
1
COMMON
COMMON
1
COMMON
1
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMOUN
COMMON
COMMON
COMMON

/70307
/A11/

ANINCLIOY1) sAZ(101) s TEMP(101)+CA(71)sCRI(T7])
KDATE s KHR o KMIN9SECsLATI sLAT29sLON1¢LOMN29sRMK] sRMK2

IGAPsDMINJRMSSQsFRHyQ+QAS+QN9ANJISQAs INSTsAVRyAAR9NT 9yKNSTy JHR

/Al\2/

MSTA(10]1) sPRMK(101) sW(101)+JIMIN(101)4sP(101)

AMK(101) wWRK{101)+TP(101),0T(101)+COSL(701)

7813/
/81467
7815/
/8167
7817/
/a18/
/8197
/8217
7822/
7423/
/0247
/8257

JOX(1IS1)+LDX(101) oKEY(101)9CLASS(4)

MBK ¢MDOL + BLANK sMSTAR9DOT 9STARGyQUESyCRMK ¢MCENT 9 ISTAR
Moo JsORGy JAVIPMINGAZRES (101) ¢sNEARSIDXSsLATEP»LONEP
KLSS(151) +CALS(15]1) +MDATE (15]1) ¢yMHRMN (151) s IPRN» ISW
TIMELsTIME2+LATRILOMRIKTEST 9sKAZ+sKSORT I KSFL 9 XFN
S(101) sSRMK(101) 4WS(101)sTS(101) sNOSARMK(101)
KNOGIELVIIS1) o TESTIIS) oFLT (291511 sMNO(151)9IW(]15])
KSMP (1S1) oFMOWONF 9B (4) 9o IPHIKF s AVIPSsTEXIT
F(21921)eG(4e2]1)sH(2)) oDEPTH(21) 9 TONF

AIN(101) skMSsADJSYM(]101)
FLTEPsIPRO+ISTTTsISKP (4) sAHEAND(12) 9FLIMeAF (3) oNDEC
INS(IS1)2IEW(15]) 9 JPH

DIMENSTUN FMT1(32)9FMT2(24) sFMT3(32) +FMTL(16) sDEMP(101) 9SYMBOL (S)

ODATA FMTLI/ZV(1Xa et 6sAt 9] o2 090 20F 6001 ,20 1091 35A1 90 9FS,1902,5]1410,
PaAl gt g tFS, 209190l st g tFB,2%s e Alat s FAR2T142I30 00914y,
TI24F 1315 ,2¢041FG, 1%, PelFSelte?e2(179tX9AL?91)92A0,
P1oFS1 98 e202% 0130200 *FSo200% 9211 e9302F 19151004 0,12)10/
DATA FMT2/ % (JRe et 1X a2t et 12¢F 1900,200 9% [30A 9] oFSte? 200 gta,sAl0,
ToFSetgt20A1 s g FHatst20A10 01, 19'F6e2V 993019 [4,F0,

W N~

N =

'S,

1ot 9tF5,20,10, te'FS,1141, Vs FS,1 et e3AL0,0) v/

DATA FMI3/Z'(1Xe e AL gFtgtAh 1o et21000 9" 1XsAtgtay]lXt 921204 49a4F61,
Vo200 1otFHE,2 et g A29 " g?'Fae219V 9]0t et I39F 906,291 9112y ¥
PG 1990 sA ot gt IXeA gt 3g 3 0Jhy 19tF4) 000 9Alets?IXeAr,
Phays 314 0F6,209"9A2s'9'FG,2%90 Pet1FGe2tsteT6hets?Al) ¢/
DATA FMTA/Z Y (AGs " g1 3F 6.1 e 1ol X0 0098840 412F6,19124F5%91,19 '9'F6,2"y
YolXe?9tAde "o 1FAR2%'s's[T7s's! 2'eV[292% 0 Th4gAy0]) ty
DATA SYM] eSYM29F 1 sF24G10G2/70=090 |3 F6,219'FS,1190A6 eyt ASHI/
DATA FOoFSeF69G3eG4/Fa 1010y 13 'F6 219704 S4%A4L,y v/

wWnN -

1

DATA SYMBOL/

Vet 0y 020,0003020/,72N0T/90, 1/ 9KS1 o KW1/0S,0 W/

c--‘.---------O---------CQ-------O---O------------u------------------n---

IF ((IPRN.GE.?) 0R. (KP.EQ.1)) CALL XFMAGS

LAT]=LATEP/60,

LAT2=LATEP=60,%LAT1

LON1=LONEP/60.,

LON2=1I_ONEP=60,2LON1

ADJ=SHRT (ADJSA)

RMS=SQRT (RMSSQ)

JHR=KHR
OSAVE =
IF (ORG

ORG=0RG+ 3600,

KHR=KHR

S KMIN=0ORG/60.,0

ORG
oGE.

-1

0.) GO TO S
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c----

10

20

25

26
27
28

SEC=0RG=60.09KMIN .
ERH=SQRT (SE(]1)##2+SE(2) #22)
NG=FNO

RMK 1 =RBL ANK

HMK2=RLANK

RMKO=RL ANK

KZ=1 FOR FIXED DEPTH: ONF=0 FOR ORIGIN TIME BASED ON SMP'S

IF (ONF FQ, 06) RMKO=STARS

IF (K7 +EQs 1) RMK2=STARG

J=0

DO 10 I=14NRP

OXI=DXx(I)

NDYI=NY(I)

IF ((NDXTJFQe0.) e ANDJ(DYTLFQL04)) GG TO 6
JI=KDX (1)

IF (INS(JI) +EQs KS1) OYI==DYI

IF (IEW(JI) +EQ, KWl) DXI==DXI]
AZ(I)=A40OND(ATANZ (DX DY) #57,29578 + 360,9 360,)
GO T0 7

AZ(I)= 999,

CONT IMUE
AIN(I)=ARSIN(ANIN(T))®#57,29578

IF (AINUD) oLTe 04) AIN(I)=180,+AINID)
AIN(I)=1R0,=AIN(])

SwT=0,

IF (LDX(]) +EQe 0o} GO TO 8

KK=LDX (1)

SWT=WT (KK)

IF ((WT(I)eEQ.0,)sAND. (SWT,EQ.04)) GO TO 10
J=J+1

TEMP (U =a2(T)

CONTINUE

CALL SORT(TEMPIKEY.))
GAP=TEMP (1) +360,=TEMP (J)

DO 20 I=2.J

DTEMP=TFMP([)=TEMP (1=1)}

IF (DTEHMP 6T+ GAP) GAP=NTEMP

CONT INUE

IGAR=GAR+0,5

00 25 I=1.NRP

DEMP (1) =DELTA(I)

CALL SONT(DEMPsKEY sNRP)

DO 27 I=14sNRP

K=KEY!(])

SwT=0,

IF (LPX(K) LEQ. 0.) GO TO 26

KK=LDX (K}

SWT=WT (KK)

IF ((WT(K) oeGTa04s) sOR, (SWT.GTL0,)) GO TO 28
CONT INUE

DMIN=DEMP ()

[IOMIN=DOMIN+0,S

OFD=2Z

TFD=2.%2

IF (OFD QLYQ S.) 0F0=5.

IF (TFD LLT. 10,) TFD=l0,

JS=4

IF ((RMS,1.Te0450) «AND, (ERMHLELS.0)?) JS=3

IF ((RMS.LT40630) AN (ERHLEG245) ¢ ANDe (SE(3),LE.S40)) JS=2
IF ((RMS,LTe0e15) «AND o (FRHeLEe160) s ANDW (SE(3) yLE«2.0)) JS=21

JO=4
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3¢

S0

Y4

501
snz2

508
506
51
S3
S35
S4
A0

61

62

67

68

70

IF {(NO JLT. 6) GO TO 30 .

IF ((GAPJLE.1804) oAND, (DMIN,LELS0,)) JD=3
IF ((GAPJLE.13%4) «AND. (DMINLLE,TFN)) JD=2
IF ((GAPJLE. 904) s ANNL (DMINLLEL.OFD)) JD=1}
JAV=(JSeJN+l) /2 .

Q=CLASS (JAV)

QS=CLASS(JUS)

QD=CI.ASS (JD)
TIME2=SEC*1,0+02#<KMIN¢]1,D+042KHR*]1,D+06*KDATE
IF(IPRN L,EQ, 0) GO TO S2

IF (NI .nNEe 1) GO TO 60

IFINDFC .GEs 1) GO TO 60

IF (JUPH oFQ. 1) GO TO 60

KKYR=KDATE/Z10000

KKMO= (KDATE-KKYR®#10000) /7100
KKDAY=(KDATE~KKYR®10000-KKMO®*100)

JPH=]

IF(KSFEL) S01+501,505

WRITE(6+502)

FORMAT (/77)

GO TO S35

WRITF(64+506)

FORMAT (1H1)

WRITE(6+¢53) AHEADIKXKYR KKMO9sKKDAY s KHRyKMIN
FORMAT (/+30Xs12A464T112912¢0/7%91291/9%31294X912+780,]12)
IF( TIMF2 « TIME]l o6GT, =20,)GO0 TO 60
WRITE(6454)

FORMAT (t w#esens FOLLOWING EVENT IS OUT OF ORDER #wsana#y)
IF {((xP.EQsl) «ANDs (IPRN,EQ.0)) GO YO 67
IF (IPH +4£Q. 1) GO TO 62

WRITF(6e61) INS(]1)eIFW(1)

FORMAT(/+¢59X9s? ADJUSTMENTS (KM) PARTIAL F=VALUES STANDARD ERROR
1S  AGJUSTMENTS TAKEN't./4' 1 ORIG LAT t,A]l
29 LONG tsaly ' DEPTH DM RMS AVRPS SKOD
37 DLON DZ OLAT DLON DZ DLAT OLON DZ OLAT

)
IF (IPR4 EQ. 1) IPH=]

WRITE(6+63) NIWSECILATI oLAT2+LON)sLON2+¢ZsRMK243IDMINIRMS4AVRPS,
1 QSeXFaNDWFLIMIB(2) sR(1)sR(3) 9AF(2)sAF (1) sAF (3)9SE(2)+SE(1)

2 SE(3)sY(2)YeY(1)sY(3)

63 FORMAT(I3¢F6:20T30t=14F5,2,10s0=13FS5,29F6,29A19139FS,2¢F6,2

) 1 1XeAlsIl19Als13F6.2)

IF (KP ,f£Q, 0) GO TO 100
JINST=KN>ST®#10+ INST

IF (NM EFQs 0) AVXM=0, "

IF (NF EQs 0) AVFM=0,
FMT1(14)=F1

FMT1(19)=F2

FMT]1(21)=F2

FMT2(14)=F]

FMT2(20)=F2

FMT2(22)=F2

IF (MAG JNE. BLANK) GO TO 68
FMT1(14) =61

FMT2(14)=G1

IF (SE(3) .NE. 0,) GO TO 70
SE(3) =BLANK

FMT1(21)=G2

FMT2(22) =62

IF (FRH .NE, 0.) GO TO 72
ERH=BL ANK
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914,
915,
916,
917,
918,
919,
920,



FMT1(19)=G2
FMT2(20) =62
72 WRITE(6+75) INS(1)sIEW())
75 FORMAT(//, * DATE ORIGIN LAT 14Al,?

LONG teAls? DEPTH

1 MAG NO DM GAP M RMS ERH ERZ Q SOU ADJ IN NR AVR AAR NM A

2VXM SOXM NF AVFM SDFM (1)

B0 WRITE(6+FMTL)IKDATE s RMKQ «KHR ¢KMINSSECosLAT1 9SYM]1 oLAT29LON]1oSYM],LON2
1oRMK] ¢ ZoRMKZ2 s MAGINO s IDMIN IGAP s KNOsRMSIERHISE (3) 9Q+QSeSYM2,Q09sADJ

29 JINSToNRyAVRIAARJNM s AVXM ¢ SNDXMsNF s AVF M4 SDFMeNLT
IF (IPUM ,EQ. 0) GO TO 100

IF ((ORMK (1) NE.SYMBOL (4)) sAND« (QRMK (1) sNE.SYMBOL (S}))

1QRMK (1) =SYMBOL (1)
SYM3=SYMBOL (KNO+1)

WRITF(7+FMT2) KDATE sKHR ¢sKMIN9SECsLATI +SYM]I oLAT2+sLONYsSYM]1sLON2
19RMK] 9 Z o HMK29MAGINO 9 IGAP ¢4DMINIRMSIERHGSE (3) yURMK (1) +QsSYM3

100 IF (KP LEQ. 1) GO TO 105
IF(IPRN LLE. 1) GO TO 300
105 WRITE(64110)

110 FORMAT (/s STN DIST AZM AIN PRMK HRMN P-SEC TPOBRS TPCAL DLY/H) P
1=-RES P=wl AMX PRX CALX K XMAG RMK FMP FMAG SRMKX S«SEC TSO0BS S-RES

2 S=WT DY)

NO 200 I=1sNRP

K=1

IF (KSORT L,EQ, 1) K=KEY(I)
KJI=KDX (K)

TPK=TP (K) «0RG

IF (TPK 'LT. 0) TpszPK‘36OG.
FMT3(10)=F1

IF ((AZRES(K) (NE,DOT) sAND4 (AZRES (K) 4NE ,BLANK) ,ANO,

1 (AZRES (R) «NELZDOT)) GO TO 11l4
X(64K)=RLANK
FMT3(10) =Gl
114 RMK3=HLANK
IF (XMAG(K) +EQ, BLANK) GO TO 118
IF (ABS({XMAG(K) =AVXM) ,GE, 0.5) RMK3=STAR4
115 RMK&4=RLANK
IF (FMALI(K) LEQ, BLANK) GO TO 130
IF (ARS(FMAGI(K)=AVFM) ,GE. 0,5) RMK4=STARS
130 FMT3(17)=F4
FMT3(21)=FS
FMT3(22)=F4
FMT4 (R) =F1
FMTA(11)=F1
IF (XMAG(K) oNEL BLANK) GO TO 160
FMT3(17)=63
FMT4(R)=G1
160 IF (FMAG(K) o NE., BLANK) GO TO 162
FMT3(21) =G4
FMT3(22) =G3
FMT4(11) =Gl
162 FMT3(26)=F]
FMT3(2”8) =F6
IAZ=AZ(K)+0,S
IAIN=AIN(K)+0,5
IAMX=AMX (K)
IPRX8100.°PRX(K) +0,.5
IFMP=FMP (K)
IF (LDX(K) NFE. 0) GO TO 153
Cm====CHECK FOR SMP DATA
IF (KSMP(K) +EQ. 0) GO T0 165
SRES=X(44K)
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921,
922..
923,
924,
925.
926.
927.
928,
929,
930,
931,
932.
933,
934,
935S,
936,
937,
938,
939,
940,
941,
942,
943,
944,
945,
946,
947,
948,
949,
850,
9S1.
952.
953,
954,
955,
956,
957,
958,
959,
960,
961,
962,
963,
964,
965,
966,
967,
968,
969,
970,
971,
972.
973.
97“'
97S.
976,
977,
978,
979,
980,
981,



RMKS=RLANK
SwT=11l11l.
TSK=S (K) =P (K)
GO TO 1k8

163 KK=LDX(K)
SRES=X (4 9KK)
RMKS=WRK (KK)
SWT=WT (KK)

164 TSK=TS(K)=0RG
GO TO 1648

165 S(K)=RLANK
TSK=8LANK
SRES=RLANK
RMKS=RL AMNK
SwT=HLANK
FMT3(26)=61
FMT3(28) =63

168 FMT3(30)=F1
DLYK=DLY (KNOsKJI)
IF (ISW JEQ, IONE) OLYK=FLT(KNOyKJI)

DIK=DT (K}
IF (DTK NEs, 0s) GO YO 170
DTK=RBlL ANK
FMT3(30) =61
170 WRITE(6+FMT3) MSTA(K) yDELTA(K) s TAZsIAINIPRMK (K) 9 JHReJMIN(K) 9P (K)
ls TPKoT(K) sDLYK e X (4 9K) s WRKIK) yWT (K) s 1AM; » IPRXsCAL (K)

CyKLAS(KJII) o XMAG(K) s RMKIJRMK (K) 9 IFMP 4FMAG (K) ¢ RMX4 9 SRMK (K) ¢S (K)
e TSKISRESsRUKS+SWTeDTKy IW(KJII)
IF (IPUN (NE. 2) GO TO 200
ISEC = 100.%SEC
WRITE(7eFMT4) MSTA(K) sDELTA(K) ¢AZ(K) s AIN(K) s PRMK(K) s TPKe X (49K)
1owWT(K) g AMAGIK) ¢ RMK (K) o FMAG (K) o KDATE s KHRIKMINS ISECsKJI +SYM]
200 CONTINUF
IF (IPUN (NE. 2) GO TO 300
. WRITF(7+205)
205 FORMAT (' $%%°1)
300 KHR = JHR
OrG = 0SAVE
RETURN
END
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983,
984, -
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987,
988,
989,
990,
991.
992,
993,
994,
995,
996,
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998,
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1002,
1003,
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1007,
1008,
1009,
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1016,
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1020,
1021 o



SUBROUTINE SINGLE 1022,
c----n--- SQL('tIoN FOR A SINGLE EARTHQUAKE - e D D W T WP TP D " W D DD T WD D e s w 1023.

INTEGER®2 SYM 1024,
REAL®AR TIME1»TIME2 . 1025,
REAL LATRTs LONRTs LATSV, LONSY 1026,
REAL LATSLONSLATZ29LON2,LATFEP+LONEPYMAGILATRLONR 1027,
COMMON /A17 NSTA(151)+DLY(20151) +FMGC(151) 9XMGC(151) oKLAS(151), 1028,
1 PRR(151)+CALR{1IS1) s TCAL(1S1) 9 IS(151)4NDATE(151) sNHRMN(151) 1029,
COMMON /74727 LAT(151)+LUNCIS1) +DELTACLI01)sOX(101)eNY{101)9T(101) 1030,
COMMON /A3/ NRES(2¢1S1) ¢sNXMIIS1) eNFM(1S]1) eSRI2+151)+SRSQ(2+151)y 1031,
1 SRWT(2+15]1) sSXM,151) +SXMSN(151) +SFM(1S1)+SFMSQ(151)+QNO(4) 1032,
COMMON /AS/ ZTRsXNEARAFARPOSIIQsKMSIKFMsIPUNSIMAGYIR4WQSPA(9,440) 1033,
COMMON ZAAR/ NMAX G LMAX ¢NS oML sMMAXSNRIFNOD 9 Z o X(49101)9ZSQeNRPDF (101)1034,
COMMON /A77 KP+KZsKDUTWT (101)sY(4)+SE(4) o XMEAN(4)+CP(180)9SP(180)1035,
COMMON /aR/ CAL(101) ¢XMAG(101) +FMAGI10]1) sNMyAVXMSDXMINF ¢ AVFM, 1036,
1 TSOFMIMAGeKDX(101) «AMX{101) +PRX(101)9CALX{1I01)sFMP(101}) 1037,
COMMON £a10/7 ANIN(IO0Y)sAZ(101)sTEMP(101)+CA(T71)+CBR(7]) 1038,
COMMON /A11/ KUATE ¢KHRoKMINsSECILATI +sLAT2sLONT+LONZ2sRMK] +RMK2, 1039,
1 IGAP yDMINRMSSQ4ERHsQ90SsAD s ADJSW s INSToAVRAARWNIWKNST s JHR 1040,
COMMON /A12/7 MSTA(101) oORMKILINT) oW (101) 9 JMIN(101),P(101), 1041,
1 RMK (101) ¢sWRR (1014 TPI101)4DT(101),COSL(T701) 1042,
COMMON /A13/ JOX(1S1)el IX(101)9KEY(101) sCLASS(4) 1043,
COMMON /A14/ MBK yMDOL ok ANKsMSTARINOT +sSTARSG sQUES»CRMK+MCENTWISTAR 1044,
COMMON /A15/7 MsL s JoORGy IAVIPMINIAZRES(101) o NEARYINXSHLATERPLONEP 1045,
COMMON /A16/ KLSS(1S1) ALS(151) sMDATE(1S]1) +MHRMN(151) 9 IPRN+ISW 1046,
COMMON /A17/7 TIMEl o+ TIME2 4 LATR4LONRSKTEST ¢KAZsKSORTwyKSFEL 9 XFN 1047,
COMMON /A187 S1101)eSRMK(101) +oWS(101)eTS{101)+NOSIQRMK(101) 1048,
COMMON /4197 KNOGJIELVI1IS]) o TEST(1S) ¢FLT(2¢151) ¢MNO(1S]) 91w (151) 1049,
COMMON /A207 V(21)+4D(21)eVSQ2]1)2aTHK(21)+TID(21+21)0D1D(21421) 1050,
COMMON /A21/ KSMP (151) +FMOWONF 9B (4) s IPHIKF 9 AVRPSHTEXIT 1051,
COMMON /A22/ F(21421)9G(4s21) sH(2]1) +DEPTH(21) ¢« IONE 1052,
COMMON /A237 AIN(CINY) oMSeANJISYM(101) 1053,
COMMOM /8247 FLTEPSIPROSISTTTIISKP (4) s AHEAD(12) oFLIMyAF (3) oNOEC 1054,
CUMMON /A25/ INS(1S1)+!FW{151)sJPH 108S,
DIMENSION SUMI(IS) ¢ YSAVE (4) 4WF (41) sALZ(10)4LA(10),LO(10) 1056.
DATA WF/QQS'OQ"SQOQ‘)500.9‘500.95'0.95'0.9“'009“.009“'0.93. 1057.
l 0.9?00.92.0."100.9060.88;0.8700.35'0.9300.ﬂ000.770 lﬂ%ﬂ.
2 "’.73.0.609()'6‘6‘0.5900.‘;3'0.“700'“190.3“.0028'0.23’ 1059.
3 no]800.14900‘.,.'0.0300'0600.0“Q0.n39000200001!000100./ 10600
DATA LA/1+lolelaCeQo=lo=19=l0=1/y 1061,
1 LO/Z+1e=]loels=14000)21v=10*1l9~1/> 1062,
rd AL]./‘IOOO"I00’*1oO"loO"l0732.‘107320"1UOQ'IOO"IUO"};OO/ 1063,
o L L E L LD L ettt S DL L DL E DL DL L LD TS ) 1. T
AVRPS = 0.0 106S,
IEXIT=0 ' 1066,
LATRT=0, 1067,
ZRES=P (NR+ 1) 1068,
KNST=UMIN(NR+1) /10 1069,
INST=UMIN(NR+]1)=kKNST#»10 1070,
NRP=NR 1071,
30 IF (INXS ,EQ. 0) GO TO A0 1072,
Cewewwc=e TREAT S DATA BY AUGMENTING P DATA —=we==- - - ce==]1073,
NOS=0 1074,
DO 65 I=1+NRP 107s,
IF (LNX(I) +EQ., 0) GO TO 65 1076,
NOS=NQS+] 1077,
NRS=NRP+NOS : 1078,
TPINRS)=TS(]) 1079,
W(NRS)=WS (I) 1080,
KSMP (NRS) =0 1081.
IF ((KNST.N?.I).AND.(KNST.NE.6)) W(NRS) =0, 1082,
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o

KDX (NKS) =KOX (1) 1083,

LDX(1)=NRS 1084,

WRK (NRS) =BLANK 1085,

65 CONTINUE 1086,
NR=NRP+NNS 1087.
Coewwe~a INITIALIZE TRIAL HYPOCENTER ereacesccaccccccccacccccccwccscese=] (88,
B0 K=KDX (NEAR) ) 1089,
SVY]l = 0,0 1090,
SVY2 = 0.0 ) 1091,
SVY3 = 0.0 1092,
ERLMT = 0, _ 1093,

NO 25 1 = 1,3 1094,
ISKP(T1)=0 1095,

25 CONTINUE 1086,
LF (INST NE. 9) GO TO 90 1097,
READ(S¢RS) ORGL+ORG2sLAT1WLAT2,LON1LON2yZ 1098,

85 FORMAT(FS.09F5421I51FS542¢1542F5,2) 1099,
ORG=60,*O0RG1 ¢ ORG? 1100,
LATEP=60.2LAT]1+LAT2 1101,
LONEP=60,%LON]+LON2 1102,

GO T0O 108 1103,

90 IF (NR ,GF. 3) GO 7O 100 1104,
96 WRITE (6497) 11085,
97 FORMAT(///s' wavea INSUFFICIENT DATA FOR LOCATING THIS QUAKES?') 1106,
1F({ NRP +FQe 0 ) NRP = | 1107,

DO 9R L=1sNRP 1104,

98 WRITE(6¢99) MSTA(L) «PRMK (L) o KNATE WKHR s JMINIL) #»P (L) oS (L) 1109,
99 FORMAT(SX¢2A491Xe]60212:F5,2¢7XeFS5,:2) 1110,
IEXIT=1 . 1111,

IF (NRP +EQs 1) RETURN 1112,

GO TO S§75 1113,

100 2=2TR 1114,
IF (AZRFS(NRPe]l) NF, HLANK) Z=ZRES 1115,
ORG=PMIN=7/S5,.~1, 1116,
IF(LATRT.FQ.,0,) GO TO 102 1117,
LATEP=LATRY 1118,
LONEP=LONRT . 1119,

GO TO 109 1120,

102 IF (LATR .EQ. 04) GO TO 104 1121,
LATEP=LATR 1122.
LONEP=LONR 3 1123,

GO TO 105 1124,

1046 LATEP=LAT(K)+0.1 1125,
LONEP=LON(K) +0,.1 1126,

105 ADJS@=0, 1127,
1PH=0 1128,
NDEC=0 1129,
PRMSSN=100000, 1130.

IF (ISW .EQ., IONE) KNO=MNO(K) 1131.
[F{ISW «EQe IONE) FLTEP=FLT(KNOJK) 1132,
NIMAX=TEST(11)+,0n01 1133,
Comemmewe GEIGFR'S ITERATIUN TQ FIND HYPOCENTRAL ADJUSTMENTS eewseccceceee-]]3s4,
109 NI =1 113S.
IF (INST .EQ. 9) NI=NIMAX 1136,

111 IF(ERLMT L,EQ, 0,) GO TO 110 1137.
LATEP = LATSV + LA(NA)®QELAT 1138,
LONEP = LONSV + LO(NA)®DELON . 1139,

Z = ZSV + ALZ(NA)®DEZ 1140,
IF(Z +LTe 04) 2=0, 1141,
110 FM0=0, 1142,
FNOSO. 11“3.



D0 112 I=1,5, 1144,
112 SUM(1)1=0, . 1145,
C-===-== CALCULATE EPICENTRAL DISTANCE BY RICHTER'S METHOD ===ceme==c-==]146,

00 120 I=)1eNR 1147,
JI=KDX (1) 1148,
AVL=(LAT(JI)+LATEP) /120, 1149,
Ml=AVL*1.5 1150,
M2=AVL®10,¢1.5 o 1151,
DX(I)=(LOM(JI) =LONEP) #CA (M]) #COSL (M2) 1152,
DY(I)=(LAT(JT)=LATEP) #CH (M]) 1153.
DELTA(I)=SQRT(DX(1)4#2anY(]1)#%2)¢0,000001 1154,
WT(I)=w(l) 1155.

IF (N1 JLE« 1) GO T 115 1156,
Commma== NISTANCE WEIGHTING wacacecccccccaccvencecccorcnacccccsarcnene=— -1157,
IF (DFLTA(I) .LE. XNEAR) 60O TO 115 1158,

WTLI) =N () #(XFAR=DELTA(I))/XFN 1159,

IF (WT(I) LT, 0.,005) wT(I)=0, 1160,

115 IF (WT(I) LEQ. 0,) GO TO 120 1161,
IF (KSMP () .EQe 1) FMOzFMOe+l, 1162,
FNO=FNO+1, 1163,
SUM(4)=SUM(4) +WT(T) 1164,

120 CONTINUE 1165,
IF (FNO o1.T. 3¢) GO TO 46 1166,
AVWT=SUM(4) Z/FNO 1167,
Comme=== NORMALIZE NISTANCE WEIGHTS ececccccccccccccccnacccascaes cmcnwe=]1168,
SUM(4)=0,0 1169,

D0 122 I=19NR 1170,

122 wWT(I)=WT([)/AaVWT 1171,
IF ((N]JLF.2).0R,(KAZ.EG.0)) GO TO 130 1172,
Cowommeme AZIMUTHAL WEIGHTING =ww== D T e S R A
CALL AZwTnS 1174,
Conone == COMPUTE TRAVEL TIMES R DERIVATIVES =cewcccaccau=- cnmemmeccncanae=]]175,
13n ZSQ=Zeup 11746,
CALL TRVIDRV 1177,
FoLY=1, 1178,

IF (ISW ,FQ, TONE) FDLY=0, ' 1179,
Ce====== CALCULATE TRAVEL TIME RQESINUALS X(4s1) & MODIFY THF DERIV'S ==~1180,
140 DO 150 I=1sNR 1181,
JI=kDX(I) 1182,

IF (1 oLE. NRP) GD TO 145 1183,
Coesmane § PHASE DATA evececercccccacccccccanccrcccccesccscnesemerecee==] 184,
T(1)=POS*T(]) 1185,
X{1e1)=POS®X(1s1]) 1186,
X(2¢1)=POSHX(24]) 1187,
X(3s1)=POSHX(391]) 1188,
X(asD)=TP(I)=T(])=-ORG=POSHDLY (KNOsJ1) #FDLY 1189,

GO 70 150 1190,

145 IF (KSMP(I) .EQ, 0) GO TO 146 1191.
Cromense S=P JATA eceecocccsccecncacccrcnccernacerernccsnerennecancanee=] 192,
X{1el)=(P0S=1,)2X(1s1) 1193,
X(291)2(POS=1,)9%x(2+1) 1194,
X(3+1)=(PNS=1,)®X(3s1) 1195,
X(4sI)=TS(1)=TP(I)=(POS=1,)2(DLY(KNOJI)SFOLY+T(I)) 1196,

GO 7O 150 1197,
Cowmmaee P TRAVEL TIME RESINUAL wweccccccccaccccccccacccccaccncassac=sa=]]98,
146 X(491)=TP(I)=T(1)=0ORG=DLY(KNO+JI) *FOLY 1199,
150 CONTINUE . 1200,
Cr=vw=a= COMPUTE AVRs AARy RMSS0y & SOR m~ccecccccscccwcacceccas iccwcsaes=]201},
ONF=0,0 1202,

D0 152 I=1,NR 1203,

ONF = ONF ¢ WT(I)®(1=KSMP(])) 1204,
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XWT = X(6s1)*WT(]) ' 1205,

SUM(1)=SUM(]) ¢XWT 1206,
SUM(2)=StIM(2) s ARS (XWT) ' 1207,
SUM(3)=SUM(3) +X (&) #XWT 1208,
SUM(5)=SUM(S) s XWT® (1 =KSHMP(T)) 1209,

152 CONTINUE 1210,
IF(FNO GT. FMQ) AVRPS=SUM(S)/(ONF) 1211,
AVR=SUM(1) /FNO ’ 1212.
AAR=SUM(2) /FNO 1213,
RMSSQ=SUM(3) /FNO 1214,
SDR=SORT(ABS (RMSSN=AVR##2)) 1215,

DO 153 I=1+H 1216,
SUM(I)= 0,0 1217,

153 CONTINUE 1718,
IF (RMSSNO ,GE, TEST(1)) GN TO 1S4 1219,

IF (ERLMT LEQs l4) GO TO 167 1220,
IF(INST.EQ.9) GO TO 501 1221,

IF (NI +GE. 2) GO 70 167 1222,

GO T0 165 1223,
Comenewe JEFFREYS! WEIGHTING ewcccccncccccwcrccaccercnnceccsncnancnvenase]224,
154 FM0O=0, 1225,
FNO=0, 1226,

D0 160 I=1sNR 1227,

WRK () =RLANK 1228,

IF (WwT(l) .EQ, 0,) GO TO 160 1229,
K=10.2A85(X(49])=\VR)/SNR+1,S 1230,

IF (K oGT, 41) K=~} 17231,
WT(L1)=WT(1)#®WF (K) : 1232,

IF (K +GT, 30) WRK(])=STARS 1233,

IF (WT(D) +LT., 0.005) WT‘I’=OQ 1234,

IF (WTL(]) EQ. D,) GO TO 160 1235,

IF (XSMP (1) +FQs 1) FMO=FMQel, 1236,
FNO:FNO‘]. 1237.
SUM(4)=SUM{4) eWT(T) 1238,

160 CONTINUE 1239,
IF (FNO .LTs 3.) GO TO 96 1240,
AVWT=SUM(4) /FNO 1261,
SUM(4)=0,0 1242,
ONF:OQO k?.“B.

N0 164 I=19NR 1244,
WT(I)=WT{])/Z7AVWT 1245,

ONF = ONF o WT(I)®#(1=KSMP(I)) 1246,
XWT=X(4e1)RWT (1) 1247,
SUM(S)=SUM(S) ¢ XwT2 (l=KSMP(])) 1248,

164 CONTINUE ) 1249,
Comemec=e RECALCULATE AVRPS ~ececccccceccccccccccersecrcacaecceccsncccacan==]250,
IF(FRLMT L,EQ. ls) GO TO 163 1251.
IFCINST oNE, 9) GO TO 163 1252,
AVRPS = 0,0 1253.
IF(FNO JNE, FMO) AVRPS = SUM(S)/ONF 1254,

GO TO S01 125S.

163 IF(FNOLFQ,FMO) AVRPS=0,0 1256,
IF(FNOLJEQ,FMO) GO TO 167 1257.
AVRPS=SUM(S) 7 (ONF) 1258,
SUM{S)=0,.0 1259,
IF(ERLMT LEQ. 1.) GO TO 167 1260,
Coeacwaes RESET FIRST ORIGIN TIME ceccceccccemcasccarcancccaesscencxes=e==]26],
IF(NILGE. 2} GO TO 167 1262.

1685 ORG=0ORG+AVRPS 1263,
DO 166 I=1sNR 1264,

IF (KSMP{1) +EQ,s 0) X(&4sI)3X(4s])=AVRPS ) 1265,
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AKWT=WT(1)eX(4s]) . 1266,

SUM(S)SSUM(S) s XWT® (1 « KSMP(I)) 1267,
SUM(2)=SUM(2) +ABS(XWT) 1268,
SUM(3)=SUM(3) e X (4e]1)2XWT ) 1269,

166 CONTINUE : 1270,
IF(FNO ,GTe FMO) AVRPS=SUMI(S)/ (ONF) 1271,
AAR=SUM(2) /FNO 1272.
RMSSQ = SUM(3)/FNO . 1273,

GO TO 169 1274,
Ce==we== FOR NI>1y COMPUTE AARs & RMSSQ AS IF AVRPS=0, =~=—ecemscacemaca--1275,
167 DO 168 I=1sNR 1276,
XWT=wT(T)2(X(G69])~AVRPS® (1=KSMP(I))) 1277.
SUM(2)=SUM(2) +ABS (XWT) 1278.
SUM(3)=SUM() o (X (Ge]) ~AVRESH (]=KSMP(]))) #XWT 127179,

168 CONTINUF 12780,
AAR=SUM(2) /FNQ 1281.
RMSSQ=SUM(3) /FNO 1282.
IF{(ERLMT .EQ. 0,) GO TO 169 1283,
Conewane QUTPHT RMS ERROR OF AUXILIARY POINTS ewcvccecvccocccccccarcceee=]284,
L = LATEPR/60, 1285,

ALA = LATEP « 60,%L 1286,

. L = LONFP/60. 1287,
ALO = LONEP = 60,%L 1288,
RMSX= SQRT(RMSSA)) . 1289,
DRMS = RMSX = RMSSV 1290,

GO TO (1929394959691 929304)9 NA 1291.

1 WRITE(6+8N1) ALAWALOsZ9sAVRPS¢RMSXsDRMS 1292.
801 FORMAT(SF10.2¢10X9F6,2) 12913,
GO TO 174 1294,

2 WRITE(H6+H02) ALAVALNZ+AVRIPSIRMSX,DRMS 1295.
802 FORMAT(5F10,2+28X9F5,2) 1296,
GO TO 174 1297,

3 WRITF (A e803) ALAWALO 7+ AVRPSsRMSX yDRMS 1298,
B03 FORMAT(SF10,2913Xet(VsFhR2e")?) 1299,
GO TO 174 1300,

4 WRITE(6+804) ALAWALOeZ+AVRPS ¢RMSX¢DRMS 1301.
R04 FORMAT (SF 10,231 X0 (19FAK,20") 1) 1302,
IFINA LEQ. 10) GO TQO SS0O 1303.

GO T0O 174 1304,

5 WRITE(68NS) ALAJALD 129 AVRPSyRMSX yDRMS 1305,
805 FORMAT (/9F10.2¢19X9F6,2) 1306,
' WRITE (64807) RMSSV 1307,
H0T7 FORMAT (40X eF10,2923Xe'0.00?) 1308,
GO TO 174 1309,

6 WRITF(69RN6) ALAWALO+Z1AVRPSIRMSXDRMS 1310,
BHO6 FORMAT (SF1042022X9'(teFhe2e?) /) ' 1311,
174 NA = NA + ] 1312,
GO YO 111 1313,
Cowwwwe= CHFCKX IF SOLUTION 1S RETTER THAN PREVIOUS ONE =ececcccccccccw-==1314,
169 IF((N]I .EQ., 1) .anD. (NDEC .EQ. 0)) GO TO 170 1315.
IF (PRMSSN,GE.RMSSQ) GO TO 170 1316,
NDEC = MDEC +1 1317,
IF(NDEC +GT. 1) GO TO 17S 1318,

D0 177 I= 1,3 1319,
B(I) = 0.0 1320.

AF (I)==le0 1321,
SE(I) = 0,0 . 1322.

177 CONTIMUE . 1323.
Nl = NI =} 1324.
BMI=Y (1) : 1325,

8M2=Y (2) . 1326,
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BM3=Y(3) : 1327,

BMAX = ARS(Y(1)) . 1328,

[IMax = | 1329,

D0 176 1 = 23 1330,
[F(ABS(Y(I)) LE.BMAX) GO J 176 1331,

BMAX = ABS(Y (1)) 1332,

IIMAX = 1 1333,

176 CONTINUE : . 1334,
ISKP(IIMAX) =] ’ 1335,
Y{(1)=-BM1/S, 1336,
Y{(2)==8M2/5,. 1337.
Y(3)=«~BM3/5,. 1338,
Y(4)==Y(})2XMEAN(]1) =Y (2) #XMEAN(2) =Y (3) ®*XMEAN(3) 1339,
XADJSQ=Y (1) au2eY (2)02ey (3) #82 1340,

KP=0 1341,

IF (XADJSO LTe 4,%TEST(4)/25,.) GO TO 170 1342,

17S IF(NDEC +EQ. 5) GO TO 170 1343,
GN T0 325 1344,
Commmee= STEPSISE MULTIPLE REGRFSSION ANALYSIS OF TRAVEL TIME RESIDUALS=1345,
170 IF(NDEC +.GE. 1) NI = N[ + 1 1346,
IF (INST.FQ.l1) GO TO 250 1347,
IF(ISKP(3) EQ. 1) GO Fr 250 1348,

IF (INST EQ. 9) GO TO ';01 1349,

IF ((FNOJEQ«3) +AND. (F"OOLT03” GO 70O 250 . 1350.

C=e~= FREF SOLUTION 1351,
200 Ki=0 1352.
KF=0 1353.

CALL SWMREG 1354,
Ce====== AVOID CORRECTING DEPTH IF HORIZONTAL CHANGE IS LARGE =========-]355,
IF (Y(l)#e2sy(2)ee2 LT, TEST(2)) GO TO 300 1356,

Ce~== FIXEN DEPTH SOLUTION 1357,
2950 KZ=1 1358,
KF=0 1359,

CALL SWMREG 1360.
Cowmme=a LIMIT FOCAL DEPTH CHANGE & AVOID HYPOCENTER IN THE AlR weewew=<]36],
300 DO 27S I= 1.3 1362,
ISKP(1)=0 . 1363.

275 CONTINUE 1364,
oLDY1l=Y (1) 1365,
oLDY2=Y(2) 13A6,
oLDY3=Y(3) 1367,
ABSY1=AHS(Y (1)) 1368,
ABSY2=AHS (Y (2)) 1369.
ARSY3=ABS(Y(3)) : 1370.
IF(ABSY1.GT.ABSY2) GO TO 305 1371.
ARSGR=ABSY?2 1372,

GO T0 308 1373,

INS ABSGH=ABSY] 1374,
308 IF(ABSY3W..E.TEST(S5)) 6O TO 310 1375,
I1=ABSYJ3/TEST(S) 1376.
Y(3)=Y(3)/(1+]) 1377.

310 IF((Z2+Y(3)).GTa 0.0) GO TO 315 1378,
Y(3)==Z2TFEST(12)+.000001 1379,
[SKP(3) = 1 1380,
Cowmmeva LIMIT HORIZONTAL ADJUSTMENT OF EPICENTER ==eececccacccacecece-==]3jf],
315 IF (ABSGR.LELTEST(10)) GO TO 320 1382,
I=ABSGR/TEST(10) 1383,
Y(1)=Y(1)/(1+1) 1384,
Y(2)=Y(2)/(1+1) 138S,

320 Y(6)=Y(4)=(Y(3)=0LDY3)XMEAN(3)=(Y(1)=OLDY1) #XMEAN(1) 1386,

1 =(¥(2)=01.0Y2) #XMEAN(2) _ 1387,
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XADJSOAsY (1) o2y (2)R82+Y (3) 802 1388,
KP=0 1389,
NDEC:O 1190.
JPH=0 .1391,

325 IF (IPRN ,GE. 1) CALL OUTPUT 1392,
IF(NDEC +GE. )1) 60 TO 330 1393,
Cowmww=a TERMINATE ITERATINN IF HYPNCENTER ADJUSTMENT ¢ TEST(4) weccweees]394,
IF (XADJSO .LT. TEST(4)) GO TO SO0 1395,

330 IF(NI .EQ, NIMAX) GO TQO S00 ‘ 1396,
Comewnme ADJUST HYPOCENTER ececccceccccccccccccas —cene cacmreca==]1397,
350 AVL=LATEP/60. 1398,
375 Ml=AVL+*1,.5 1399,
M2=AVL#]10,+1.5 1400,

OY1l =Y(1)/(CA(M]1)®COSL(M2)) " 1401,

DY2 =Y¥(2)/CH(M]) 1402,
LATEP=LATEPeDY?2 1403,
LONEP=LONEPRP¢DY] 1404,
Z=Z+Y(3) 1405,
ORG=0RG+Y (4) 1406,
SVY! = Y(1) 1407,
SvY2 = Y(2) 1408,
SVY3 = Y(3) 1409,
AD.JSO=XADJSQ 1410,
IF(NDEC ,FQ, 0) PRMSSQ=RMSSQ 1411,
IF(NDECLGE.l) GO TO 110 1412,

400 NI = NI + |} J413.
IF(NI JLE. NIMAX) GO TO 111 1414,
Comww=eae RESET ORIGIN TIME sececeacccccrmcrcccccsccccrccsnaancacnccnsnrcacee]4]5,
S00 ORG=ORGeXMEAN(4) 1416,
GO TO S92 1417,

S01 XMEAN(4)=0,0 la418,
502 DO 509 [=1+S 1419,
S0S SUM(I)=0,0 1420,
SUMM = 0,0 1421,

DO S10 I=14¢NR 1422,

IF (KSMP () +EQe 0) X(4el)=X(4s])=XMEAN(4) 1423.

IF (wT(1) .ER, 0,) GO TO SI10 1424,
IF(INST JrFe 9) GO TO S09 1425,
XWTS=WT(1)2(X(G4e])0a2) 1426,
IF(KSMP (1) LEQ. 0) XwTS=AT(I)®((X(4e])~AVRPS)®aD) 1427,
SUMM = SUMM ¢ XWTS 1428,

509 XWT=X(4e1)WT(I) 1429,
SUM{1)=SUM(]1) eXWT 1430,
SUM(2)=SIIM(2) *ABRS (XWT) 1431,
SUM(3)=SUM(3) +X(4s])oXWT 1432,
SUM(S)=SUM(S) + XWTe® (1=KSMP (1)) 1433,

510 CONTINUE 1434,
RMISVY = SUMM/FNO 1435,
AVR=SUM(1)/FNO 1436,
AVRPS = 0,0 1437,
IF(FNO oGTs FMO) AVRPS=SUM(S) /ONF 1438,
AAR=SUM(2) Z/FNO 1439,
RMSSQ=SUM (3) /FNO 1440,
Co==wmne= COMPUTE ERROR ESTIMATES BY SOLVING FULL NORMAL EQUATION =ecaw«=}s4sl],
520 KF=2 1442,
KP=} 1443,
KZ=0 1444,
CallL SWMREG 1445,

DO 521 I =:1,3 1446,

521 Y(1)=0.0 1647,
IFCINST.EQ.1) KZ = 1 1448,
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CALL OUTPUT : 1449,
IF (KMS L,EQ. 1) CALL MISING 1450,
IF ((KNST,GE.S) ,OR. (KFM,GE.1)) CALL FMPLOT 1451,
QANO (JAV) =QNO(JAV) 1. . . 1452,
IF (JAV .GT. IQ) GO TO S23 1453,
Commewes COMPUTF SUMMARY OF TRAVEL TIME RESIDUALS ~mer=ccwcsacccvacsvacee-]454,
DO 527 I=]eNRP ' 1455,
IF ((WT{I).EQ.04) «OR, (KSMP(I).EQ.))) GO TO 522 . 1456,
JI=KDX(I) 1457,
NRES(KNO+JI)=NRES(KND9J]I) 1 1458,
SR{KNO s JI)3SRIKNOsJI) o X(4s1)2WT(]) 1459,
SRSQ(KNO e JI) =SRSQ(KNOsJI) e X (Lo ]) #2284 T(]) 1460,
SRWT(KNO ¢ JT)=SRWT(KNN s JI) sWT (1) 1461,
522 CONTINUE 1462,
523 IF (KTEST NF. 1) GO TO S&0 1463,
Cowwnweme COMPUTFE RMS AT AUXILIARY POINTS ewmececcwvccccvcavcwcccovcacscva=s=]464,
RMSSV = SART(RMSSQ) 1465,
IF(INST.EN,9) RMSSV = SORT(RMISV) ) 1466,
ERLMT = 1, 1467,
LATSV = LATEP 1468,
LONSV = LONEP 1469,
2sv = 2 1470,
AVL = LATER/60, 1471,
Ml = AVL ¢ 1.5 1472,
M2 = AVL#10, + 1.5 1473,
DELAT = TFST(13)/CB(M1) 1474,
DELON = TEST(13)/(CA(M])*=COSL(M2)) 1475,
DEZ = TEST(13) 1476,
WRITE (64529) 1477,
525 FORMAT (/v . LAT LON Y4 AVRPS RMS 1478,
1 DRMS /) 1479,
NA=1 1480,
GO T0 111 1481,
5§50 TIMELl=TIME2 16482,
575 CONTINMUE 1483,
C==we=== CHFCK FOR MULTIPLF SOLUTIONS OF THE SAME EARTHQUAKF =e=wwsec-ses]484,
IFCIPROJNFLESTTT) RETURN 148S,
NR=NRP 1486,
NRP]1=NR ¢} 1487,
READ(5¢600) CHECKyIPROSKNST 9 INSToZRESsLATI+LATZ29LON1,LON2, 1488,
1 AZRES (NRP]) 1489,
WRITE(64601) CHECKoIPROWKNSTsINSTIZRESsLATIoLAT2+LON1+LON2 1490,
601 FORMAT(//2A409X 9211 eFSe291%02(149F642) 0t=== RUN AGAIN w==?) 1491,
600 FORMAT(PAGe9X92119FS5,291X92(J4sF6.2)9T214A4) 1492,
LATRT=60.#LAT]+LAT2 1493,
LONRT=60,%LON]1+LON2 1494,
IF{CHECKEQ.BLANK) GO TO 30 1495,
WRITE(6+610) CHECK 1496,

610

FORMAT (/' ERROR %,A4,% SKIPPED, INST. CARD DID NOT FOLLOW ##ev) 1497,
RETURM . 1498,
ENO 1499,

- 73 -



SUBROUTINE SORT{X+KEYsNO)
DIMENSIUN X (NO) oKEY (NO)

1500,
1501,

1
2
21
ee

23
24

25

26
27

28
29

DO 1 I=1+NO
KEY([)=1]

MO=NO

IF (MO=~15) 21,21,23
IF (MO=1) 29429922
M0O=2% (MO/4) ¢]

GO TO 24
MQ=2#(M0O/8) »1
KO=NO=MO

JO=)

I=J0

IF (X(L)=4(1+M0)) 24+28,27
TEMP=X (1)
X(I)=X(]+MO)
X(IeMO)=TEMP
KEMP=KEY (])
KEY(I)sKEY(]eMO)
KEY (] +MO) =KEMP
I=1=M0

IF (I=1) 28426426
JO=J0O+]

IF (JO=KQ) 25925+2
RETURN

END
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1503,
1504,
15085,
1506,
1507,
1508,
1509,
1S10.
1511.
1812,
1513,
1514,
1518,
1516,
1517,
1518,
1519,
1520,
1521,
1522.
1523,
1524
1525,
1526,



SUBROUTINE SUMOUT 1527.
Ceew==== QUTPUT SUMMARY OF TIME AND MAGNITUDE RESIDUALS ==wwe=eevev---==]1528,

REAL LATsLONSLAT2yLON2 1529.
COMMON 7A17 NSTA(1S51)+DLY(2+151) 9FMGC(151) ¢ XMGC(151) sKLAS(1S1), 1530,
1 PRR(151)+CALR(151) 9 ICAL(151)21S(1S51) +NDATE(1S]1) »iHIHMN(1ST) 1531,

COMMUN /A2/ LAT(151)sLON(1SY)»DELTACLO01)4DX(101)9NY(101)sT(101]) 1532.
COMMON /A3/ NRES(2+151) sNXM(151) 9NFM(151)+SR(2+151)+SRS0Q(2+151)s 1533,
1 SRWT (29151) s SXM(151) ¢SXMSQ(151) ¢SFM{151) +SFMSO(151) +QNO(4) 1534,
COMMON /AS/ ZTReXNEARIXFARIPOS+IQsKMSeKFMy IPUNs IMAGY ;RIQSPA(9,+40) 1535,
COMMON /A6/ NMAX o LMAX 9NSsNL yMMAX 9NRIFNOsZs X (49101) +Z2SO+NRPDF (101) 1536,
COMMON /A16/7 KLSS(151)+CALS(151)+MDATE(151) sMHRMN{151) 9 IPRNyISW 1537,
COMMON /819/ KNOGIELV(151) ¢ TEST(1S) sFLT(2+151) ¢MNO(1S1)4IW(151) 1534,

COMMON /zA22/ F(?lv?l)oG(ho?l)QH(?I)QDEPTH(ZI)'IONF 1539,
COMMON /A25/ INS(IS1)s1EW(15]1) ¢+JPH 1540,
DIMENSIUN AVRES(49151) ¢SDRES(44151) 1941,
DATA KSLeKWl/Z9St,0Wry 1542,
oDt T e e L DL L DL P L PR L L P L L L L P LTS §1% I
QSUM=QNO (1) +ANO(2) +QNO(3) +QNO (4) 1544,

IF (QSUM LEQ. 04) GO TO 72 1545,
WRITE(6+5) (UNO(I)seI=194) +QSUM 1546,

S FORMAT(1H1 e ®eoso CLASS! A B (of D TOYAL e#ssny 1547,
1o//+¢TXe tNUMBER: ? 45F6,1) 1548,
DO 10 I=leb 1549,

10 OND (1) =100.2QNO(])/1ISUM 1550,
WRITE(6+15) (ONO(1) 2 I=144) 1551,

1S FORMAT(/+12Xe'%s 44Fh,1) 15%2,
WRITE (6+20) 1553,

20 FORMAT(///+10Xe'TRAVELTIME RESIDUALS (MODEL=1)"?,5X 1554,
19*TRAVELTIME RESIDUALS (MODEL=2)*+5X+ *X=MAGN]ITUNE RESIDUALS? 1655,
296Xy F=2AGNITUDE RESIDUALS?s/9¢" STATION NRES SRWT AVRES S15%6,
3DRES NRES SRwWT AVRES SDORES NXM AVXM SDXM1557,

N NFM AVFM SDFMY) 1558,
D0 70 I=14NS 1559,

DO 30 J=1.4 1560,
AVRES(Js1) =0, 1561,

30 SORES(Jel}=0, 1562,
IF (NRES(1+1) +EQ. 0) GO TO 35 1563,
AVRES(1¢[)=SR(1e1)/SRaT (141} 1564,
SORES{111)=SURT(SRSN(1¢1)/SRWT(19])=AVRES(1,1)%42+40,000001}) 1565,

35 IF (NRES(?2+I) +EQ. 0) GO TO 40 1566,
AVRES(2+])=SR (2411 /SRWT (241) 1567,
SDRES(2¢1)=2SORT(SRSI(2+ 1) /SRWT (2¢1)=AVRES(29])%%2+40,000001) 1568,

40 IF (NXM(]) LEQ. 0) GO TO S0 1569,
AVRES (3911 =SAM(I)/NXM(]} 1570,
SORES(3¢1)=SQRT(SXMSQ(I) /NXM(I)=AVRES(3¢])#224+0,000001) 1571,

S0 IF (NFM(]I) .,EA. 0) GO TO 60 1572,
AVRES (4 I)=SFM(T)/NFM(T) 1573,
SURES {4+ 1) =SORT(SFMSQ{I)/NFM(])=AVRES (49])#42+40,000001) 1574,

60 WHRITE(6+65) NSTA(I) ¢sNRES(141)eSRWT(1,1)¢AVRES(191)+SDRES(1s1]) 157S.
1oNRES(24+1) sSRWT(291) ¢AVRES(29¢1) 9SNRES(2¢1) ¢NXM(1)4AVRES(3s1) 1576,
29SDRES(391) oNFM(]) ¢ AVRES(441) +SNDRES (4 1) 1577,
65 FORMAT(4X9AG+2Xs1593F8,216X01S593F842+2(6X91502F842)) 1578,
70 CONTINUE 1579,
72 IF (IPUM NE. 3) GO TO 200 1580,
Commwwme PUNCH STATION LIST WITH REVISED DELAYSsXMGC9AND FMGC =ww==-ee==]581,
IF (iSW .EWQ, IONE) GO TO 80 1582,
WRITE(E9s7S) INS(1)eIlEWC(]) 1583,

7R FORMAT (1H]1 .0 woses NEW STATION LIST sccss 1584,
19777 G4Xe '] STN LAT t4Als? LONG ®sAl? ELV DELAY?' 95X 1585,
2y'FMGC XMGC KL PRR CALR IC IS DATE HRMN?') 1586,
GO TO 90 1587.
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80 WRITE(6+85) INS(1)sIEW(]1) ' 1588,
BS FORMAT(1Hls¢ #eoee NEW STATION LIST sesses 1589,
19/77/+4Xe1 STN LAT 154l LONG *9Als? ELV M DOLY1 1590,
20LY2 XMGC FMGC K CALR IC DATE HRMN?Y) 1591,
9C DO 120 I=1sNS ) 1592,
DLY(1» I)’DLY(I'I)OAVQES(Iol) 1593,

IF (ISW.EQeIONE) DLY(2+11=DLY(2+1)*AVRES(21]) 1594,
XMGC (1) =XMGC(I) +AVRES(3y1) ) 1595,
FMGC(I)=FMGC (1) sAVRES (49 ]) 1596,
LAT1=LAT(I) /60, 1597,
LAT2=LAT(I)=60.%_AT1 ' 1598,
LON1=LON(T) /60, 1599,
LON2=1.0M(T) =62 ONI 1600,

IF (ISwW FO. TONE) 150 TO 115 1601,

105

110
115

116

117
120

C"‘""'

200

205
206

210

WRITE(69105) TeNSTA(TI) oL ATIWLAT29INS(I)oLONYSLON2,IEW(I)JIFLV(I) 1602,
19DLY(190) oFMGC(T) 9 XMGC(T) oKLLSS(I)sPRR(I)»CALS(I)sTCAL(I) NDATE(]I) 1603,

2yNHRMN (1) 1604,
FORMAT (1592X0A4912¢FSe29A) 91 49FSe29A19I59F6.294X9FS.202X0FS542912 16085,
191XoF4e?91X9F642912¢5X916914) 1606,

WRITE(7+110) NSTA(T) s LATIoLAT29INS(I)sLON1+LON2,IEW(I) 2 JELV(]) 1607,
1oDLY (19I) oFMGC(]) 9 XMGC (1) oKLSS(I) sPRR(I)+CALS(I)»ICAL(I)NDATE(I) 1608,

2yNHRMN (1) 1609.
FORMAT(2X9AGe129FSe29A19130FSe29A1314¢FH,29T38eFS,29T459FS,2 1610,
101201 XsFG 4201 XeF6e29129T71916914) 1611,
GO TO 120 1612.
WRITE(60116) ToNSTA(T) oLATISLAT2oINS(I)sLON1- L ON2,IEW(I)»IFELV(]) 1613,
1oMNO(I) oDLY (1el) sDLY(201) o XMGC(I) oFMGC (I) oKLSS(I)sCALS(I)»ICAL(]I) 1614,
2oNDATE (1) oNHRMN(T) 1615,
FORMAT (1592XsA4 e3¢0t 3F5,29A19109'=03F5,29A191591692F6,.2 1616,
192F6.21121F6.2012:2X416414) 1617.

WHITE(Z411T) NSTACT) sLAT] oLAT2¢INS(I)sLONILON2yIEW(I)JELV(I) 1618,
ToMNO(T) wOLY (1 01) oOLY(20I) o XMGC (1) 9FMGC (1) oKLSS(1)+sCALS(I)»ICAL(I) 1619,

2eNDATF (1) ¢ NHRMN(T) 1620,
FURMAT (AG 1390 =14FS5,20A19139'=04F5,29A191491642F6,2 1621,
102F6429123F6.231292%X416914) 1622,
CONT INUE . 1623,
RETUKRN 1624,
wwe PUNCH STATION LIST WITH REVISED CALIBRATIONS wevccwcrmcwnsewwe==]162S5,
IF (IPUN NE., 4) RETURN 1626,
IF (ISw LEQ. IONE) GO T0O 205 1627,
WRITE(6+79) INS(1)s1EW(]) 1628,
G0 TO 206 1629,
WRITE (6+85) INS(1)sIEW(]) 1630,
DO 229 I=14NS 1631,
"LAT1=LAT(I) /60, 1632.
LATZ2=LAT(])=60.2LATI] 1633,
LONYI=LON(T) /60, 1634,
LONZ=LONI(T) =~60+#LONI 1635,
IF (ISW +EQ. IUNE) GO TO 210 1636,

WRITE(6¢105) ToNSTA(T) sLATIsLAT2sINS(I)sLONLoLONZyIEW(I)»IELV(I) 1637,
1oDLY(101) 9FMGC(I) e XMGC (1) osKLAS(I) +»PRR(T) yCALR(I)»ICAL(I) sMDATE(I) 1638,
2yMHRMN () 1639.

WRITE(7.110) NSTACT) sLATYI2LAT2sINS(I) sLONLSLON2,IEW(I) s IELV(I) 1640,
19DLY (19 ) 9FMGCIT) 9 XMGC (1) oKLAS(I) +PRRUI) »CALR(I) oICAL(]I) +MDATE(I) 1641,

2yMHRMN (1) 1642,
GO T0 220 1643,
WRITE(6+116) I oNSTA(T) oLATIoLAT2+INS(I)sLON1sLON2,IEWLI) »IELV(I) 1644,

1oMNO{T) sOLY (10D oDLY(2¢1) o XMGC (1) 9FMGC (1) oKLAS(I) 9CALR(I)»ICAL (1) 1645,
2'MDATE (1) s MHRMN(T) 1646,
WRITE(T7.117) NSTACT) sLATYI2LAT29INS(I) sLONLLON2,IEW(I)»IELV(I} 1647,
1oMNOCT) sDLY (191)4OLY (291) ¢ XMGC(I) o+FMGC(I) sKLAS(I) CALRII) +ICAL(I) 1648,
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2sMDATE (1) ¢+MHRMN(])
220 CONTINUE

RETURN

END
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1649,
1650,
1A51.,
1652,



SUBROUTINE SWMREG ' 1653,

Commwnne COMPUTE GEIGER ADJUSTMENTS BY STEP=WISE MULTIPLE REGRESSION OF 1654,

c

TRAVEL TIME RESIDUALS ~e=cemcccccrccncocnacnccvecrcsannancncea=e]§55,
REAL28 ENTVsELMsFMT 1656,
COMMON 786/ NMAXoLMAX oNSoNL sMMAX ¢NRoFNO9Z o X (40101) 0ZSA+iiRPWOF (10111657,
COMMON ZA7/7 KPoKZoKOUY oW (L101) oY (4) oBSE(4) o XMEAN(4) oCP (180} +SP (18011658,
COMMON /ZA16/7 KLSS(151)+CALS(15]1) +MDATE (151) ¢sMHRMN(151) s IPRN,ISW 1659,
COMMON /A19/ KNOsIELV(1S1)oTEST(1IS) sFLT(29151)eMNO(15]1)eIW(151]) 1660,
COMMON /A2]/ KSMP(1S51) 9FMOsONF +8(4) s IPHIKFoAVRPSeIEX T 1661,
COMMON /A24/ FLTEPIPROWISTTTISKP(4) sAHEAD(12) sFLIMsAF (3) oNDEC 1662,
DIMENSION XSUM(4) ¢SIGMA(4) +IDX(4)oV(I)sPF(3)2A(T7e7) 2T (To7)eS(4s4) 1663,

DATA L.M.MM,Mlla.a.7.5/.5NT.ELM/'ENTERING'.-LEAVI~G.-/ 1664,
(o et T Tt LT DA Y e L1 D
KFLAG=0 1666,
SVTEST = TEST(3) 1667,
ONF=0,0 1668,
FLIM = TEST(3) 1669,

DO 2 1=1s3 1670,

AF (11==1,00 1671,

2 CONTINUE 1672,
DO S I=1eNR 1673,
ONF=ONF + W(I)®(1=-KSMP (1)) 1674,

S CONTINUE 1675,
DO 10 I=1sMM 1676,

00 10 J=14MM 1677,

10 A(leJ)=0, 1678,
C=====COMPUTE MEANSsSTANDARD NFVIATIONS+AND CORPECTED SUMS OF SQUARE 1679,
DO 40 I=1+M 1480,
XSUM(1)=0, 1681.
XMEAN(]) =0, 1682,

DO 40 J=1lyM ' 1683,

40 S(1+2)=0, 1684,
00 50 K=1sNR- 1685,

00 S0 I=1M 1686,
TEMP=X (1 sK) @W (K) 1687,
ETMP=TEMP® (1 =KSMP (K) ) 1688,
XSUM(IT)=XSUM(1) «ETMP 1689,

DO S0 J=1,M 1690,

S0 S(Ie)=S(19J) ¢TEMPEX(J9K) 1691,
00 70 I=1eM 1692,

IF (ONF J.EQ, 0.) GO TO 65 1693,
XMEAN (1) =XSUM (1) /ONF 1694,

D0 60 J=T.M 1695,

60 S(IeJ)=S(IsJ)=XSUM(T)®XSUM(J) /ONF 1696,
65 Alls1)=1. 1697,
IF (S(Ie1) LLTe 0.000001) S(Ie1)=0,000001 1698,
SIGMA (1) =SQRT(S(Is1)) 1699,

70 CONTINUE 1700,
Ce=<=-=COMPUTF AND AUGMENT CORRELATION MATRIX A 1701,
DO 80 I=lsL 1702,
11=1+1 1703,

DO 80 J=11+M 1704,
A(IoJ)=S{IeJ) Z(SIGMA(I) 2SIGMA(J)) 170S.

80 A(JsI)=A(1ed) 1706,
PHI=FNO~1, 1707,

DO 1c0 1=M1sMM , 1708,
A(I=My1)=1, . 1709,

125 A(IsI=M)==], 1710,
130 00 140 I=1+M 1711,
B(I)=0, 1712,
Y(1)=0, _ 1713,
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BSE(I)=0. .

140 IDX(I)=0

IF (IPRN LT, 3) GO TO 150

WRITE(6+45) '
45 FORMAT(///9 188080 DATA" #08081,//44Xe 1K1 4BXe 1W?

46
o7

75
76
77
78
85

90
95

Ceame-

1014XetX109]aXetX2053]14XytX31414X91XG1y/)

DO 47 K=]4NR

WRITE(6946) KeW(K) s (X(IeK)oI=1eM)
FORMAT(IS+8E16+8)

CONTINUE

WRITE(6+s7S) (XMEAN(I) el=19M)

FORMAT(/¢'" MEAN'416X4REL16.8)

WRITE (6e78) (SIGMA(TI)sI=1eM)

FURMAT (/¢ SIGMAt 15X s7E16,R)

WRITE(6477)

FORMAT (7779t o2dae CORKECTED SUMS OF SQUARES MATRIX auaedi,y/)
D0 78 I=1lwM

WRITE(6¢95) (S(1eJ)eJdsleM)

WRITE (6485)

FORMAT(///40 onaaé CORRELATION MATRIX R #assor,y)
00 90 I=1.M

WRITE(6¢95) (A(IsJ) eJd=]1eM)

FORMAT(7€18,8)
~STEPWISE MULTIPLE REGRESSION

WRITE(64125) NRILSTEST(3)

125 FORMAT(///s tesvcasdnas STEPWISE MULTIPLE REGISSSION ANALYSIS!
199 vBovoeeeadty//t NIMBER OF DATAgeseessscssse-osvsnss?elS
2 /Y NUMBER OF INDEPENDENT VARIABLES.se'91S
3 /vt CRITICAL F=VALUEsesvovossosssesssce'sFB8,e2)
150 D0 300 NSTEP=1.L
NU=0
MU=0

IF (IPRN (LT, 3) GO TO 155
WRITFE (64154) NSTEP K7 4KF

1714,
1715,
1716.
1717,
1718,
1719,
1720,
1721,
1722,
1723,
1724,
172%.,
1726,
1727,
1728,
1729,
1730,
1731,
1732,
1733,
1734,
1735,
1736,
1737,
1738,
1739,
1740,
1741,
1742,
1743,
1744,
1745,
1746,
1747,

156 FORMAT(//? #0000 STEP NO,19[241 900081 ,5X3VKZ =t9[2+5Xs'KF =4,12)1748,

C=====FIND VARIABLE TO ENTER REGRESSION
155 ViMAX=0.,
MAX=NSTEPR
D0 160 I=1sL
IF(ISKP (1) EQ.1) GO TO 160
IF (IDX(I) +EQe 1) GO 10 160
IF ((14E£Q.3)AND.(KZ,EQ.,1)) GO TO 160
VII)=A(T +M)SA(MeT)ZA(]W])
IF (V1) (LE. VMAX) GO TO 160
VMAX=V(])
MAX=]
160 CONTINUE
F=0.0
IF(VMAX.,EQ.0,0) GO TO 163
F=(PHI=]1,)2VMAX/ (A (MsM) =VMAX)
IF(F .GFs 1000,) F=2999,99
163 AF (MAX) =F
IF(KF +GF, 2) GO TO 165
IF (F LT, TEST(3)) GO TO 400
165 IF ((MAX.EQ.3)+AND+(KZ,EN.1)) GO TO 300
166 NU=MAX
10X (NU) =1
pHI:PHI‘l. .
Co====COMPUTE MATRIX T FOR THE ENTRANCE OF VARIABLE X(NU)
DO 170 JU=]leMM
170 T(NUs.J)=A(NUeJ) Z7A (NUWNU)
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1749,
1750,
1751.
1752,
1753,
1754,
1755,
1756,
1757,
1758.
1759.
1760,
1761,
1762,
1763,
1764,
176S.
1766,
1767,
1768,
1769,
1770,
1771.
1772,
1773,
1774,



DO 180 I=)+MM 177S,.

IF (I +EQ. NU) GO TO 180 1776,

D0 175 J=]lsMM 1777,

17S T(I'J)‘A(IaJ)-A(IvNU)“A(NUoJ)/A(NUoNU) 1718,
180 CONTINUE ' 1779,
DC 190 I=]1eMM 1780,

00 190 J=1+MM 1781,

190 A(Iy N =T(TsN) 1782,
DO 200 I=1.L 1783,

IF (IDX(I) LEQ. 0) GO TO 200 1784,

IF (ABS(A(MeM)BA(T+MyIeM)) (LT, 4000001 ) GO TO 19S 1785,
PF(I)=PHIBA(I M) B22/(A(MsM)BA(]oMyT*M)) 1786,
[F(PF(]) .GE. 1000.,0) PFL(T1)=999,.,99 1787.

AF (1) = PF (1) ' 1788,

50 10 200 1789,

195 PF(I) = 999,99 1790.
220 CONTINUE 1791.
IF (IPRN LLT, 3) GO TO 210 1792,
CALL ANSWER(AsSsXMEANISIGMAsIDXsPHI L ¢+MsMMyPF ¢NUJENT) 1793.

210 IF (KF LEQ. 2) GO TO 300 1794,
IF(KF «GE., 3) GO TO 4S50 179S.
Ce====FIMND VARIABLE TO LEAVE TEGRESSION 1796,
DO 250 K=1sl 1797.

IF (IDX(K) .EQ. 0) GO Tu 2S0 1798.

IF (PF(K) .GE. TEST(3)) GO TO 250 1799,
My=K 1800.
F=PF (MU) 1801,
IDX(MU)=0 1802,
PHI=PHI+1, ) 1303.

DO 220 J=1+MM 1804,

220 T(MUWJY=A (MU J)ZA (MUJeMeMUIM) 180S.
DO 230 1=1sMM 1806,

IF (1 +F0, MU) GO TO 230 1807.

DD 225 J=1sMM 1808.

IF (J «EOQ, MU) GO TO 225 1809.
T(I!J)-A(I'J"A(IOMUOM)’A(MU*M'J’/A(MU¢M0MU0M) 1810,

225 CONTINUE 1811.
230 CONTINUE 1812,
NO 240 I=1 .MM 1813.

IF (1 <EN. MUY GO TO 240 1814,
T(IsMU) =2 (T oMU =A (T oMUUsM) /A (MUSMyMU+M) 1815,

240 CONTIMNUE 1816,
DO 245 [=)1 MM 1817.

DO 245 J=l MM 1818,

245 A(TloN)=T(Isd) 1819,
IF (IPRN LT. 3) GO TO 250 1820,
CALL ANSWFR(A9SeXMEAN¢SIGMAsIDXsPHI oL ¢yMeMM¢PF ¢MUSELM) 1821.

250 CONTINUE 1822,
300 CONTINUF 1823.
Cee~==CHECK TERMINATIUN CONDITION 1824,
400 KOUT=0 1825,
DO 410 I=1,L 1826.

410 KOUT=KOQUT+IDX (1) 1827.
B(4)=XMEAN (M) 1828,

IF (KOUT .NE., 0) GO TO 4S50 1829,
IF(KF oNE. 1) GO TO 420 1830,

KF = 3 1831,

GO TO 150 1832,

420 TEST(3)= TEST(3)/TEST(6) 1833,
FLIM=TEST (3) 1834,
KF=1 1835,
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KFLAG = 0

IF(TEST(6) «GT. l.) GO TO 150
KFLAG = 1

KF = &4

GO T0 150

Coa===COMPUTE RFGRESSION CONSTANTsCOEFFICIENTS,AND STANDARD ERRORS

450

480

500

YSE=77.7

IF (PHI oGE. 1) YSE=SIGMA (M) #®#SQRT (ABS(A(MyM)/PHI))
DO 500 I=1.L

IF (IDX(I) +EQ. 0) GO TO 500
BlI)=A(TsM)#SQRT (S(MeM)/S(Ts]))
BSE(I)=YSE®SQRT (ABS(A(IeMyIeM)/S(Is]1)))
IF(KF JNE, 3) Y(I)Y=B(I)

IF(KFLAG +EQs 0) GO TO 4RO

IF(ABS(B(I)) LJLE, TEST(&)®RSE(I)) Y(I)=0,
IF(PHT LT, 1) BSE(]) = 0.
B(4)=B(4)=Y(I)#XMEAN(T)

CONT INUE

IF(KF +NE, 3) Y(4)=R(4)

TEST(3)=SVTEST

RETURN

END
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SUBROUTINE TRVDRYV 1858,
Cem===== COMPUTE TRAVEL TIME AND DERIVATIVES FROM CRUSTAL MODEL ========1859,
REAL®R TIME1TIME2 1860,
REAL LATsLON 1861.
COMMON /427 LATA(1S1)+LON(1S1)+DELTACL101)4DX(101)sDY(101)4+7(101) 1862,
COMMON /A6/ NMAX¢LMAXoNSoNL oMMAXINRsFNO9ZeX(4+101) »ZSQeNRP+DF (101)1863,

COMMON /AB/ CAL(101)+XMAG(101)sFMAG(101) ¢yNMgAVXMeSDXMNF 9 AVFMy 1864,

1 SNOFMeMAGeKNX(101) 9 AMX(101) ¢yPRX(101) sCALX(101)sFMP(101) 1R65,
COMMON /A10/ ANIN{101)+AZ(101)+TEMP(101)4+CA(T7]1)+CR(7]) 1866.
COMMON /A16/ KLSS(1S1)+CALS(151) +MDATE(1S]1) ¢oMHRMN(151) 9 IPRNoISW 1867,
COMMON /A17/ TIMEL1sTIME2+LATRILONRIKTEST ¢KAZ o KSORT 9KSEL 9 XFN 1868,
COMMOM /A19/ KNOIELV(1S1) ¢ TEST(1S) +FLT(2+151) +MNO(LIS1) o IW(151) 1869,
COMMON /A20/ VI(Z21)eD(21)sYSQ(2]1) o THK(2]1)TID(21021)9DIND(2]1+21) 1870,
COMMON /A22/ F(21921)9G(4+21) sH(21) +sNDFPTH(21) o IONE 1871,
COMMON /A24/ FLTEPIPROSISTTTHISKP(4) s AHEAD(12) oFL IMyAF (3) oNDEC 1872,
DIMENSTION TINJ(21)s0DIDJ(2]1)TR(21) 1873,
C---"-"‘"""--"""--""-""-"-""-"-“-“-""“-"---"""“--"-"'“'-"--"."'°"".---"-187‘0.
IF (ISW .EO. IONE) GO TO § 1875,
Ce====INITIALIZATION FOR FIXED LAYER MODEL ===-e===sccecamecceesecesaaa-=]876,
DO 1 L=1loNL 1877,

IF (D(L) .GT. Z) GO TO 2 1878,

1 CONTINUE 18479,
JL=NL 1880,

GO TO 3 1R8],

2 JJ=L 1882,
JL=L~1 1883,

3 TKJI=Z=-D(JL) 1884,
TKJSQ=TKJ#22+0,000001) 1885,

IF (JL +ENe NL) GO TO S 1886,

DO &4 L=JJNL 1887,
SQT=SORT(VSO(L)=VvSQ(JL)) 1888,
TINJL)STID(JL L) =TKJ®SQTZ(VIL)®V(JIL)) 1889,

4 DIDJU I=DIDJIL LY =TRIBV (JL) /SAT 1R90,
XOVMAX=V (JN ¥V IJL) S (TINJ(JDN =TID(JLsJL ) Z IV IJI) =V (JIL)) 1891,

S 00 300 I=1eNR 1892,
IF (1SW JNE. IONE) GO TO 4S5 1891,

. Ce===-INITIALIZATION FOR VARIABLE LAYER MODEL ====ecsceccsmecccecacccceeee]A94,
JI=KNX (1) 1A95,
NEPTH(2)sFLT(KNOJI) 1896,

IF (7 oLT. FLTEP) DEPTH(2)=04S®(FLT(KNOsJI) ¢FLTEP) 1897,
THK(1)=NEPTH(2) 1898,
THK(2)=0D(3) =DEPTH(2) 1899,
ODHI=THK(1)=H(]1) 1900.
DH2=THK (2) =H (2) 1901,
DO 10 L=1sNL 1502,

IF (DEPTH(L) LGT, 2) GO TO 20 1903,

10 CONTINUE 1904,
JL=NL 190S.

GO TO 30 1906,

20 JJ=L . 1907,
JLstL-1 ’ 1908,

30 TKJ=Z=NDFEPTH(JL) 1909,
TKJSQ=TKJ®92+0.000001 1910,

IF (JL +EQ. NL) GO TO 100 1911.
c--o-—CALCULATION FOR REFRACTED WAVFES B T e e L Lt TS L ) -
DO 40 L=JJeNL 1913,
SQT=SQRT (VSO (L) =VvSQ(JL)) 1914,
TIX=2F (1o JL)HOHIBG (1 9L ) ¢F (24JL) #DH22G(2+L) +TID(JL o) 1915,
DIX=F(LoJLIPDHING (I sL) oF (29 JL) POH22G (4oL ) +DID (JL L) 1916,
TINJ(L =T IX=TKJ®SQT/ (VL) OV (JL)) 1917,

40 DIDJ(L)=DIX=TKJ2V (JL) /5QT ) 1918,
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TIX2F (1oJL)ROHIRG (19 JL) oF (2 JL) #NH2BG (20 JL) +TID(JL 9 JL) 1919,

XOVMAXZY (JJ) #V (JL) #{TINJ(JI) =TIX) /(Y (JI) =V (IL)) 1920,
GO TO S0 ‘ 1921.

45 IF (JL +EQ. NL) GO TO 100 : 1922,
50 D0 60 M=JJeNL 1923,
69 TR(M)=TINJ(M) +DELTA(T) /V (M) 1926,
TMIN=999,99 : 1925,

DO 70 M=JJsNL 1926,

IF (TR(M) ,GT. TMIN) GG TO 70 : 1927,

IF (DIDJ(M) oGT. DELTA(I)) GO TO 70 1928,

KaM 1929,
TMIN=TR (M) 1930,

70 CONTINUE 1931,
IF (DFLTA(D) LLT. XOVMAX) GO TO 90 1932,
C=====TRAVEL TIME & DERIVATIVES FOR REFRACTED wAVE 1933,
80 T{(1)=TR(K) ‘ 1934,
DTOD=1.0/V(K) . 1935,
DTDH= -SQRT(VSO(K)-VSQ(JL))/(V(K)'V(JL)) 1936,
ANIN(I) ==V (JL) ZV (K) 1937,

GO TO 260 1938,
Ce=e==CALCULATION FOR DIRECT WAVE =====wesesc-ecmcescscsmsec—sececce-e-=]939,
90 IF (JL «NFo 1) GO TO lof 1940,
SOT=SART (7SQ+NELTA(I) #e, ) 1961,
TDJ1=SQT/V(]) 1942,

IF (TNJ1 .GE. TMIN) GO "0 80 1943,
C==-==TRAVFL TIME & DERIVATIV S FOR DIRECT WAVE IN FIRST LAYER 1944,
T(I)=TDJI 1945,
DTDD=PELTA(I) /(V(1)9SOT) 1946,
DTNH=Z/ (V (1) #SQT) 1947,
ANIN(I)=DELTA(I)/SQTY : 1948,

GO TO 240 1949,
C-==~=<FIND A DIRECT WAVE THAT WILL EMERGE AT THE STATION 1950,
100 XHIG=DELTA(I) 1951,
XLIT=DELTA(1)®#TKJ/Z 1952,
UB=XHRIG/SURT(XRIG#¥2+TXJISA) 1953,
ULSXLIT/SART(XLIT®82+TKJSA) 1954,
UBSQ=UB®e2 ‘ 1955,
uLSQ=ULee?2 1956,
DELBIG=TKJ2UB/SURT(1,000001~URSQ) 1957,
DELLIT=TKJ®UL/SORT(1,000001=ULSO) 1958,
Jl=JL~1 1959,

00 110 L=1,J1 1960,
DELHIG=NELRIGs (THK (L) #Un) /SQRT (VSQ (JL) /VSQ (L) =UBSQ) 1961,

110 DELLIT=NELLIT+(THK (L) ®UL) /SORT(VSQ (JL) /VSQ (L)=ULSQ) 1962,
DO 170 LL=1+25 1963,

IF (DELBIG-DELLIT LT, 0.02) GO TO 180 1966,
XTR=XLIT+ (DELTA(I)=DFLLIT)®(XBIG=XLIT)/(DELBIG=DELLIT) 1965,
UsXTR/SCGRT (XTRe#2+TKJSQ) 1966.
USQ=yse2 1967,
DELXTR=TKJ®U/SORT (1.000001-USQ) 1968,

D0 120 L=1sJ] 1969,

120 DELXTR=NELXTRe (THK (L) ®U) /SART (VSQ(JL) /VSQ (L) =USQ) 1970,
XTEST=DELTA(I)=DELXTR 1971,

IF (ABS(XTEST) .LE. 0,02) GO TO 190 1972,

IF (XTEST) 14041904150 1973,

140 XRIG=XTR 1976,
DELBIG=DELXTR 1975,

GO TO 160 ' 1976,

150 XLIT=XTR 1977,
DELLIT=DELXTR 1978,

160 IF (LL LT, 10) GO TO 170 1979,
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190 IF (l O‘U QGT. 0 00021

IF (1.0=U LT, 0.0002) GO TO 190
170 CONTINUE
180 XTR=0,5*(XBIG+ALIT)

UsXTR/SORT (XTR#=#2+TKJSQ)
UsSQzy#e2

GO 70 220

1980,
1981,
1982,
1983,
1984,
1985,

C=====IF U IS TOO NEAR 1» COMPUTE TDIR AS WAVE ALONG THE TOP OF LAYER JL1986,
IF (ISW .EQ, [ONE) GO TO 19S5
TOC=TID(JL o JLY +DELTA(I) /V(JL)

195 TIX=F(1oJL)*DHLI®G(1oJL) +F (29JL) #DHZ®G(2,JL) ¢ TID (UL s 1)

200

Ce====TRAVEL TIME & DERIVATIVES FOR DIRECT WAVE BELOW FIRS™ LAYER

GO TO 200

TDC=TIX+DELTA(I) /V(JL)
IF (JL +FQ, NL) GO TO 210

IF (T0C .GE, THIN) GO TO RO
210 T(I)=TOC

DTOD=1.0/VIJL)
DTOH=0,0
ANIN(T)=0,9999999
GO TO 2A0

220 TOIR=TKU/(V(JL)SSART(1,0~USQ))

260 TDIR=TDIR« (THK(L)®V(JL))/Z(VSQ(L)*SQRT(VSQ(JL) Z/VSQ(L): USQ))

250

D0 240 L=1yJl

IF (JL «FQe NL) GO TO 245

IF (TDhIR ,GE. TMIN) GO TO 80
245 T(I)=TDIR

SRR=SART (1,=-US0)
SRT=SRR##]3
ALFA=TKJ/SRT
BETA=TKJ#U/ (V(JL)*SRT)
D0 250 L.=1sJl

STK'!SORV(VSQ!JL)/VSQ(L)-USQ))“’J

VIK=THK (L) /7 (VSO (L) #STK)
ALFA=ALFASVTK®VSQ(JL)
BETA=RETA+VTIK®V (JL) #y
OTDD=RETA/ALFA

DTDH=(1.0=V(JL) #U®DTDND) / (V (JL) #SRR)

ANIN(T)=U

1987,
1988,
1989,
1990,
1991,
1992,
1993,
1994,
1995,
1996,
1997.
19948,
1999,
2000,
2001,
2002,
20013,
2004,
2005,
2006,
2007,
2n08,
2009,
2010,
2011,
2012,
2013,
2014,
2015,
2016,
2017,

Ce====SET UP PARTIAL UERIVATIVES FOR REGRESSION ANALYSIS =eecececemcec-=2018,
260 X(1,1)==-DTDN®NX (1) /DELTA(T)
X(291)==DTDO*NY (1) /DELTA(])

300

X{(3+1)=0TNH
CONT INUE
RETURN

END
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SUBROUTINE XFMAGS 2025,

c------- CONP‘,TE X-MA6NITUDE AND ?-MAGNITUDE -------—-----—--n-----—----zﬂ26.

1

-

1

MMOOID> O ~PARASWN

Comana

REAL LAT+LONIMAG 2027.
COMMON /A1/ NSTA(1S1)+0LY(2¢151) ¢eFMGC(151) oXMGC(15]1) oKLAS(1S1) 2028,

PRR(151) +CALR(15.1) s ICAL(151)+IS(151) +NDATE(151) sNHRMN(151) 2029,
COMMON /A2/ LAT(1S1)+LON(1S1) +DELTA(101)DX(100) DY (101)+T(101}) 2030,
COMMON /AS/ ZTReXNEAR s XFARIPOSeIQeKMS o KFMe IPUNs IMAGIRQSPA(9,40) 2031,
COMMON /A6/ NMAXLMAX ¢NSoNL +MMAXoNRoFNOsZeX(49101)2ZSQeNRP+OF(101)2032,
COMMOM /AR/ CAL(101) ¢XMAG(101) oFMAG(101) sNMeAVXMySDXMNF ¢ AVFM, 2033,

SOFMeMAGKNX{101) »AMX(101) oPRX(101) ¢CALX(101)4FMP(]101) 2034,
COMMON /A16/7 KLSS({151)+CALS(15]1) +MDATE(151) +MHRMN(151) 9 IPRN» ISW 203S,
COMMON /A19/ KNOS IELV(1S1)oTEST(1S) oFLT(2+151) sMNO(1SI) s [W(15]) 2036,

DIMENSION RSPA(k+20) 2037,
DATA 72MC1 ¢ZMC29PWC19PWC2/104159034¢38B90.8091.507¢BLANK/? t/ 2038,
DATA RSPA/=0402¢ 1.085¢=0,15¢=0e13s 0669 0.55¢ 0,179 N,42y 2039,
0014' 10189"9.010 0001’ 0.79' 00660 0.27’ 0.64! 20400
06309 1429¢ 064129 00llbe 04909 0,769 0435e 0484, 2041,
00439 14409 04259 04279 1,009 0,869 064439 0495 2042,
0055' 1.49, 0.380 0.‘01' 1.030 0.93 00‘09' 1004' 20‘030
04659 14579 06539 0,579 1,169 1,009 0,550 1,13, 2044,
0e74b0 10630 0.71' 0.75' l.239 1007' 0.63’ 10240 20“50
04839 1.700 04900 0,959 1,30¢ 1,159 04729 1,40, 2046,
06929 14779 107y lalby 1,389 1,250 0.839 1,50 2047,
160le 14949 14239 14289 1447¢ 14350 0,959 1,62 2048,
1elle 14969 14359 16409 1e57¢ 14469 1,089 le73y 2049,
1020' 2.05’ 1-“5' 10“9' 1.67’ los(" 1019' 10860 2050.
16309 24l4y 1455 14580 14770 14660 1430e 1.94, 2051,
1039' 202‘00 1065! 1'67' 1.869 1.769 lo‘&ﬁ' 200‘0' 2052.
14479 26339 1e789 14769 14959 1,85y 14509 2,14, 2053,
165390 24810 1.81s 14830 2030 14939 14589 2,24 2054,
'10560 2,45, 108'5! 1087' 20070 10970 1.62' 2.31' 2055.
1053' 2.“4' 1.“’00 1086| 2.“6! 1096' 1061' 2031’ ?056.
1-“3' 2¢36 0 ].760 1078' 1.980 1.88 1'53! 1092' 2“57.
16259 24189 1,59y leble 1,82 14720 1379 1,49/ 2058,
L TR L S PR e L LT PR P P P L L L L DR P T L4 k1
NM=( 2060,
AVXM=0, 2061,
SUXM=n, 2062.
NF =0 2063,
AVFM=0, 2064,
SUFM=0, 2065,
DU 40 I=14NRP 2066,
XMAG (1) =BLANK 2067,
RANZ2=NELTA(])#22+25Q 2068,
IF ((RAN2,LTels) 4OR,(RAD2.GT.360000,)) GO TO 30 2069,
JI=KDX (1} - 2070,
K=KLAS(JI) 2071,
AMXI=ABS {AMXI{T)) 2072,
CaL (I)Y=CALX(]) 2073,
IF ((CAL(I)eLT40.01)0R,(ICAL(JI)LEQ.1)) CAL(I)=CALR(JI) 2074,
IF ((AMXI.LT40401)s0Rs(CAL(TI)LLTL0,01)) GO0 TQ 30 - 207S.
IF ((KelLT,0) .0R,(K.GT.8)) GO TO 30 2076,
XLMR=0, 2077,
IF (K .EQ. 0) GO TO 20 - 2078,
PRIXI=PRX(]) 2079,
IF (PRX] LT, 0401) PRXI=PRR(JI) 2080,
IF (IR .EQ. 0) GO TO 10 2081,
IF ((PRXI.GT4204)sOR, (PRXI.LT40,033)) GO 7O 30 2082,
FO=10,%ALOG10(]1./PRXT)+20, ) 2083,
IFQ=rn 2084,

XLMR=NSPA(KsIFQ) « (FU=1FQ) 2 (QSPA(K+IFQe1)=QSPA(K,IFQ)) ) 208Ss,
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10

20

30

40

50

60

70
80

90

GO TO 20

IF ((PRXI.GTe3e) sOR, (PRXT.LT.0.,05)) GO TO 30
FQ=10,2ALNG10(]l,/PRXT)+6,

1FO=FQ
XLMR=RSPA(KIIFQ) ¢ (FQ=IFQ) S (RSPA(KyIFQe]1) =RSPAIKYIFQ))
HLAC=ALOGIO0 (AMXI/(2.9CAL (1)) ) =XLMR
RLD2=ALOG10(RADZ2)

BINT=ZMC1~PWC19RLN2

IF (RAD2 .GE. 40000.) BLNT=ZMC2=PWC2#RLD2
XMAG (1) =RLAC=BLNT+XMGC{JI)

NM=NMe+ ]

AVXM=AVAM+ XMAG(])

SOXM=SNXMe XMAG () #82

FMAG(T)=BLANK

IF (FMP(I) JEQ. BLANK) GO TO 40
FMAG(I)=TEST(7)+TEST(R)#ALOGIO(FMP () )+TEST(9)®DELTA(I)+FMGC(JI)
NF =NF ¢ ]

AVFM=AVFMeFMAG(])

SDFM=SDFM+FMAG(]) w82

CONTINUE

IF (NM ,EQ. 0) GO TO SO

AVXM=AVXM/NM

SUXM=SART (SOXM/NM=AV XM2#2)

IF (NF LEQs 0) GO TO 40

AVFM=AVFM/NF

SDFM=SQT (SDFM/NF=AVFME#2)

IF (NM (EQ, 0) AVXM3BLANK

IF (IMAG=1) T70+s80+90

MAG=AVXM

RETURN

MAG=AVFM

RETURN

MAG=0,5¢(AVXM+sAVF M)

IF (AvXM L,EQ, BLANK) GO TO 80

IF (avF™¥ ,EQ. BLANK) 60 TO 70

RETURN .

END
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2086,
2087.
2088,
2089,
2090,
2091,
2092,
2093,
2094,
2095,
2096,
2097,
209K,
2N99,
2100,
2101,
2102,
2103,
2104,
2105,
2106.
2107,
2108,
2109,
2110,
2111.
2112.
2113,
2114,
2115,
2116,
2117,
2118,
2119,
2120,
2121,
2122,
2123,



APPENDIX 2

A Listing of a Test Run of HYPO71

On the following two pages is a listing of a complete input card deck
for running a load module of HYPO71l. This load module has been stored
in the IBM 370/155 system at the USGS Computer Center in Reston. Some
mistakes are introduced in the input data so that errors detected by
HYPO71 may be illustrated (see Appendix 3, p. 90-96). Otherwise, the
data used are real.
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/7/MG992601 JOB (993001173+£230+3+10+900)9*LEE = 800*»CLASS=D

/7/G0 EXEC PGMsE230+REGIONS160K»TIMES]

//STEPLIB DD OSNAME=A993001,AZ173,MGIE230,HYPOT1+UNIT=ONLINE»

/7 VOLsSER=SYSO11+DISPsSHR

/7/FTO6F001 DD SYSQUT=A

//FT07F001 DD SYSOUT=B

//FTOS5F001 OO #

HEAD SOME SANTA ROSA QUAKES FOR TESTING MYPO7]
RESET TEST(06)=],

SR013842,55 12259.17 «0,15 0.40 0.25 8
SR023827.,28 12304,80 0.09 0,40 0,25 8
SR033814,15 12251.29 0.12 0,60 0,25 b
SR043817,20 12231.92 0,14 0,40 0,25 B
SR053829,55 12224,33 0.07 0.40 0,25 8
SR063842,58 12232,22 -0,19 0,40 0,25 8
SR073832.,20 12242,78 0.03 N,40 0,25 8
SR8A3835,50 12249,38 0.04 0,40 0.25 8
SR083835.92 12248,25 0,07 0,40 0,25 8
SR093829.42 12251,00 «0,19 0,40 0,25 H
SR103825,00 12238,75  «0.16 0.40 0,25 8
SR113833.58 12239,.48 0,02 0.40 0.25 8
SR123833.95 12246,20 0.19 0.40 0,25 8
SR133828,50 12241,10 “0401 0,40 0.25 8
SR143823,08 122649,38 0.01 0.40 0,25 8
SR153829,40 12235.95 0,07 0.60 0,25 8
$Q163832.N2 12258.5% 0.04 0.40 0,25 3
SR173845,95 12248, 35 0,40 0.25 8
SR183817.75 12244,48 «0.11 0.40 0,25 8
SR193840,25 12240,08 «0.0S 0.40 0,25 8
3,30 0.0
5.00 1.0
5.70 440
6.70 15,0
8.00 25,0
5, S50, 100, 1,78 2 18 1 1 11
SRO1EP=2 691005111259.78 12
SRO2IPUO 691005111259.42 10
SROIIPOO 691005111258,.41 23. .15 0.6%5
SR04IPUO 691005111258.05 62.,45ISU0 29, .20 0.78
SROSIPUO 691005111258,12 15
SRO6IPDO 691005111258.53 62.591S 0 cLP

SRO7IPD0 691005111254.81
SRBAIP+] 691005111256,51
SRO9IPUO 691005111255.66 CLP
SR10IPUO 691005111254.80
SR11IPD0 691005111255.32
SR121PD0O 691005111255.77
SR131P0O0 691005111254.89
SR1SIPUO 691005111255.21
SR16IPD0 691005111258.04
SR18IPD0 691005111256,94
SR191PD0 691005111257.26
10
SRO11PD0 691005120651,.22
SRO2IPUO 691005120651.02



SR031P0D0
SR04IPUO
SROS1PUO
SRV61PDO
SRO7IPDO
SRBAIPUO
SRO9IPUO
SR10IPUO
SR111P00
SR121P00
SR201IPDO
SR131P00
SR141P00
SR151PUO
SR161PUO
SR181P0D0
SR191P00

SR031IP~1
SR041IPD9
SROSIP-1
SR061PO0
SRO7IPDO
SRO9IPUO
SR10IPUO
SR111IPDO
SR121IP~1
SR131PDO
SR1S1PUO
SR161P=1
SR18IPO0O
SR191IPDO

SROlEP 2
SR021PVO
SR04IPUO

/7%

691005120650.49
691005120649,66
691005120649.72
691005120650,10
691005120646,38
691005120648,09
691005120647.23
691005120646,40
691005120646,89
691005120647.32
691005120648,.88
691005120645,46
691005120657.78
691005120646.80
691005120649,47
691005120648,5S
691005120648.88

691005061210.13
691005061210,40
691005061209.04
691005061209,75
691005061206,45
691005061207.29
691005061206,10
691005061206,78
691005061207.35
691005061205.79
691005061206444
691005061209.52
691005061208,.50
691005061208.61

691005111259.78
691005111259.42
691005120649.66

S3,70€S 2
S4,20ESNG

164,301SD0
13,94ES 2

12,001S 0

S4,031S 0

bY

n1?

16

18

25
30

28
27

45



APPENDIX 3

Printed Results of the HYPO71 Test Run

The following six pages are actual output printed by HYPO71 using the
test data shown in Appendix 2 (p. 87-88). Users adapting HYPO71 for

their computers should reproduce these results to + 1 or 2 counts of

the last significant figures. Please note that the error messages

shown are for the purpose of illustrating some common mistakes in the
input data.
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APPENDIX 4

Calculation of Traveltimes, Derivatives, and Angle of Incidence

(by J. P. Eaton)

This section is taken from Eaton (1969, p. 26-38), and explains how
traveltimes, derivatives, and angles of incidence are calculated in
HYPO71.
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Calculation of Traveltimes, Derivatives, and

ﬂggles'of lnpidence

(Subroutines TPAR and TRYDRY)

Program TRYDRY, on which these subroutines are based, was designed
to calculate traveltimes and derivatives of traveltimes with respect
to epicentral distance and focal depth for events in an "earth" consisting
"of N-1 flat layers above a homogeneous half space. The earth model is
described by the depth to the top of layer L and the P-velocity in
layer L; I.e., by D(L), V(L), L = I, N, where the index N refers to
the haif space.

The course of the program can be outlined as follows:

I. Determine the iayer, J, that contains fhe focus at depth, H.

2, Determine which of the several possible waves (direct, and
refractions from successively lower horizons) is the first arrival at
distance DELTA.

3. Calculate the travelitime and derivatives by an appropriafe.
method: for refracted waves these calculations are straightforward, but
for the direct waves a numerical solution must be employed.

Because the traveltime, derivative,'and angle of incidence
calculations are a critical central part of the hypocenter determination,
these subroutines are treated more thoroughly than other subroutines in
the program. This writeup describes a somewhat more elaborate version
of the subroutine that constitutes a self-contained program as well as
a test of the program on an actual earth model (the 3-layer "Hawall 8"
structure). It is supplémenfed by an independent %Iou chart and a

FORTRAN Iisting of the TRYDRV program. The variables used in the program
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and flow chart are identified in the accompanying list. The same
notation will be used, generally, in the following section of the writeup,
which outlines the mathematical formulatlon of the program and discusses
some of the principal problems that must be soived. The notation used

in this section is nearly identical (but not exactly) to that used in
HYPOLAYR and its subroutines.

Traveitime of Refracted Waves

(See Sketch A)
The traveltime, to distance DELTA, of seismic anes from a focus

in layer J that are refracted along the top of layer M can be written:

T = TINJ(M) + CELTA /i)

The intercept, TN J (M), can be written:

TKJ*CJ?@J

M
V(J)
where TID/J,M} is the Intercept of a wave with its focus at the top

TINT(M)= TIDIIM) —

of layer J (at depth D(J)) that is refracted along the top of layer
M (at depth D(M)).

Finally,
(& : L) o & (L) 9
- _ THKR(Li%CoS O THK (L) *CoS
TILEM= 2 —— s "'Z vy
L=7J =l

In these equations, @%: is the angle of incidence In layer L of a wave

that s refracted horizontally in layer M,
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Critical Distance (Initial Point) of Refracted Waves
Analogous equations can be written for the distance to the initial
point (distance of critical reflection) of the wave from a focus at

depth H (in layer J) that is refracted along the top of layer M.
DIDJ(M) = DID{GM; — TKT *tan By, , and

=l
DID{J, M ZTHK L)*im@ +§THK(L)*T&V‘. @g\
L=Jd L=

where DID: \,,VI, Is the critical distance for a wave with a focus af
the top of layer J (depth D(J)) that is reflected from the top of
layer M (depth D(M)).

For waves that are refracted along or critically reflected from

the top of layer M, the angle of incidence in layer M is /2.

Critical Distance and Intercept Formulas in Terms of Layer Velocities

and Thicknesses

From Snell's law Sin 9:: = V) Hence,
V(m)
~ Vi Z v =y
CoS By = (I /\/(M))’"- J \}(M) ) and

tan®y= VL) /\vei-vi?

The expressions for TID(J,M), DIDWJ,M) TINJ(M), énd DIDJ (M) can

be written:

m-!
M=t ISL R N [
{vem=viy E HK(L)# V(M) =V (L
TID(IM) = THK(L)+ V(M)=V L)_ T A(L)#U ( )
7 V(M) *VI(L) T, V(M) * V(L)
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mel_ ) ) M-
DIDEM)=) onlrvit ETHK(L)* V(L)

=T\ L \lym A=y

TINT (M) = TID(3,) — Tk T WVME—V(D
VIM)*Y(T)

TRKIT*V(I)
\} V) B VI

D10 (M) =DID{M)— TKJ «

In these equations, TKJ is the depth of the focus below the top

of layer J, ie., TKJ = H - DWJ).

Traveltime of the Direct Wave

The fraveltime of the direct wave to distance DELTA from a focus

" in the first layer is simply:

T = \}HH pei7a’ /N (1)

For a focus in a deeper layer (J = 2, N) the expression for T as

a function of DELTA is too complex to be useful, if it can be obtained

at ali. However, both T and DELTA are relatively simple functions of

sinfa? , where @QI is the angle of incidence of the ray at the focus

in layer J. In the program "DIRECT", a simple method for determining su«ﬁb
and then calculating T for any specified DELTA was developed. This

routine is employed in the present program to compute the traveltime of

the direct ray to distance DELTA forJ > 1.
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Maximum Distance at Which the Direct Wave Can Be a First Arrival.

(See Sketch B)

Because the traveltime of the direct wave is more time-consuming
to calculate than the traveltimes of refracted waves, a preliminary .
test is made to determine whether DELTA Is beyond the range of possible
direct-wave first arrivals. Consider a focus at depth H in layer J.
At large DELTA the direct wave is asymptotic to the refraction line
for a focus at the very top of layer J; but the direct wave is always
later than the asymptote. Let the crossover distance between the wave
refracted along the top Af J from a focus at the top of J and the wave
refracted along the top of J + | from a focus at depth H be XOVMAX.
Then the crossover between the direct wave and the refracted wave from
J + | will be smaller than XOVMAX, and the first arrival at DELTA
larger than XOVMAX must be a refracted wave, if J £ N,

Because the initial point of the refraction from layer K + 1 is
coincident with the critical reflection from the top of K + 1 (or the
bottom of K) and because the reflection from the base of K must. be
later than the direct wave (if K = J) or a refracted wave from the top
of K, the initial point of the K + 1 refraction curve must |ie above
the K-refraction curve (or the direct-wave curve if K =J). Hence,
for DELTA greater than XOVMAX and J < N the first arrival must be a

refracted wave recorded beyond its initial point.

Determination of Which Wave |s the First Arrival at DELTA € XOVMAX

For DELTA less than XQVMAX the first arrival may be the direct

wave: so the traveltime of the direct wave must be computed and
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DIR
TINI(J+1) |- = -

TID(J,J) b

XOVMAX

\
\
(>

D(1)

D(J)
TKJ
__.{..__tg

D(J+1)

D(N)

SKETCH B. Sketch to illustrate discussion of XOVMAX,
initial point, and critical distance.
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compared wi?h the traveltimes of possible refracted phases to establish
which arrival is earliest. In this range of DELTA, however, it must
be established that any prospective refracted first arrival actually
exists at the specific value of DELTA considered; i.e., is DELTA beyond

the initial point of the refracted wave?

Derivatives of Traveltime with Respect to Epicentral Distance

and Focal Depth.--When the nature of the first arrival at distance DELTA

has been established, the traveltime of that arrival is set equal tfo
T and derivatives of the traveltime with respect to DELTA and H are
computed by methods that are appropriate for the first-arrival wave

type.

Derivatives of refracted-wave traveltimes with respect to DELTA

and H.--For refracted waves, by differentiation of the equation for T

.as a function of DELTA and H:

9T /2DELTA =

|
V(M)

3T/3H = — VV=V@*
Vim)+ V()

Derivatives of first-layer direct arrivals.--For the direct wave

through layer 1:

9T _ _ _LELTA
ODELTA - /(1) x\ H*+ DELTA®

ol H

aH = VOIX\H% i priTA®
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Derivatives of direct-wave traveltimes: J -~ 1.--(See sketch C.)

Because both T and DELTA for the direct wave from layers below the

first can be expressed in terms of the parameter sin ©j

2T
oT i Sin 9’3'
SDELTA can be computed as ) DEL’-TA_'
3 SLit @':'
2T
SLELTA T

73t ";_\3/2
TR/ (V) {1.0-u*2) +ZTHK K@) u//va. vl >

e ew an m c s em———

-+ ERTA /2. o=l
TR0 -ut)"t 4 THK(L)# V() /(\/(L, V(U) \/\‘)3/")
) L

=l

where

U= stn By

2T
Note:  3psi1s  cau be caleulated move s:m)oly from

e/emen‘}aw.& considevations,
QII - -AA;MQJ' | _ 1
24 - V.T = ‘:V"— ) wheve V 15 1he «”mren

suvrface veloca‘l7 ot

‘ distTawee N,
(Thank's 1o Rex Allen $or catehing Lhis poivt. spofrs pp) -
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oT
2

Next, we must calculate ‘*7;

for the direct
DELTA

arrival from layer J.

Letting U= $(nS;, and h = TKI =H -0D(W) and DELTA =4,

J-1
= . + f THK(L, *\/(7:_5)
V(TN o-u* T2, )2 (vm VA
| VO (T
A= AU S THRUI xd
{l.o-u* _ IV@E _ N
L=t (v(‘u‘:z 4

Holding U = sin@?y = const, increase h by an amount gh. The

corresponding changes in T and Aare
— T
24 lu

2 A
b4, =55

« 5
u

Next, change U by an amount U, holding h constant so that the
change in A, 5[\1 , is equal and opposite to that caused by the previous

change in h,

24 - ____a__é‘_ 6,9\ :—éA
$0,= )84 = - 57l '
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Thus, the required £U Is:
24

3
U Ih

The corresponding change in T is
°T
$To. = 31 } $U

Substituting the previous expression for du

_ T _J___ 4
8Ta = auu (A’ *b
The total change InA, I.e., SA;-#SA,_:O , and 'rhe total change
inTis ’
- 2T _3_11 Yy
ST =T, + 8Tu= =3[ *6A — 304 * a7
PETeE sl 574
oA
sT1 _ 9T __'_.} 2hlu_
=3 J%/ Y 2« W[
shl, = s
We have previously calculated
or T
ou f,k _ ?-L/
ga) T 90 A
20 lh
Passing to the limit
T ._._EI} _ 2T =y
Y oAlu o4y ohlu
But _@:_rl - ___'__._:__.__________, ob _ U
ohliy V3V lo-u* Y ’u— \[;.o-u*’

and
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aT - IAO M ?:‘}:

2hls V(J)*\]/.o—b{’j - V1o ,_qz-’* 2A 1,4
Thus
T ) I.O“V(J)*U*%—(X

ohla ™ V(T)* [ Tl.o-y?

In the notation used in the FORTRAN program

o —-V(J)*»U » DTLD
V(J)*\l.0-yz

DT DH =
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APPENDIX 5

Examples of Data Forms for Punching Phase Cards

In order to avoid errors in preparing the phase cards, it is useful
to write the seismic data on a special form from which it is easily
key-punched. Users of HYPO71l are urged to prepare their data forms care-
fully. Examples of data forms used at NCER are given in the following
two pages. .

Page 112 shows a typical data form used for processing seismic data
from a large network of stations. The actual form is 8-1/2 x 13 inches,
and only the top two-thirds are shown here. This form has space for data
recorded on four develocorder films or nets. Each net has 16 stations,
and station names are labelled in the form. Since S-arrivals are difficult
to read on develocorder films, they are not routinely processed and are
not included in the form. Space for two more nets and space for remarks
are not shown here. In the upper left corner of the data form are
abbreviations for some commonly used remarks to be punched in column "RK."

. Page 113 shows a data form used for a small network where S-arrivals
are routinely read and time corrections may be needed. Amplitude data are
not processed and are left out in the form. An additional column for rise
time is included although it is not used in the HYPO71l program. The

actual form is 8-1/2 x 11 inches and fits nicely in a loose-leaf binder.
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